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Abstract: A palladium-catalyzed cascade cyclization for the
assembly of polyfunctionalized isoxazoles derivatives has
been accomplished. This new protocol exhibits mild
conditions, high efficiency, good functional group tolerance

structurally diverse isoxazole derivatives, becoming a
promising application in synthetic and pharmaceutical
chemistry.

Introduction

Heterocycles are ubiquitous building blocks in
numerous biologically active natural products,
functional materials molecules, agrochemicals, and
pharmaceuticals.™! Isoxazoles represent a privileged
heteroaromatic motifs in pharmaceuticals and
bioactive natural products.’? In particular, highly
substituted isoxazoles exhibit remarkable biological
and therapeutic activities, such as antinociceptive,
antimicrobial, antibiotic, anti-inflammatory, and
anticancer activities.®! As depicted in Figure 1,
valdecoxib was established as a COX-2 inhibitor.[!
Leflunomide was reported as a antirheumatic drug.[®
Oxacillin was used as a p-lactam antibiotic.?! In
addition, these structural skeleton represent
synthetically versatile intermediates for other
chemical transformations.”! Considerable efforts
have been devoted to developing efficient synthetic
methodologies for the assembly of functionalized
isoxazole derivatives in the past few years.
Undoubtedly, [3 + 2] cycloaddition reactions of
alkynes with nitrile oxides represents the most
straightforward and efficient methods in the
construction of these important frameworks.!
However, most of these excellent strategies required
functionalized precursors, harsh conditions, and
provided poor chemo- and regioselectivities, reducing
their versatility and simplicity. Alternatively,
electrophilic cyclization of alkynone O-methyloximes
with a varieties of electrophilic agents have also been
investigated for constructing 4-haloisoxazoles and 4-
organoselenyl-isoxazoles.® However, the
electrophilic reagents is limited to halogenated

and broad substrate scope. Remarkably, the easy availability ~Keywords: Palladium-catalyzed; alkynylation;
of starting materials along with the efficiency of the present alkenylation; alkynone O-methyloximes; terminal
strategy provides a new tool for the construction of alkynes

electrophilic species. As a consequence, the

development of expeditious and practical synthetic
route for the straightforward preparing these
polyfunctionalized isoxazoles are still challenging.

e ﬁ*g

Leflunomide
Vaidecoxib

SO,NH, /nhibitors of BET
bromodomains ~ OR

Q COzH
Me (0] N—
’>< Me MeO,C
~ N R
9 H 35S Me
N= H M. tubercuiosis CF3
Ph Oxacillin phosphatase PtpB inhibitor

Figure 1. Selected examples of biologically active
isoxazoles

In addition, transition-metal-catalyzed cascade
approaches has been established as a powerful and
efficient synthetic methodologies for the construction
of complicated molecules with maximum atom and
step economy.l' In this regard, great achievements
have been accomplished for the preparation of
diversely isoxazole derivatives via metal-catalyzed
cascade strategies of alkynyl oxime ethers (Scheme
la). Using this strategy, Miyata and co-workers
discovered an elegant method for the synthesis of
trisubstituted isoxazoles through gold-catalyzed
cyclization/ Claisen-type rearrangement process.['!
Subsequently, Ryu and co-workers developed an
unprecedented gold-catalyzed cascade
cyclization/fluorination of 2-alkynone O-
methyloximes for the synthesis of 4-fluoroisoxazole
derivatives in moderate to good yields under mild
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reaction conditions.'?l Along these lines, Zeni and
co-workers disclosed a iron-promoted intramolecular
cyclization of alkynone O-methyloximes with
diorganyl diselenides for synthesis of 4-
organoselenylisoxazoles.[**! Especially, Chen and co-
workers demonstrated a nice protocol of palladium-
catalyzed cascade cyclization/alkenylation  of
alkynone O-methyloximes with activated alkenes

(Scheme 1b).1 Despite the undisputable significance,

the direct and efficient synthetic methodologies to
construct  4-alkynylisoxazole  derivatives  with
excellent atom- and step-economy have not yet been
reported. Recently, we reported a straightforward
NHC-palladium-catalyzed cascade
annulation/alkynylation of 2-alkynylanilines with
terminal alkynes to afford 3-alkynylindoles in ionic
liquids.™ Very recently, we have also successfully
developed a palladium-catalyzed regioselective three-
component cascade bisthiolation of terminal alkynes
using ionic liquids as the additive.l*®! Inspired by the
aforementioned background and our long-standing
interest in Pd-catalyzed cross-coupling reactions in
ionic liquids,*™ herein we describe an efficient and
practical Pd-catalyzed  cascade  cyclization/
alkynylation and alkenylation of 2-alkynone O-
methyloximes with terminal alkynes (Scheme 1c).

(a) Transition metal-catalyzed cascade cyclization

/

5
—>
)\ [M] = [Au}[Ag)IFel G

R3= allyl, M FG tolerated: allyl, F, PhSe
(b) Palladium(ll)-catalyzed cascade cyclization/alkenylation

- OMe o PA(TFA), (10 mol%) 0 \ ,
J\ + \/\J\ CuCl, (2 equiv), Li,COj3 (2 equiv) N ISR

n-BuyNBr (1 equiv), NMP, 150 °C
R?

(c) This work: Palladium-catalyzed cyclization/alkynylation and alkenylation

R! '-_O.:

_OMe
N .0 1:
| + Chet)_— Pd(TFA), N\ p N4
R! A N4 fonic liquids, open air
N Solvent R FG
' FG tolerated: alkenyl, alkynyl

Scheme 1. Transition metal-catalyzed cascade cyclization
of alkynyl oxime ethers

Results and Discussion

In our preliminary experiments, O-methyl oxime
(1a) and 1-ethynyl-4-methoxybenzene (2a) were
selected as the model system to screen the optimal
conditions, and the results are summarized in Table 1.
Initially, several additives were examined, and we
found that nBusNI was the best additive for this
transformation (entries 1-5). Subsequently, different
palladium salts were examined (entries 5-11),
including Pd(OAc),, Pd(TFA)2,  Pd(PPh3).Cly,
Pd(MeCN).Cl., Pd(PhCN).Cl. and PdBr2, and readily
available Pd(TFA). exhibited efficient catalytic
activity (entry 7). Then, different solvents such as
DMSO, Toluene, DME, NMP, [Bmim]CI,
[C2O0HmMIM]CI, [C.0.mim]Cl were also investigated
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(entries 7, 12-18), and we found that [C,O,mim]CI
was the best solvent for this transformation.
Strikingly, when using 2 equiv [C20.mim]ClI as the
additive and DMSO as the solvent, the corresponding
product 3a was detected in 78% GC yield (entry 20).
It is noted that, when the reaction was performed at
80 °C, the desired product 3a was detected in 82%
GC yleld (entry 21). Furthermore, when activated 4A
molecular sieves (MS) was added to the mixture, the
desired product 3a was detected in 88% yield by GC-
MS (entry 23). Finally, the efficiency of this reaction
was not changed when dry DMSO was used (entry
24).

Table 1.Optimization of the reaction conditions [

Ph

OMe - \
- [Pd], Additives
Nl + ;Q—OMe _— x
)\ Solvent, air Ph 3a
X
1a

Ph OMe
Entry Catalyst Additive Solvent Yield/% !
1 PdCl, - DMF N.D.
2 PdCl, LiCl DMF N.D.
3 PdCl, LiBr DMF N.D.
4 PdCl, nBusNCI DMF N.D.
5 PdCl, nBusNI DMF 6
6 Pd(OAC), nBuNI DMF 15
7 PA(TFA), nBuNI DMF 43
8 Pd(PPha)zCIz nBU4N| DMF trace
9 Pd(MeCN)2Cl2 nBusNI DMF 9
10 Pd(PhCN)Cl2 nBusNI DMF 12
11 PdBr, nBusNI DMF 18
12 Pd(TFA), nBu;NI DMSO 48
13 Pd(TFA), nBusNI Toluene trace
14 Pd(TFA), nBusNI DME trace
15 Pd(TFA), nBusNI NMP 17
16 PA(TFA), nBu,NI [Bmim]ClI 26
17 PA(TFA), nBu,NI [C,OHmIm]CI 40
18 Pd(TFA)z nBuyNI [CzOzmlm]CI 73
19 Pd(TFA), - [C20.mim]ClI 73
20 Pd(TFA),  [C;0.mim]CI DMSO 78
210l Pd(TFA), [C20,mim]ClI DMSO 82
22[ Pd(TFA),  [C;0.mim]CI DMSO 79
231 PA(TFA), [C.0,mim]CI DMSO 88 (80)
240110 Pd(TFA), [C20,mim]ClI DMSO 88

[A Reactions were performed with 1a (0.10 mmol), 2a (0.12
mmol), catalyst (5 mol %), additive (2 equiv), solvent (1 mL)
under air at 60 °C for 8 h. DME: 1,2-dimethoxyethane. NMP:
N-methyl-2-pyrrolidone. [Bmim]Cl: 1-butyl-3-
methylimidazolium chloride. [C2OHmMim]CI: 1-hydroxyethyl-
3-methylimidazolium chloride. [C202mim]Cl: 1-
carboxymethyl-3-methylimidazolium chloride.

b1 Determined by GC using dodecane as the internal standard. N.
D. = not detected.

[T At 80 °C.

[4 At 100 °C.

[e] 25 mg 4A MS was used

[1Dry DMSO was added

Having established the optimum reaction
conditions, we next investigated the substrate scopes
and limitations of the present protocol.

This article is protected by copyright. All rights reserved.
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Representative results are summarized in Table 2.
Satisfactorily, both electron-donating and electron-
withdrawing substituents on the phenyl ring of
alkynes were well accommodated, generating the
desired products in moderate to good yields (3a-3i).
Gratifyingly, aryl alkynes with strong electron-
withdrawing groups, such as CF; and CO;Me groups,
were amenable to this transformation, and furnished
the expected products 3g and 3h in 70% and 62%
yields, respectively. More importantly, N, N-dimethyl
substituted aryl alkyne was well tolerated, and
afforded the desired product 3i in 79% vyield. As for
the synthetically attractive heteroaromatic alkyne,
such as 4-ethynylpyridine, could be successfully
converted into 3j in 83% yield. Prominently, various
structurally diverse aliphatic alkynes were compatible
with the current reaction conditions, furnishing the
corresponding products in satisfied yields (3k-30).

Table 2. Substrate scope of O-methyl oxime 1 with
alkynes derivatives [

N -0 R!
OMe Pd(TFA); (5 mol%) \ /
J— [C,0,mim]CI (2 equiv)
Ph” N T Al s \\
A

R R?

DMSO, 80 °C, air

R = 4-OMe, 3a, 85%;
R = 3-OMe, 3b, 81%;
R =2-OMe, 3¢, 83%; PN
R = 4-OFt, 3d, 86%;
R =4-0"CgHy4, 3e,81%; 39, 70%
R = 4-Cl, 3f, 77%;

X =CN, 3k, 65%;
X=0H, 3l, 73%;

R = Et, 3q, 84%;
R =Bu, 3r, 83%;

AN

OMe OMe

[al Reaction conditions: 1 (0.20 mmol), 2a (1.2 equiv), Pd(TFA)2
(5 mol %), 50 mg 4A MS, [C20.mim]CI (2 equiv) and DMSO (2
mL) at 80 °C for 8 h. Yields referred to isolated yield.

Noteworthy,  4-vinyl  substituted isoxazole
derivatives could be obtained in a similar reaction
conditions. We optimized the alkenylation of
alkynone O-methyloximes with terminal alkynes
reaction as follows: alkynone O-methyloximes 1
(0.20 mmol), terminal alkynes 2 (0.24 mmol),
Pd(TFA), (5 mol %), [C.0.mim]CI (0.4 mmol),
HOAc (1.5 mL) and DMF (0.5 mL) at 100 °C for 12
h.8 As illustrated in Table 3, the position of the
substituents on the phenyl ring has a very limited
effect on the reaction efficiency (4a-4k). The E-
configuration of the product 4a was confirmed
unambiguously by an X-ray crystallographic
analysis.l*®! Moreover, disubstituted substrates such
as 1-ethynyl-2,4-dimethylbenzene (1e) and 1,3-
dichloro-2-ethynylbenzene (1k) were also suitable
substrates, and the corresponding products 4e and 4k

10.1002/adsc.201800444

were obtained in 79% and 75% vyields, respectively.
Particularly, halo substituents, such as F, Cl, and Br,
were all nicely tolerated, thus providing the
possibility for further manipulation by transition
metal-catalyzed  coupling  reactions  (4f-4k).
Furthermore, aryl alkynes bearing strong electron-
withdrawing groups, such as trifluoromethyl, ester,
and aldehyde groups were also successfully
participated in the current cascade reaction, albeit
with somewhat reduced yields were observed (41-4n).
2-Ethynylnaphthalene proved to be amenable
substrate under the reported conditions, and provided
the target product 40 in 61% yield. Particularly
noteworthy was the functional group tolerance of this
protocol, such as 2-ethynylpyridine was also perfectly
accommodated, furnishing the corresponding product
4p in 68% yield. However, when 3-ethynylthiophene
was used as the substrate under the standard
conditions, only a complex mixtures was obtainec:
Unfortunately, aliphatic alkyne was not amenable to
this protocol and failed to convert to the desired
product 4r.

Table 3. Substrate scope of 1la with various aryl alkynes
derivatives [

o0_Pn
y-OMe Pd(TFA), (5 mol%) !
N

| 4 = _[C0mimicl@eaquy) Ny | PR
\an/, B T(Heth
PN = HoAGDMF @) 2ml ol ()

Ph 100 °C, under air
Ph -
N’;l/\ @ § 'O )
X _ _ CFa N
= 3o Q
o Ph 2N = AN
e N 1R
4a,81% - - Ph N
I

Ph Ph

Ph o 0
0 R = 4-F, 4f, 75%; N cl o
N | R = 3-Cl, 4g, 78%; N N

N R = 4-Cl, 4h, 79%;
P TR RIIEA s P e 70%

A =4-Br, 4j, fo; % CFy

0 Ph o_Ph
|
\. = N | _
: T o OO
40,61%
h
_

=4-Me, 4b, 86%;

= 4-'Bu, 4c, 83%;
=4-OMe, 4d, 76%;
=2,4-diMe, 4e, 79%;

DN D

4k, 75
.
P

o
N N>J/\/\©\
P
Ph
4m, 63% Co,Me 4n, 65%
0
|
N>\J/\/\/\

Ph
.|
=
CHO
P
|
i A\
Ph ar, ND

Ph
lo o "
N | N
= /N I \ =
Ph
Ph
4p,68% Xy 4q, mixtures S’

[al Reaction conditions: 1a (0.20 mmol), 2 (1.2 equiv), Pd(TFA)2
(5 mol %), [C202mim]CI (2 equiv), HOAc (1.5 mL) and DMF
(0.5 mL) at 100 °C for 12 h. Yields referred to isolated yield.

With the positive results above, the scopes and
limitations of alkynone O-methyloxime derivatives
were further investigated. The results are summarizec
in Table 4. Generally, aryl substituted (R®) alkynone
O-methyloximes with either an electron-donating or
electron-withdrawing group on the benzene ring were
well tolerated, delivering the desired products in
moderate to excellent yields (5a-5h). Additionally,
substrates containing three-, five- or six-membered-
ring-substituted aliphatic alkynes were good
candidates to deliver the corresponding products in
satisfactory yields (5i-5k). Similarly, linear chain
alkynes such as 1-pentyne, 1-hexyne, 3-methylbut-1-
yne,  but-3-yn-1-ylbenzene, and pent-4-yn-1-
ylbenzene were compatible with the optimized
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conditions, furnishing the expected products in
moderate to good vyields (51-50). Notably, the
heteroaromatic alkyne 2-ethynylthiophene could be
tolerated in this protocol, giving the expected product
5p in 73% yield. Gratifyingly, 2-ethynylnaphthalene
also proceeded smoothly to afford the corresponding
product 5q in satisfied yield. In addition, substituted
alkynone O-methyloxime derivatives bearing alkyl,
methoxyl, and halides groups survived the standard
conditions, producing the desired products in
synthetically useful yields (5r-5w). Satisfactorily,
several alkyl substituted O-methyloxime also proved
suitable for this transformation, giving the
corresponding products in moderate yields (5x-5z).

Table 4. Substrate scope of alkynone O-methyloximes 1
with 2j B
Pd(TFA), (5 mol%) o

.
__ _[Co0mimiCI @equiv) N )
J\ <:> HOAG/DMF (3:1), 2 mL
R

100 °C, under air cl

R = 4-Me, 5a, 80%;

R = 4-Et, 5b, 81%;

R = 4-1Bu, 5¢, 87%; 0 S

R=4"CHyy, 5, 90%; Ny | _ NG

R = 4-OFt, Se, 82%;

R = 2-F, 5, 73%; Ph

R = 4-Cl, 59, 75%; 1%, 5 n=1,5j,75%;
Cl R =4.Br, 5h, 78%; n =2, 8k, 76%;

° Ph
NG |
=
72%, 5m 79%, 5n 83%, 50

R =2-Me, 5r, 77%;
_ R =4-Me, 5s, 82%;
R = 4-Et, 5t 82%;
— R =4-OMe, 5u, 73%;
Cl R =3-OMe, 5v, 76%;
R =3-Cl, 5w, 70%;

66%, 5q

76%, 5x 70%, 5y m

[ Reaction condltlons. 1 (0.20 mmol), 2j (1.2 equiv), Pd(TFA)2
(5 mol %), [C202mim]CI (2 equiv), HOAc (1.5 mL) and DMF
(0.5 mL) at 100 °C for 12 h. Yields referred to isolated yield.

Satisfactorily, styryl substituted O-methyloxime
framework (1ba) was well tolerable under the
optimized conditions, furnishing functionalized
isoxazole 5ba in 58% yield (Scheme 2, eq 1). Double
alkyl substituted O-methyloxime, such as 1,3-
dicyclohexylprop-2-yn-1-one O-methyl oxime (1bb),
could also be applied for this reaction to give the
desired product 5bb in 64% yield (Scheme 2 eq 2).

Pd(TFA), (5 mol%) N' \

NS
[C,0,mim]CI (2 equiv) =
Ph + CI—< >——— T (U]
HOAC/DMF (3:1), 2 mL —

100°C, underair P Sba, 58% c

,OMe Pd(TFA), (5 mol%)

( ) _ [CZOlem]CI (2 equiv)
HOAC/DMF (3:1), 2 mL

1bb 100 °C, under air

Sbb, 64%

Scheme 2. Palladium-catalyzed cascade cyclization/
alkenylation for the synthesis of 5ba and 5bb

Additionally, we turned our attention to the
influence of OR of alkynone oxime ethers for the
cascade cyclization/alkynylation ~ (Scheme  3).

10.1002/adsc.201800444

Examination of various R revealed that methyl is well
tolerated to afford the corresponding 3a in 88% yield.
For other substituents of alkynone oxime ethers with
low vyields, the major byproduct was 3,5-
diphenylisoxazole (7), which was generated via the
direct protonolysis of C(sp?)- palladlum species.

_OR Pd(TFA), (5 mol%)

(o]
[C,0,mim]CI (2 equiv)

N\ ) Ph N* ) Ph
\
T OMSO 80 ar Ph)‘< * Ph)_—z/
i H
. \ 3a \ 7
Ph A

N
‘ + =—FPh
Ph)\ 2a DMSO, 80 °C, air
Ph

o

trace 93%

R=H,

R =Ac, 17% 86%
R =Bn, 31% 68%
R =Me, 88% 5%

Scheme 3. Evaluating different substituents of alkynone
oximes

To demonstrate the efficiency and practicability of
this methodology, a gram-scale synthesis of 4a was
performed, as shown in Scheme 4. The reaction of
117 g of alkynone O-methyloxime 1l1a witii
ethynylbenzene in the presence of 5 mol % Pd(TFA)
catalyst provided 1.23g of the corresponding 4-vinyl
substituted isoxazole 4a in 76% vyield.

Ph

_OMe Pd(TFA); (5 mol%) '0

NI b — e [C,0,mim]CI (2 equiv) N?l/ﬂ
Ph _ HOAC/DMF (3:1), 5 mL Ph

1a A Ph 100 °C, under air Ph 4a, 76%

5 mmol
Scheme 4. Scale-up synthesis of 4a

In addition, to gain some insight into the
mechanism of this cascade protocol, two contro

experiments have been also conducted (Scheme 5).
When 3,5-diphenylisoxazole (8) was employed te
react with ethynylbenzene under the standard
conditions, unfortunately, no desired product 4a was
detected by GC-MS (eq 1). Similarly, when 4-chloro-
3,5-diphenylisoxazole (9) was subjected to the same
reaction conditions, no desired product was observed
as well (eq 2). All of these results described above
indicated that neither 8 nor 9 was a possible
intermediate in this current chemical transformation.

o ‘ Pd(TFA), (5 mol%) N,O ‘
N ) ’
\ [C20,mim]ClI (2 equiv) \
y + =—pn A e ()

HOAC/DMF (3:1), 2 mL
100 °C, under air

0 Pd(TFA), (5 mol%) 0
NG o+ = (C,0omimICl 2 equiv) N | _ @
HOAG/DMF (3:1), 2 mL Ph

100 °C, under air

Scheme 5. Control Experiments

Based on the above experiments, a plausible
reaction mechanism is proposed in Scheme 6. The
left pathway is initiated by trans-oxypalladation of
alkynone  O-methyloximes (1), generating an
oxonium intermediate 1.2 41 Subsequently, 1 could
undergo the elimination of methyl chloride.*3 4
Simultaneously, in a weak acidity reaction medium,
the terminal alkynes coordinate with C(sp?)-

4
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palladium species affords intermediate 11.2% Finally,
a reductive elimination gives the target products 3
and Pd(0). The oxidation of Pd(0) to Pd(ll) by air
completes the catalytic cycle.” For the right
pathway, intermediate 11l may undergo alkynes
insertion to generate vinylpalladium intermediate
IV.[22 Then, protonolysis of vinylpalladium species
IV gives the desired products 4 and 5 in the presence
of an acid (HOAc) with regeneration of the
palladium(ll) species to complete the catalytic cycle.
(231 Thus, all these observations indicated that the
acidity of the reaction medium plays an important
role for the reaction selectivity control for this type of
cascade cyclization.

R | Pd'(TFA)

)
"
\ 3 Me
N Y
‘\/ R \\ N
o~ WAE
N R? )'_2/
WAy TFA . R" | pdirra) O
R! n \ Pd()
, \O] MeCl
R TFA
o, ; 4
= R? N)’_Z/®
- _OMe \
N‘ PA(TFA), i "
Pd(TFA)
MeCl |
ci Ye o e )
0% (uall: (ol
N’ @ sors \HOAC N,o/ = R?
s N
} Pd
R v =
R2

Scheme 6. Proposed mechanism

Conclusion

In conclusion, we have successfully accomplished
an alternative and efficient approach for the synthesis
of 4-alkynylation and 4-alkenylation isoxazole
derivatives  via  palladium-catalyzed cascade
cyclization of alkynone O-methyloximes with
terminal alkynes. The acidic ionic liquid
[C20.mim]ClI as additive makes this transformation
green and high efficiency. Moreover, the present
methodology demonstrates excellent functional group
compatibility, excellent atom- and step-economy, and
mild reaction conditions. Notably, this synthetic
protocol provides a new tool for the construction of
diversely isoxazole derivatives, becoming a
promising  application in  synthetic  and
pharmaceutical chemistry.

Experimental Section

All reagents and catalysts were purchased as analytical
reagent %rade and used without further purification. *H and
BBC'NMR spectra were recorded using a Bruker DRX-400
spectrometer using CDCIs or Acetone-ds as solvent and

MS as an internal standard. The chemical shifts are
referenced to signals at 7.26 and 77.0 ppm, respectively.
GC analyses were performed on a GC-7900
chromatograph with an FID and equipped with an AT.SE-
30 capillary column (internal diameter: 0.32 mm, length:
30 m). Mass spectra were recorded on a Thermo Scientific

10.1002/adsc.201800444

1SQ gas chromatogr@ah-mass spectrometer at an ionization
voltage of 70 eV and equipped with a DB-WAX capillary
column (internal diameter: 0.25 mm, length: 30 m). The
data of HRMS was carried out on a high-resolution mass
spectrometer (LCMS-IT-TOF). IR spectra were recorded
in KBr disks with a Bruker TENSOR 27 spectrometer.
Melting points were determined with a Biichi Melting
Point B-545 instrument.

leﬁpical_ procedure for the preparation of 4-
alkynylisoxazoles: A mixture of O-methyl oxime 1 (0.20
mmol), Pd(TFA)2 (5 mol %), [C.0.mim]CI (2.0 equiv),
and DMSO (2 mL) was added to an Schlenk tube eqlulpped
with a stir-bar. Then, terminal alkynes (0.24 mmol) were
quickly added to the tube under air atmosphere and stirred
at 80 °C for 8 h. After the reaction was finished, the
mixture was _(It]uenched by water and extracted with CH2Cl>
three times. The combined organic layers were dried over
anhydrous Na;SO, and evaporated under vacuum. The
residue was purified by flash column chromatography on
silica gel (hexanes/ethyl acetate) to afford the desired
products 3.

3a): Yield: 8 as a yellow solid; mp = 115.2 -
16.5 °C; *H NMR (400 MHz, CDCl3) 6 8.27 (d, J =7.6
Hz, 2H), 8.14 (dd, J = 6.8, 2.8 Hz, 2H), 7.59 - 7.42 (m, 8H),
6.90 fd, J =8.8 Hz, 2H), 3.83 (s, 3H); **C NMR (100 MHz,
CDCIs) ¢ 169.5, 162.5, 160.1, 132.9, 130.7, 130.2, 128.9,
128.7,127.9, 127.5, 126.4, 114.9, 114.3, 97.7, 96.6, 78.4,
55.4 ppm; vmax(KBr)/cm? 3058, 2927, 2217, 1605, 1505,
1247, 691; MS (El) m/z 77, 105, 176, 220, 246, 309, 337,
351; HRMS-ESI m/zf: calcd for CpsH17NNaO2, [M+Na]*:
374.1151, found 374.1155.

4—(§4—Methox%/&heggf%)%gg/nyl)-3,5-diphen lisoxazole

4-( 3-M_ethoxyphen%lgethynyl)-3,5-diphenylisoxazole
§I_3b : Yield: 81% (56. nh}?) as a yellow solid; mp = 77.5 -
8.7 °C; 'H NMR (400 MHz, CDCls) ¢ 8.27 (dd, J = 8.0,
1.6 Hz, 2H), 8.14 (dd, J = 6.8, 3.2 Hz, 2H), 7.58 - 7.47 (m.
6H), 7.30 (t, J = 8.0 Hz, 1H), 7.13 (d, J = 7.6 Hz, 1H), 7.0%
d, J=2.4Hz, 1H), 6.94 (dd, J = 8.4, 2.4 Hz, 1H), 3.83 g
H); **C NMR (100 MHz, CDCls) ¢ 170.0, 162.6, 159.
130.8, 130.2, 129.7, 128.9, 128.7, 128.5, 127.9, 127.3,
126.5, 123.9, 123.7, 116.6, 115.1, 97.3, 96.4, 79.6, 55.4
ppm; vmax(KBr)/cm'i 3060, 2924, 2214, 1646, 1579, 1451,
686; MS (EIl) m/z 77, 105, 176, 220, 246, 283, 351,
HRMS-ESI (m/z). calcd for CaHi7NNaO,, [M+Na]*:
374.1151, found 374.1155.

4—(82—M_ethoxyphen I\)gethynyl)—S,S-diphenylisoxazole
3c): Yield: 83% (58.3 mg) as a yellow solid; mp = 85.3 -
6.8 °C; *H NMR (400 MHz, CDCl;) 6 8.40 (;1 J=7.2 Hz,
2H), 8.25 (dd, J = 6.8, 2.8 Hz, 2H), 7.58 - 7.48 (m, 6H),
7.45 (dd, J = 7.6, 1.2 Hz, 1H), 7.35 (dd, J = 11.6, 4.4 Hz,
1H), 6.95 (dd, J = 14.2, 7.6 Hz, 2H), 3.96 (s, SH%; 13C
NMR (100 MHz, CDCls) ¢ 169.7, 162.3, 160.4, 132.8,
130.6, 130.2, 130.1, 128.8, 128.6, 128.6, 128.0, 127.4,
126.5, 120.6, 112.2, 110.7, 97.7, 93.6, 83.7, 55.8 ffm;
vmax(KBr)/cm? 3059, 2923, 2210, 1646, 1584, 1452, 1249,
697; MS (El) m/z 77. 105, 191, 219, 246, 322, 351,
HRMS-ESI (m/z): calcd for CyHi7NNaO,, [M+Na]*:
374.1151, found 374.1148.

4-((4-Ethoxyphenyl)ethynyl)-3,5-diphenylisoxazole (3d):
Yield: 86% (62.8 mg) as a yellow solid; m;) = 1074 -
108.8 °C; *H NMR (400 MHz, CDCls) 6 8.27 (d, J = 6.8
Hz, 2H), 8.14 (dd, J = 6.8, 3.0 Hz, 2H), 7.60 - 7.48 (m, 6H),
7.45 (d, J = 8.8 Hz, 2H), 6.89 (d, J = 8.8 Hz, 2H), 4.05 %%
J'= 7.2 Hz, 2H), 1.43 (t, J = 7.6 Hz, 3H); °C NMR (1
MHz, CDCls) o 169.5, 162.5, 159.5, 132.9, 130.6, 130.2,
128.9, 128.7,127.9, 127.5, 126.4, 114.8, 114.7, 97.7, 96.7,
78.3, 63.7, 14.7 ppm; vma(KBr)/cm?* 3053, 2921, 2216,
1606, 1503, 1450, 1250, 689; MS gEI) m/z 77, 105, 206,
234, 281, 336, 368; HRMS-ESI (m/z): calcd for
CzsH1sNNaO,, [M+Na]*: 388.1308, found 388.1310.

4-((4-(Pentyloxy)phenyl)ethynyl)-3,5-diphenylisoxazole
(3&3: g(ield?Sl%)?GSByngg) a)é g&ellow sglid;¥np =941 -

5
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95.2°C, 'H NMR (400 MHz, CDCls) § 8.27 (d, J = 6.
,8.15 (dd, J = 6.4, 2.8 Hz, 2H), 7.51 (it, 7= 8.0, 4.
745 (d, J = 8.8 Hz, 2H), 689(d J:88Hz
gJ 68Hz 2H), 1.90 - 1.72 (m, 2H), 1.51 - 1. S

94 (t, J = 7.2 HZ, 3H); C NMR (1 OMHz cDC 7)

5 1695 162.5, 159.7, 132.9, 130.6, 130.2, 128.9, 128.

127.9, 1275, 126.4, 114.8, 1146, 97.7, 96.7, 78.3, 68.2.

28.9, 28.2, 22.5, 14.0 ppm; vm(KBn)/cm 3061, 2930,

2218, 1604, 1510, 1467, 1250, 690; MS (EI) m/z 115, 167,

210, 228, 300, 334, 407; HRMS-ESI (m/z% calcd for

CasH2sNO2, [M+H]*: 408.1958, found 408.195

8 Hz,
2 Hz,
2H),
34 (m

Yield 4? as a yellow soli

110.5 °C; *H NMR ( OMHz CDCI3)6824 (dd J=8.0,
1.6 Hz, 2H ), 8.11 (dd, J = 6.8, 3.0 Hz, 2H), 7.58 - 7 49£
6H), 7.44 d J=8.4 Hz, 2H), 7.36 (d, J = 8.4 Hz, 2H); 3¢
NMR (10 MHz CDCI3 1702 162.6, 13450 132.6,
130.9, 1303 1290 128.9, 1287 1286 127.9, 127.3,
126.5, 121.2, 97.1, 952 80.8 ppm; VmangBr)/le 3061,
2919, 2210, 16415 1486, 1408, 687; MS 3gm/z 77, 105,

4-((4- Chloroirllenyl)ethynyl) -3, 5 -diphe gllsoxazoleo (%f)

189, 207, . 355; 'HRMS-ESI (m/z calcd ~ for
C23H1,CINNaO, [M+Na]*: 378.0656, found 378.0660.

3,5-Diphenyl-4-((4-(trifluoromethyl)phenyl)ethynyl)-
isoxazole ( g% Yield: 70% (54.5 mg R/Ias a yellow solid;
mp = 105.1 - 106.8 °C; H NMR (400 DCls) 6 8.24
dd J =178, 20 Hz, 2H 810(dd J = 6.8, 3.0 Hz, 2H),
q, J = 8.8 Hz, 4H), 7.57 - 7.50 (m, 6H): 1°C NM
100 Hz CDCly) ¢ 170.6, 162.7, 131.6, 131.1, 130.4,
29.0, 128.9, 128.8, 128.4 (q, J = 32.8 Hz), 128.3, 127.9,
127.1,126.5, 125.5 (q, J = 3.8 Hz), 125.1 (4, J = 253.9 Hz),
96.8, 94.8, 82.3 ppm; vma(KBr /cml 3056, 2922, 2216,
1604 1495 1446, 1406, 691, gEI) m/z 77 105 189,
258, 284, 370, 389; HRMS-ESI (m/z): calcd ~for
CasHisFsNO, [M+H]+ 390.1100, found 390 104.

Methx{l 4-((3,5-di henyllsoxazol -4-yl)et dynyl)benzoate
gSh) ield: 62% &4 N}a ellow solid; mp = 148.5 -
49.8 °C; 'H NMR (400 MH DCls) 5 8.26 dd J=8.0,
1.6 Hz, 2H) 8.11 dd J=6.8, 30Hz ZH; 8.0 d J=84
Hz, 2H 7.64 - 7.49 (m, 8H), 3.94 (s, 3H); 3C MR(lOO
MHz DCI3) 0 170. 1664 162.6, 131.2, 131.0, 130.4,
130. 1 129.7, 129.0, 1287 1284 1279 127.3, 127.2,
126.6, 96.9, 955 828 523 ppm; Vmax(KBr)/le 3052,
2922, 2217, 1640 1407 1275, 691; MS (El) m/z 65, 91,
129, 188, 281 341 379 HRMS-ESI (m/z2): caled for
C25H17NN8.03, [M+Na]+ 402. 1101, found 402.1109.

(ﬁS ,5-Diphenylisoxazol-4- yl)ethyn I)-N, N-dimethyl-
aniline §3|) Yield: 79% §7 ) as agellow solid; mp =
142.7 - 144.2 °C; *H NMR (400 DCI6) 5 8.29 d,J
= 7.2 Hz, 2H), 8.18 (d, J-76 Hz 2H), 7.60 - 7.44 (m,
6H), 7.40 (d, J = 8.8 Hz, 2H), 6.67 (d, J'= 8.8 Hz, 21H),
2.98 (s, 6H); °C NMR (100 MHz, CDCls) 5 168.9, 162.4,
150.5, 133.7, 132.6, 130.4, 130.1, 128.8, 128.6, 127.9,
127.6, 1263, 111.9, 109.4, 98.2, 98.0, 77.6, 402{32pm;
Vmax(KBr)/le3062 2921, 2209, 1607, 1521, 1446, 1235
694: MS (EI) m/z 77, 105, 231, 280, 364; HRMS-ESI
g@éz%gflcd for CasH1N20, [M+H]+ 365.1648, Found

3,5-Diphenyl-4- yr|d|n -4-yleth nyl)lsoxazole 3)):
Yield: 83% (53. as a yel ?(I)W solid; m g
147.9 °C; 'H NMR (400 MHz CDCls) 6 8.6 d J =40
Hz, 2H), 8.23 (dd, J = 7.6, 2.4 Hz, 2H), 8.13 - 7. g , 2H),
756 ddd, J = 9.2, 6.4, 4.0 Hz, 6H), 738 (d, J = 5.6 Hz,
3C NMR (100 MHz, CDCl3) § 171. 1 162.7, 149.8,
13 '3, 131.0, 130.5, 129.0, 128.8, 128.2, 127.9, 126.9,
126.6, 125.2, 96.4, 93.4, 84.8 ppm; vmex(KBr)/cm™ 3057,
2922, 2217, 1654, 1575, 1408, 696; MS (El) m/z 77, 105,
135, 207, 281, 322; HRMS-ESI (m/z): caled ~ for
C22H15N20, [M+H]+: 323.1179, found 323.1180.

6-(3,5- Dlg)hen lisoxazol-4- yIRhex -5-ynenitrile (3k):
Yield: 65% (40.6 mg) as a yellow oil; *H NMR (400 MHz,
CDCls) 6 8.16 (d, J = 7.6 Hz, 2H), 8.01 (dd, J = 6.8, 2.4 Hz,
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2H), 7.62 - 7.41 (m. 6H), 272 (1 = 6.8 Hz, 2H). 2.48 (1,3
2 Hz, 2H), 1.97 (p, J = 7.2 Hz, 2H); 1C NMR (100
MHz, CDCls) ¢ 170.0, 162.9, 130.8, 130.3, 1289 128.7,
128.5, 127.8, 127.3, 126.3, 118.8, 97.2, 94.5, 72.8, 24.3,
18.9, 16.2 ppm; vmu(KBr)/cm™ 3054, 2923, 2215, 1639,
1540, 1404, 1267, 686; MS (EI) m/z 77, 105, 152, 207,
258, 284, 312; HRMS-ESI (m/z): calcd for CoiHisNoNaO,
[M+Na]*: 335.1155, found 335.1159.

gS 5-Diphenylisoxazol-4-yl)pent-4-yn-1-ol (SI()) Yield:
44.2 mg) as a yellow oil; *H NMR (400 MHz,
CDCI3 5819 d,J=7.2 Hz, 2H), 8.05 (dd, J 64 2.8 Hz,
2H_/)755 43 (m, 6H)379(tJ 64Hz KI264StJ
2 Hz 2H) 1.90 (p, J = 6.8 Hz, 2H);
MHz, CDCls) s 169.6, 162.8, 130.6, 13 1 1288 1286
128.6, 127.8, 127.4, 126.2, 97.7, 97.1, 71.2, 615, 31.2,
16.4 ppm; vmax(KBr)/cm 3064, 2930, 2214, 1639, 1444,
1407, 1260, 688; M (El) m/z 77,105, 219, 246, 274, 303;
HRMS-ESI (m/z) calcd for CaoHi7NNaOy, [M+Na\]+
326.1151, found 326.1155.

-(3-Methoxyprop-1-yn-1-yl)-3,5-diphenylisoxazole

gSrg) Yield: 77% (44.5 mg) as agellow solid; mp = 68.0 -
°C: TH NMR (400 MHz, CDCls) 6 8.24 - 8.15 (m, 2H),
805 dd, J=6.4, 2.8 Hz, 2H) 7.63 - 7.44 (m, 6H), 440(s
45 (s, 3H); °C NMR (100 MHz, CDCls) § 170.6,
16 '8, 130.9, 130.2, 128.9, 128.7, 128.4, 127.8, 127.2
126.4, 96.7, 92.7, 76.8, 60.6, 57.9 ggm vimax(KBr)/cm?
3066, 2923, 2214, 1562, 1445, 1090, 690; MS (EI) m/z 77,
105, 153, 184, 230, 258, 289; HRMS-ESI (m/z) calcd for

CioH1sNNaOy, [M+Na]+ 312.0995, found 312.0996.

4-(3,5- D| henylisoxazol-4-yl)-2-methylbut-3-yn-2-ol
(SW Yled 75% (45.4 mg? as a yellow oil; *H' NMR (400

z, CDCls) 5818 (dd 7.6, 2.0 Hz, 2H)812 .93
(m, 2H 756 743 (m, 6H), 2.02 (s, 1H), 1.66 (s, 6H):
3C NMR (100 MHz, DC|3 51701 1626 130.8, 130.
128.8, 1286 128.4, 1278 1272 1263 1011 967 729
65.9, 31.1 ppm: vma(KBr)icm 3062, 2923, 2226, 1560.
1445 1414, 1096, 696; MS (EI) m/z 77, 105 166 246,
288, 303; HRMS-ESI (m/z): calcd for ConlgNoz,
[M+H]*: 304.1332, found 304.1335.

5-(3,5-Diphenylisoxazol-4-yl)- 3 methyl ent—l—en-4- n-
3-ol (30): Yield: 72% (45.3 mg) as a yellow oil; *H NMKk
400 MHz, CDCls) 6 818 dd, J = 6.4, 3.0 Hz, 2H) 8.05
dd, J = 6.8, 3.0 Hz, 2H), 7.60 - 736(m 6H)607(dd J=
7.2, 10.4 Hz, 1H), 5.5 (d J=17.2 Hz, 1H 519(d,J=
10.4'Hz, 1H), 2.29 (s, 1H), 1.70 (s, 3H); *C NMR (100
MHz, CDCIa) § 1704, 16 '6, 141.5, 130.9, 130.3, 128.9.
128.6, 128.3, 127.8, 127.1, 126.4, 114.2, 98.4, 96.6, 75.3,
69.0, 29.8 ppm; Vmax(KBr)/le 3064, 2926, 2220, 1562,
1446, 1406, 1098, 699; MS (ED m/z 77, 105, 141, 165,
210, 272, 300, 315; HRMS-ESI (m/z) calcd ~ for
Ca1H1sNO3, [M+H]+ 316.1332, found 316.1337.

4-((3- Methoxgphe %eth nyl)-3-phenyl-5-(thiophen-2-

yl)lsoxazole( 5% (53.6 mg) as a yellow solid;

mp =79.7 °C 1H NMR (400 MHz, CDCl3) 5 8.28 (d,
J=2.8Hz, 1H) 8.14 (dd, J = 6.4, 3.0 Hz, 2H), 7.87 (d, J =
5.2 Hz, 1H), 7.56 - 7.49 (m, 3H), 7.47 (dd, J = 5.2, 3.0 Hz,
1H), 7.30 (t, J = 8.0 Hz, 1H), 7.14 (d, J = 7.6 Hz, 1H), 7.06
(s, 1H), 6.95 (dd, J = 8.4, 2.4 Hz, 1H), 384és 3H B¢
NMR (100 MHz, CDCls) & 167.1, 162.1, 159.5, 130.3,
129.7, 128.7, 1285, 1285, 127.8, 126.7, 126. 1 1254,
124.0, 123.7, 116.6, 115.1, 96.5, 96.4, 79.4, 554{)é)m;
vma(KBR/cm™ 3062, 2924, 2222, 1581, 1449, 1413, 1092

687; MS (EI) m/z 73, 111, 186, 207, 281, 328, 357;

HRMS-ESI (m/2): calcd for CoyHigNOSS, [M+H]*

358.0896, found 358.0899.

5-(4-Ethylphenyl)-4-((3-methoxyphenyl)ethynyl)-3-
phenylisoxazole 2?\% Yield: 84% (63.7 m yas a yellow
oil; *H NMR (400 z, CDCl; 5818dJ 8.0 zZH,
8.14 (dd, J = 6.8, 3.0 Hz, 2H), 7.60 - 7.46 (m, 3H), 7.36

J = 8.4 Hz, 2H), 7.29 (t, J = 8.0 Hz, 1H), 7.13 (d, J =
Hz, 1H), 7.04 (s, 1H), 6.93 (dd, J = 8.4, 2.4 Hz, 1H), 382
(s, 3H), 2.72 (q, J = 7.6 Hz, 2H), 1.28 (t, J = 7.6 Hz, 3H);
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BC NMRélOO MHz, CDCl3) ¢ 170.3, 162.5, 159.5, 147.5,
130.2, 129.7, 128.7, 128.6, 128.4, 127. 9, 126.5, 124.9,
123.9, 123.8, 116.6, 115.0, 96.7, 962 798 554 29.0,
15.3 ppm; vmax(KBr /cmt 3062 2927 2217 1674, 1584,
1450, 1413, 1042, 690; MS (EI) m/z 77, 105 133 189,
207, 248, 307, 379; HRMS-ESI (m/z calcd ~ for
Co6H2oNOy, [M+H]+Z 380.1645, found 380.1 47

5 (4-(tert- Butyl)phenyl) 4-((3-methox phenyl)ethynyl)
PhenKlllsoxazole (3r): Yleﬁd 83% (6 \7/6 mg) as a yellow
oi

MR (400 MHZ, CDCls) 0 8. 1(dJ 84 z, 2H),
8.14 (dd, J = 6.4, 3.0 Hz, 2H), 7.56 (d, J = 8.4 Hz, 2H),
751 dd J =52 1.8 Hz, 3H), 7.30 (t. J = 8.0 Hz, 1H),

7.14(d, J = 7.6 Hz, 1H), 70631H)694 dd, J=8.4, 24
Hz, 1H), 3.83 Ss 3H), 137%5 13C NMR (100 MHz,
CDCI3 0 170.2, 162.5, 159 4, 130.2, 129.7, 128.7,
128.6, 127.9, 126.3, 125.9, 1246 124.0, 123.9, 116.6,
115.0, 96.7, 96.2, 79.8, 554, 351 31.2 féom;
Vmax(KBr)/le3063 2928, 2211, 1583, 1461, 1411, 1040
691; E? miz 73, 135, 207, 282, 343, 372, 407;
HRMS ESI m/z): calcd for CasHzsNNaO», [M+Na]+
430.1778, found 430.1773.

Tr\{( pical procedure for the preparation of 4-
enylisoxazoles: A mixture of O-methyl oxime 1
(0.20 mmol), Pd TFA; (5 mol %), [C.O,mim]CI (2.0
equiv), HO c (1. and DMSO (0.5 mL) was added
to an Schlenk tube equlpped with a stir-bar. Then, terminal
alkynes (0.24 mmol) were quickly added to the tube under
air atmosphere and stirred at 100 °C for 12 h. After the
reaction was finished, the mixture was quenched by water
and extracted with CH.Cl, three times. The combined
organic layers were dried over anhydrous Na»SO. and
evaporated under vacuum. The residue was purified by
flash column chromatography on silica gel éhexanes/ethyl
acetate) to afford the desired products 4 and
-3,5- Dlphenyl -4- styryllsoxazole 4a): Yield: 81%
3 ) as a yellow solid; mp é ,)i 163.6 °C; H
NMR 4 0 MHz, CDCI)5783 dd J=7.6,1.6 Hz, 2H)

7.70 (dd, J = 6.4, 2.4 Hz, ZH% 7 - 7.45 (m, 6H), 7.35-
7.28m4|—|1? 725(dd J=10.8, 6.4 Hz, 1H '6.97 (d, J =
16.8 6.65 (d, J = 16.8 Hz, 1H) C NM (100

MHz, CDCI3) ) 166 l 162.3, 136. 9 134.4, 130.1, 129.6,
129. 5 129.0, 128.9, 128. 8, 128. 7, 128.3, 128.1, 127.7,
126.3, 115.9, 112.4 ppm; vmax(KBr)lcm 3058, 2923, 1579,
1450, 1408, 694 MS SEI) m/z 77, 105, 207, 246 294 306,
323; HRMS-ESI (m/z): calcd for CasHi7NNaO, [M+Na]+
346.1202, found 346.1197.

(E)-4-(4-Methylstyryl)-3,5-diphenylisoxazole §4b)
Yield: 86% (57.9 mg) as a yellow solid; mp = 121.6
123.2 °C; *H NMR (400 MHz, CDCls) 5783 (dd J=8.0
1.6 Hz, 2H) 7.72 - 66(m 2H) 7.55-7.41 (m, 6H), 7.2
d, J=8.0 Hz, 2H), 7.12 (d, J = 8.0 Hz, 2H), 6.92 (d, J =
6.8 Hz, 1H), 662 (d, J-168 Hz, 1H), 2.33 (s, 3H); °C
NMR 100 MHz, DCI3 5 165.8, 162.3, 138.1, 134.3,
134.1, 1300 129.6, 1294 129.2, 128.9, 128.9, 128.7,
128.4. 127.6,126.3, 114.9, 112.5, 21.2 ppm; Vmax(KBr)/Cm
13052, 2922, 1577, 1493, 1448, 1268, 696: MS (EI) m/z
77, 105, 128, 217, 260, 308, 337; HRMS-ESI (m/z): calcd
for CzsH1sNNaO, [M+Na]+ 360.1359, found 360.1352.

(E)-4-(4-(tert-Butyl)styryl)-3,5- dlphenyllsoxazole (4c):
Yield: 83% (62.9 mgg as a yellow solid; mp = 119.3 -
120.7 °C; *H NMR (400 MHZz, CDCI)5784(dd J=8
1.6 Hz, 2H 7.71 (dd, J = 6.4, 3.0 Hz, ZHR 754-74 $_|
6H), 7.35 (d, J = 8.4 Hz, 2H), 7.27 (d, J' = 8.4 Hz,

6.94 (d, J—168Hz 1H), 6.64 (d, J = 16.8 Hz, 1H) 1.3

s, 9H); 3C NMR (100 Hz, CDCI3)51658 1623 1514
34, 2, 134.1, 129.9, 129.6, 129.5, 128.9, 128.8, 128. 7
128.3, 127.6, 126.1, 125.7, 1151 1125 347 313 ppm
Vmax(KBr)/le 3054 2927 1578, 1495, 1450 1027, 96
MS (El) m/z 77, 105 210 271 322, 379; HRMS ESI
Srgéz%stzzglcd for Cz7H25NNaO [M+Na]+ 402. 1828, found
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4d):
Yield; 76% (53.6 mg) as a yellow solid; mp = 6

81.8 °C; 'H NMR (400 MHz, CDCls 5784(dd J=8.0,
1.6 Hz, 2H), 7.77 - 7.66 (m, 2H)75 - 7.43 (m, 6H), 7.25
{1 J = 4.8 Hz, 2H), 6.84 (dd, J = 12.6, 10.2 Hz, 3H), 6.59

(E)-4-(4- Methoxystyrél) -3,5-diphenylisoxazole

d. J = 16.8 Hz, 1H), 3.80 (5, 3H); °C NMR (100 MHz,
DCls) 6 165.6, 162.3, 159 1 133)9, 129.9, 129.7, 129.6,
129.5,128.9, 128.9, 128.7, 128.4, 127.6, 114.2, 1136,
112.6, 55.4 ppm; vmax(KBr)lcm™ 3050, 2922, 1603, 1508,
14481249, 696; MS (EI) m/z 77, 105, 145, 207, 276, 353;
HRMS-ESI (m/z) calcd for CasHisNNaO, [M+Na]+
376.1308, found 376.1300.

(E)-4-(2,4-Dimethylstyryl)-3,5- dlphenyllsoxazole ﬁ4e)
Yield: 79% (55.5 m é/ as a yellow solid;
135.4 °C; *H NMR 0 MHz, CDCI3)5784 dd J 8.0,
1.6 Hz, 2H), 7.69 dd J=6.4,3.0 Hz, 2H3 7.55-7.44 (m,
6H)741dJ 6 Hz, 1H), 6.99 —80Hzl)
693 (s 1H), 6.84 (s, 2H), 2. 9&5 3H) 1.98 (s, 3H); ©°C
R (100 MHz, CDCls) 7, 162.4, 137.9, 135.8,
1330 131.9, 131.3, 1300 129.7, 129.5, 129.0, 128.9,
128.8, 128.4,127.6, 127.0, 124.8, 115.7, 113.0, 21.1, 19.4
ppm Vmax(KBr)/cm™ 3053, 2922, 1605, 1499, 1448, 1252,
1029, 696; MS sEI) m/z 77, 105, 143, 231 274 322 351;
HRMS-ESI (m/z): calcd for CasH2:NNaO, [M+Na1]+
374.1515, found 374.1517.

g/_ g Fluorostyryl) -3,5-diphenylisoxazole (4f): Yield:
5% (51.2 m ) as a yellow solid; mp = 133.0 - 134.5 °C;
H NMR 40 MHz, CDCI 6782 dd J =18.0, 1.6 Hz,
2H), 7.76 - 762m2H 7.50 (ddd, J—102 5.2, 3.2 Hz,
6H), 7.28 ( J—28 Z, 1H) 7.25 (d, J =52 Hz, lH)
7.06 - 696m 688dJ 16.8 Hz, 1H), 6.60 (d, J
16.8 Hz, 1H); 13C IMR 100 MHz, CDCI3) 164.9 d,J:
226.9 Hz), 162.3, 1614 133.1 (d J = 3.3 Hz), 133.0,
130.1, 129.7, 1295, 128.9, 128.9 (d J =23.0 Hz), 128.2,
1279(d J= 80Hz) 1276 115.8, 115.6 (d, J = 2.4 Hz),
115.6, 112.3 ppm; Vmax KBr)/cm 13055, 2923, 1600, 1504,
1448, 1228, 697; MS( 1) m/z 77, 105, 133, 207, 264, 312,
341; HRMS-ES| (m/z): calcd for CzsH16FNNaO, [M+Na]+
364.1108, found 364.1109.

(E)-4-(3-Chlorostyryl)-3,5- dlphenyllsoxazole §4g)
Yield: 78% (55.7 mg) as a yellow solid; mg =11
1198 °C; 'H NMR (400 MHz, CDClg) § 7.85 - 7.77 (my

, 7.68 (dd, J = 6.4, 2.8 Hz, 2H), 7.56 - 7.45 (m, 6H),
7.2 (s,lH 7.24 - 7.19 (m, 2H 7.16 - 711(m 1 ) 6.97
d, J =16.8 Hz, 1H), 6.5 (g J—168Hz 1H); 3C’'NMR
100 MHz, CDCI3 (5 166.5, 162.3, 138.7, 134.7, 132.6,
30.2, 129.9, 129 7 129.4, 129.1, 128.9, 128.8, 128.1,
127.9, 1277, 126.2, 1245, '117.4, 1120 p m;
Vmax(KBr)/le 3054, 2924, 1600, 1503, 1447, 1406, 695
MS SEI) miz 77, 105, 149, 217, 280, 328, 357; HRMS-ESI
#m/z calcd for CasHisCINNaO, [M+Na]+ 380.0813,
ound 380.0820.

4h):
Yield: 79% (56.4 mg) as a yellow solid; mp = 123
125.8 °C; 'H NMR (400 MHz, CDCls) 6 7.81(dd, J=7. 6
1.8 Hz, 2H), 7.68 (dd, J = 6.4, '3.0 Hz, 2H3 7.5 742(m
6H), 7.27 (d, J = 8.4 Hz, 2H), 7.21 (d, J'= 8.8 Hz, 2H),
694(d J=16.8 Hz, 1H), 6. 8 (d, J—168Hz 1H); 13C
NMR (100 MHz, CDCI3 5 166.3, 162.2, 135.3, 133.7
132.8, 130.2, 129.7, 1294 129.0, 128.9, 128.8, 128.2,
127.7, 127.5,116.5, 112. Zepgpm Vmax(KBr)/cmt 3055, 2923,
1597, 1492, 1448, 1402, 696; MS I) m/z 77, 105, 165,
217, 280, 328, 357; HRMS-E m/z): caled ~for
C23H17CINO, [M+H]*: 358.0993, found 58.0995.

(E)-4-(4- Chlorostyryi -3,5-diphenylisoxazole

g g -Bromostyryl)-3,5-diphenylisoxazole (4i): Yield:
1% (56.9 m ) as a eIIow solid; mp = 123.8 - 125.3 °C;
H NMR 40 MHZ CDCI3 5 7.80 dd, J = 7.6, 1.8 Hz,
2H), 7.67 (dd, J = 6.8, 30Hz 2H), 7. O(ddd J=10.2, 5.6,
3.2 Hz, 6H), 7.42 (s, 1H), 7.35 (dt, J = 7.2, 1.6 Hz, 1H),
7.22 - 7.11 (m, 2H), 695(d J=16.8 Hz, 1H) 6.55 (d, J =
16.8 Hz, 1H); 1°C MR(lOO MHz, CDCls) ' 166.5, 162.3,
139.0, 132.5, 130.9, 130.3, 130.2, 129. , 129.4, 129.1,
129.0, 128.9, 128.8, 128.1, 127.7, 124.9, 123.0, 117.4.
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112.0 ppm; vimax(KBr)/cm 3056, 2922, 1597, 1496, 1408,
695; MS (EI) m/z 77, 105, 189, 217, 293, 372, 401;
HRMS-ESI (m/2): calcd for CasHiBINO, [M+H]+
402.0488, found 402.0484.

gE) -4- g4 Bromostyryl)-3,5- dlphenyllsoxazole (4.jL): Yield:
2% (65.7 mg) as a yeIIow solid; mp = 123.0 - 124.6 °C;
H NMR (400 MHz, CDCls) ¢ 7.80 (dd, J = 7.6, 1.6 Hz,
2H), 7.68 (dd, J = 6.8, 2.8 Hz, 2H), 7.58 - 7.46 (m, 6H)
742 d, J = 8.4 Hz, 2H), 715(d J =8.4 Hz, 2H), 6958

8 Hz, 1H), 6.56 (d, J = 16.8 Hz, 1H); °C NIMR (100
MHz CDC|3) 9 166.3, 162.2, 135.8, 132.8, 131.8, 130 2,
129.7, 129.4, 129.0, 128.9, 128.8, 128.1, 127.8, 127.7,
121.9, 116.6, 112. 1g PM; Vmax(KBr) /et 3054, 2922, 1593,
1488,'1407, 696; MS (El) m/z 77, 105 193, 271, 321, 345,
401; HRMS-ESI 6m/z) calcd for CasH17BrNO, [M+H]+
402.0488, found 402.0485.

(E)-4-(2,6-Dichlorostyryl)-3,5- dlphenyllsoxazole g4k):
Yield: 75% (58.7 mg) as a yellow solid; mp = 11
116.6 °C; *H NMR (400 MHz CDCly) 5 7.88 (dd, J = 8.0,
1.6 Hz, 2H), 7.80 - 7.71 (m, 2H), 7.50 (ddd, J = 11.6, 7.2,
2.4 Hz, 6H), 7.28 (d, J = 8.0 Hz, 2H), 7.11 - 7.00 (m, 2H)
6.67 (d, J ='16.8 Hz, 1H); 13C NMR (100 MHz, CDCl3)
166.8, 162.4, 134.4, 134.4, 130.2, 129.6, 129.3, 129.2,
128.9, 128.8, 128.6, 128.5, 128.0, 127.9, 127.9, 124.7,
112.0 pgm Vimax KBr)/cml 3057, 2923, 1645, 1569, 1492,
1411, 698; MS (EI) m/z 77, 105, 148, 246, 293, 356, 391
HRMS-ESI (m/z): calcd for Ca3H16CILNO, [M+H]+
392.0603, found 392.0605.

? -3,5-Diphenyl- (? (trlfluoromethyl)styryl)|soxazole
41): Yield: 70% g4 ) as a yellow solid; mp = 132.8 -
34.6 °C; *H NMR (400 MHz, DCI3)5780 dd, J =7.6,
2.0 Hz, 2H), 7.68 dd J=6.8,3.0 Hz, 2H), 7.5 745(m
8H), 7.38 (d, J = 8.0 Hz, 2H 706(d J = 16.8 Hz, 1H),
6.65 (d, J = 168 Hz, 2H)' 'NMR (100 MHz, CDCI3 5
166.7, 162.3, 140.3, 132.4, 130.3, 129.8, 129.7
Hz), 129.3,129.1, 128.9, 128.8, 128.0, 127.7, 1 4 1257
(qJ 38Hz 12415% 2719Hz 1185 1120ng
vmax(KBr)/cm™ 3058, 2924, 1608, 1494 1409, 1323, 697:
MS (El) m/z 77, 105, 183, 245,345, 391; HRMS-ESI
grgézgzé:flcd for CaaH17F3NO, [M+H]+ 392.1257, found

(E)-Methyl 4-(2- g ,5- dlphenyllsoxazol -4-yl)vinyl)-

benzoate é4m) Yield: 63% (48.0 mg) as a yellow solid;

mp = 153.6 - 155.3 °C; *H NMR (400 MHz, DCl3) § 7.97

SdJ 8.4 Hz, 2H), 7.81 (dd, J = 7.6, 2.0 Hz, 2H2 69%dd
6.8, 2.8 Hz, 2 1), 7.59 - 7.39 (m, 6H), 7.34

HZ 2H%709 J =16.8 Hz, 1H), 6.6 d, J = 16.8 Hz,
0(s,3 2 13C NMR (100 MHz, DC|3) 0 166.7,
7, 1623 1412, 1327, 130.3, 130.0, 129.8, 129.4.

1293 129.1, 128.9, 128.8, 128.0, 127.8, 126.1, 118.5,
112.1, 52.1 ppm; VmaXEJK?\/I)/(:ml 3056, 2926, 1604, 1495,
1413, 1276, 1116, 70 S (El) m/z 77, 105, 207, 262,
283, 322, 381; HRMS- ESI (m/z): calcd for CasHi1oNNaOs,
[M+Na]*: 404.1257, found 404.1262.

E)-4-(2- ﬁS ,5-Diphenylisoxazol-4- yl?vmyl)benzaldehyde
4n): Yield: 65% (45.6 mg) as a yellow solid; mp = 99.5 -
100.7 °C; 'H NMR (400 MHz, CDCls) § 9.97 (s lH 7 81
SdJ 8.0 Hz, 4H), 68 dd, J=6.8, 3.0 Hz, 2 S
=55 28 Hz, 6 ), (d J=8.0Hz, 2H 714
16.8 Hz, 1H), 6.68 (d J = 16.8 Hz, 1H% C NMR 100
MHz, CDCl;) 6 191.4, 166.9, 162.2, 1428, 135.6, 1323
130.4, 130.2, 129.8, 129.3, 129.1, 128.9, 128.9, 127.0,
127.8, 126.7,119.4, 112. 0 m vmax%(Br)/cm 13055, 2923,
1693, 1596, 1494, 1405, 6 MS (EI) m/z 77, 105, 135,
207, 281, 322, 351; HRMS-E (m/2): caled ~ for
C24H17NNaO;, [M+Na]+ 374.1151, found 374.1157.

E)-4-(2- ?Na hthalen-2-yl)vinyl)-3,5-diphenylisoxazole
49/) Yield: 61% ng .5mg) as a ellow solid; m mp = 145.2 -
0°C;*HNM 400 MHz, CDCl3) & 7.85 (dd, J = 8.0,
1.6 Hz, 2H 7.82 - % 5H 7.63 - 7.54 (m, 2H)753
- 7.46 (m 6H) 7.45 - 7. 9(m 2H 1708 (d, J = 16.8 Hz,
1H), 6.80 (d, J = 16.8 Hz, 1H) 3C NMR (100 MHz,
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CDCls) 6 166.1, 162.3, 134.3, 134.2, 133.6, 133.2, 130.1,
129.7,129.0, 128.9, 128.8, 128.5, 128.3, 128.0, 127.8,
127.7, 126.7,126.5, 126.2, 1240, 123.0, 116.2, 112. SEP
Vmax(KB n/cm 3054, 2924, 1693, 1596, 1497, 1446, 1406,
697; MS (El) m/z 77, 105, 165, 207, 281, 355, 373;
HRMS-ESI m/z): caicd for CaHisNNaO, [M+Na\]+
396.1359, found 396.1363.

(E)-3,5- Dlpheni/l -4-(2-(pyridin-2- yI)vmyI)lsoxazoIe (4p):
Yield: mg) as a yellow solid; mp = 135.0 -
136.7 °C; 1H NMR (400 MHz, CDCls) 6 8.5 éd J=40
Hz, 1H), 7.84 (dd, J = 7.6, 1.2 Hz, 2H), 7.76 - 7.

7.63 (d, J = 16.0 Hz, 1H), 7.57 (dd, J = 7.6, 1.6
7.54 - 7.45 (m, 6H), 7128dd J=72, 50Hz 1H), 704%d
J'=8.0 Hz, 1H), 6.67 (d, 16.0 Hz, 1H); *C NMR (100
MHz, CDCls) d 167.0, 162.4, 154.8, 149.7, 136.6, 132.6,
130.2, 129.7, 129.4, 129.1, 129.0, 128.8, 128.1, 127.9,
122.4,120.2, 112.1 ppm; vmax(KBr)/cm 13055, 2924, 1692,
1644, 1577, 1411, 699; MS (El) m/z 77, 105, 144, 193,
221, 295, 324; HRMS-ES| (m/2): calcd for CzoHisNaNaO;
[M+Na]*: 347.1155, found 347.1157.

5a): Yield: 80% (59.4 mg) as a yellow solid; mp = 125.0'-
263 °C; 'H NMR (400 MHz, CDCls) ¢ 7.73'- 7.63 (m,
4H), 7,50 - 7.44 m H , 7.30 ( d,J= 80Hz 2H), 7.25 (d,
J=6.4 Hz, 2H) ,J= 84Hz 2H)692( 'J=16.8
Hz, 1H), 6.57 éd J = 164 Hz, 1H); ©C NMR (100 MHz,
CDCI3 a 166.5, 162.2, 140.5, 135.4, 133.6, 132.4, 129.7,
129.7, 1295, 128.9, 128.9, 128.8, 127.6, 127.5, 125.4,
116.7, 111.7, 21.6 ppm; Vmax(KBr)/le 3041, 2922, 1634,
1491, 1408, 1091, 697; MSS )m/z 91, 119, 149, 165,
280, 342, 371; HRMS-ESI calcd for Ca4H1sCINNaO,
[M+Na]*: 394.0969, found 394. 975.

gE) -4-(4- Chloros§ yl)-3- E/I henyl-5-(p-tolyl)isoxazole

(E)-4-(4-Chlorostyryl)-5-(4-ethylphenyl)-3-phenyl-
isoxazole (5b): Y?:eld 81% (62.4 mg) as a yellow oil; 'H
NMR (400 MHz, CDCls) § 7.72 (d, J = 8.0 Hz, 2H), 7.70 -
7.63 (M, 2H), 7.48 (dd, J = 6.4, 3.6 Hz, 3H), 7.33 (d, J =
8.4 Hz, 2H), 7.26 (d, J = 8.6 Hz, 2H), 7.21 (d, J = 8.6 Hz,
2H), 6.94 (d, J = 16.8 Hz, 1H), 6.57 (d, J = 16.8 Hz, 1H),
2.72 (0, J = 7.6 Hz, 2H), 1.29 (t, J = 7.6 Hz, 3H); C NM
100 MHz, CDCls) 6 166.6, 162.2, 146.7, 135.4, 133.6,
32.4, 129.6, 1295, 128.9, 128.9, 128.8, 1285, 127.7
127.5, 125.6, 116.7, 111.7, 28.9, 15.3 ppm; vmax(KBr)/cm:
3044, 2926, 1609, 1490, 1446, 1408, 1092, 698; MS (EI)
m/z 73, 135, 207, 253, 283, 327, 385; HRMS-ESI ;m/z):
Z%Iscdﬂ;or CasHa0CINNaO, [M+Na]+ 408.1126, found

E)-5-(4-(tert-Butyl)phenyl)-4-(4-chlorostyryl)-3-phenyl
g|52)xa§olg (5¢): e)lg 87y) 7£ 8 mQ) as)z; ¥e)llove soll)(/j

mp = 134.8 - 136.3 °C; *H NMR (400 MHz, CDCls) 6 7.75
SdJ 8.4 Hz, 2H), 7.68 (dd, J = 6.8, 3.0 Hz, 2H), 53d
8.4 Hz, 2H), 7.50 - 7.43 (m, 3H), 7.27 (d, J = 8.4

2H), 7.22 (d, J'= 8.8 Hz, 2H), 6.96 (d, J = 16.4 Hz, 1H)
6.58 (d, J = 16.4 Hz, 1H), 1.37 (s, 9H); C NMR (100
MHz, CDCls) § 166.5, 162.2, 153.6, 135.4, 133.6, 132.5,
129.6, 129.6, 128.9, 128.9, 128.7, 127.5, 127.4, 126.0.
1253, 116.8, 111.7, 35.0, 31.2 ppm; vmex(KBr)/cm-* 3049,
2961, 1640, 1489, 1409, 1092, 698; MS (El) m/z 77, 118,
161, 217, 280, 328, 398, 413; HRMS-ESI (m/z): calcd for
C2rH25CINO, [M+H]*: 414.1619, found 414.1622.

E)-4-(4-Chlorostyryl)-5-(4-pentylphenyl)-3-phenyl-
|(soxazole (5d): Yl):eld 90% ﬁG 9'mg) as a yellow oil; *H
NMR (400 MHz, CDCls) ¢ 7.71 (d, J = 8.0 Hz, 2H), 7.67
dd, J = 6.8, 3.0 Hz, 2H 748(d J—64 3.6 Hz, 3H),
31(d J=18.0 Hz, 2H 7.26 (d, J = 8.8 Hz, 2H), 721(d
J = 8.8 Hz, 2H) 694gd J-164Hz 1H) 6.57 (d, J =
16.8 Hz, 1H), 2.73 - 2 167(dtJ—148 7.2
Hz, 2H). 1.45 - 1.29 (m 4H)09 tJ—68Hz 3H); 3C
NMR (100 MHz, C C|3 o 166.6, 162.2, 1455, 135.4,
133.6, 132.4, 129.6, 129 6, 129.1, 128.9, 128.8, 128.7,
127.6, 127.4, 1255, 116.8, 111.7, 35.9, 31.5, 30.9, 22.6,
14.1 ppm; vmax& Br)/cm1 3040, 2929, 1606, 1490, 1450,
1092, 699; HRMS-ESI (m/z): calcd for CaH7CINO,
[M+H]*: 428.1776, found 428 775.
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(E)-4-(4- Chlorostyr -5-(4-ethoxyphenyl)-3-phen
isoxazole (5e): Y|el(¥g}2% 65.7 mg asayellowso?ld J)
=115.3 - 117.2 °C: H NM (400 MHz, CDCI3)5777(
J=8.8Hz, 2H), 7.71 (dd, J = 64 2.8 Hz, 2H), 7.57 - 7.45
gm 3H), 7.30 (d, J = 8.4 Hz, 2H), 7.25 (d, J = 8.4 Hz, 2H),
04 d, J = 8.8 Hz, 2H), 6.95 (d, J = 16.4 Hz, 1H), 6.61 d
8 Hz, 1H), 4.13 q, J = 7.2 Hz, 2H), 149(t J=
Hz 3H) 13C NMR (100 MHz, CDCl3) 5 1664, 162.2,
160.5, 1355, 133.6, 132.2, 129.6, 129.2, 128.9, 128.,
128.7, 127.4, 1205, 116.9, 114.9, 111.0, 63.7, 148{)&)m;
Vmax(KBr)/le3050 2928, 1610, 1497, 1408, 1253, 1095

699; MS (IE m/z 73, 135, 207, 281, 372, 401; HRMS-ESI
gm/z) calcd for CisHaCINNaO, [M+Na]*: 424.1075,
ound 424.1078.

(E)-4-(4-Chlorostyr I) -5-(2-fluorophenyl)-3-phenyl-
Isoxazole (?\? Yield: 73% (54.7 m g as a eIIow 0|I, H
NMR (400 MHz, CDCI)5776 7.

(m2 ?—|766.§L d, J
=7.2,1.6 Hz, 1H 750(dtJ 5.6, 28H , 7.3 tJ
= 7.6 Hz, 1H %dJ 8.4 Hz, 3H), 6dJ: Hz,
2H,683 J—1412Hle dJ:1 8Hz,
1H); * CNMR (100 MHz, CDCIJ 1620 1 1.9, 159.4 (d,
.]:2 3.6 Hz), 1354 1336, 132.4 (d, J = 8.3 Hz), 131.8 (d,
J = 1.3 Hz), 1309(d J—23Hz) 129.8, 129.2, 129.
128.9, 128.8, 127.5, 124.7 (d, J—37 Hz), 116.7 (d, J =

= 3.6 Hz) 114.6 ppm;

21.3 Hzg 116.4, 116.3 gd
vmax(KBr)/cm? 3055, 2928, 1609, 1492, 1409, 700; MS
(El) m/z 95, 149, 207, 300, 358, 375; HRMS-ESI m/z)
§%I8c%7for Ca3H1sCIFNNaO, [M+Nz:1]+ 398.0718, found

(E)-5-(4- Chlorog\a(hergfl) -4-(4-chlorostyryl)-3-phenyl-
isoxazole (5g% ield: 75% (58.7 mgz‘as a yellow solid,;
mp = 148.0 - 149.7 °C; H NMR (400 MHz, CDCls) 6 7.75
d J-88Hz 2H), 7.67 (dd, J = 6.4, 3.0 Hz, 2H), 7.55 -
% ,7.28'(d, 3= 8.4 Hz, 2H), 7.22 (d, J = 8.8 Hz,
'J=16.4 Hz, 1H), 6.59 (d, J = 16.8 Hz, 1Hi
13C NMR 100 MHz, CDClI3) 6 165.0, 162.3, 136.3, 135
133.9, 133.3, 129.8, 129.4, 129.2, 129.0, 128.9, 128. 8i
128.7, 1275, 126.6, 116.1, 1125 %m Vinax(KBr)/cm-
3056, 2920, 1580, 1475, 1438, 1087, 737; MS (EI) m/z 77,
111, 139, 217, 280, 355, 391; HRMS-ESI ém/z) calcd for
C23H1sCI2NNaO, [M+Na]*: 414.0423, found 414.0426.

(E)-5-(4- Bromophe 1)-4-(4-chlorostyryl)-3-phenyl-
isoxazole (ShZ Ylel 78% (67.8 mgi/ﬂas a yellow solid,;
m;; 126.2 - 127.8 °C; *H NMR (400 MHz, CDCls) 6 7.94
88 (m, 1H), 7.71 - 7.62 (m, 3H), 7.56 (d, J = 8.4 Hz,
748 dd, J = 4.8, 1.4 Hz, 3H), 7.42 (d, J = 8.4 Hz,
(d, J = 8.4 Hz, 2H).

1 7.29 d, J=85 Hz 2H), 7.2
6.93 - 6.81 (m, 1H), 6.62 (d, J = 16.8 Hz, 1H% 3C'NM

100 MHz, CDCl3) ¢ 163.4, 162.4, 1349 134.5, 134.0,
33.6, 131. 1, 129.8, 129.3, 129.0, 128.9, 128.8, 127.9,
127.6, 126.5,115.7, 113. 2Nﬁ)§m Vmax(KBr)/cmt 3056, 2926,
1602, 1485, 1406, 697 (EI m/z 91, 175, 202 328,
370, 435; HRMS-ESI ém/z caled for’ ngHleBrCINO

[M+H]*: 436.0098, foun .0096.

g \54 Chlorostyryl)-5-cyclopro yI -3-phenylisoxazole
5|) ield: 71% (49.4 mg) as a yellow oil; *H NMR 400
MHz, CDCls) 6 7.66 - 7 H), 7.55 - 744 m,

7.36 - 726(m4H 682dJ 164Hz 1H£ dJ—
16.4 Hz, 1H), 2.2 I\ﬁm 1.33 22 m 2H),
1.20 - 1.09 m 2H); 13C N ‘MHz, CDCI3)517O

161.9, 135.7, 1334 130.7, 1 96 129.4, 1289, 1288
128.7, 127.4, 117.2, 112.3, 8.3, 82 m Vinax KBr)/cm
3055, 2926, 1603, 1487, 1410, 1091 8 MS (El) m/z 59,
77, 103, 149, 253, 292, 321: HRMS-ESI (m/z): calcd for
C20H15C|NNaO [M+Na]+ 344 0813, found 344. 0814

4-Chlorostyryl)-5-cyclopentyl-3-phenylisoxazole
?\/I‘Lt \§|eld 75% %2y4)m )Syas ang ow oﬁl 1I—)|/ NMR 400
m

z, CDCl3) 0 7.70 - 7. 7.55 - 740 m,
7.32 - 726m4H 677dJ 164Hz 1H), dJ—
16.4 Hz, 1H 3.5 ém 1H?_|215 m 2H),
197(dde '20.4, 1487 HZ43182 166m2H
13C NMR' (100 MHz, CDC|3 §173.2,161.5, 135.6, 133.
130.9, 129.7, 129.6, 128.9, 128.8, 1287, 127.4, 117.3,
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111.4, 37.1, 31.9, 26.0 p ;Vmax(]K?vR/le 3052, 2955,
1645, 1489, 1447, 1413, 1090 69 El) m/z 55, 69,
149,217, 253, 280, 349; HRMS-ESI (m/z) calcd for
C22H2CINO, [M+H]+ 350.1306, found 350.1310.

&4 (4-Chlorost rglg -5-cyclohexyl-3-phenylisoxazole
g Yield: 76% (5 nlc/?')_'asa ellow solid; mp = 932—
°C; 'H NMR 400 z, CDCls) 6 7.63 (dd, J =5
24Hz 2H), 7.52 - §m 3H)73 727m4H)67
d, J=16.8 Hz, 1H), '6.53 (d, J = 16.8 Hz, 1H 3.13 - 293
mng194(dd J-24 124Hz 4H), 1.85 - 1.72
2-132 - 15C NMR (10 MHz CDCls3 5

1738, 161.4, 1356, 1 3.5, 130.7, 129.7, 129.6, 129.5,
1289 128.7, 127.4, 117.2, 110.7, 36.7, 30.9, 26.2, 25.7
ppm; Vmax(KBr)/Cmi3052 2033, 1642, 1489, 1449,1091,
696; MS (EI) m/z 77, 149, 217, 253, 280, 334, 363;
HRMS-ESI (m/2): calcd for CasH22CINNaO, [M+Na\]+
386.1282, found 386.1288.

(E)-5-Butyl-4-(4- chlorostyryll) -3-phenylisoxazole 5I):
Yield: 67% (45.2 m% as a yellow oil; *H NMR (400
CDCl3) ¢ 7.74 - 7.60 (m, 2H), 7.58 - 745(6m H), 738-
729m4H) 6.79 (d, J—164HZ 1H), 6 J—164
Hz, 1H), 295(t J=7.6 Hz, 2H), 1.93 - 177 m 2H 152
- 1.32 m4H)096tJ—6 Hz, 3H); (100
MHz, CDCls) ¢ 170.4, 161.5, 135.6, 1335, 1307 129.6,
129.5, 128.9, 128.8, 128.7, 127.4, 117.2, 112.0, 31.5, 27.2,
26.5, 22.3, 13.9 PPM; Vinax KBr iemL 3049, 2931, 1603,
1489 1422 1090, 695; M 5 ml/z 77, 121 149 217,
253, 280, 351; HRMS-ESI m/z): calcd for Co2H2>CINNaO,
[M+Na]+ 374.1282, found 374.1286.

E)-4- (Y Chlorostyrylgs isobutyl-3-phenylisoxazole
5m): Yield: 72% (48 c]1_| as a yellow solid; mp = 95.5 -

7.3 °C; 'H NMR (?00 MHz, CDCI_) 0 7.56 (d
, 1.46 - 7.32 (m, 3H), 7.2 7.16 (m, 4H%

mm
D0

, . Hz 1H), 650dJ 16.4 Hz, 1H 2.71
.2 Hz, ZH? 0.96 és 0.94 (s, 3H) NMR
MHz, CDCls) ¢ 169.8, 1 14 13 6 133.5, 130.8, 129.6.
1295 128.9, 1288 1287 1274 1172 1127 353 28.0,
22.6 ppm; VmanKBr%/cml 3048, 2953 1598 1486 1414,
1270, 1090 69 (E) m/z 57 77, 114, 217 280 304
337; HRMS-ESI ém/z calcd for C21H20CINNaO
[M+Na]+: 360.1126, found 360.1130.

o
=
o(.a
ollo

E) -4-(4-Chlorost ralg -5-phenethyl-3- phen}/llsoxazole
w Yield: 79%{ } as a yellow oil; *H NMR (400
zCDCIs 0 7.63 (dd, 6.4, 3.0 Hz, 2H)751 40
g % 724m4H)719(dd 1=120, 56 Hz,
H) 6. 7(d J =16.4 Hz, 1H), 6.30 (d, J = 16.4 Hz, 1H),
321 dd, J = 11.4, 4.8 Hz, 2H), 3.12 (dd, J = 11.4, 4.8 Hz,
3C NMR (100 MHz, C C|3) 5 168.8, 161.5, 140.2,
13 133.6, 131.0, 129.7, 129.4, 128.9, 128.8, 128.7,
128. 6 128.5, 127.5, 126.6, 116.9, 112.9, 33.7, 28.7 p6pm;
Vmax(KBr)/le 3042, 2941, 1599, 1487, 1415, 1089, 698
MS (El) m/z 77, 91, 149, 217, 280, 342, 385; HRMS-ESI
grgéz%?)gzlcd for CosHz1CINO, [M+H]+ 386.1306, found

(E)-4-(4-Chlorostyryl)-3-phenyl-5-(3-phenylpropyl
isoxazole (50): Y|>(/ald 830% (66.2 mg) as a yellow o%l H
NMR (400 MHz, CDCls) 6 7.64 (dd, J = 6.4, 2.8 Hz, 2H),
7.54 -7.45 (m, 3H) 7.36 - 7.25 (m, 4H), 720(dd J=12.4
5.6 Hz, 5H), 6.68 (d J=16.4 Hz, 1H 649 d, J=16.45
Hz, 1H)293(tJ—76Hz 2H 6 2 Hz, 2H),
2.17 (p, J = 7.6 Hz, 2H); gl OMHz CDCI3)5
169.9, 161.6, 141.1, 1355, 1335 30.8, 129.7, 129.4,
128.9, 128.8, 128.7, 128.6, 128.5, 127.4, 126.2, 117.0,
112.2, 35.2, 28.8, 25.7 PPM; Vimax KBr)/cm1 3035, 2932,
1600, 1489, 1415, 1264, 1091, 698; MS (El) m/z 77, 91,
149,207, 294, 355 399: HRMS-ESI (m/2): calcd for
CasH23CINO, [M+H]+ 400.1463, found 400.1460.

(E)-4-(4- Chlorost r I) -3- Ehenyl -5-(thiophen-2-yl)-
iIsoxazole (5pi (53.1 mgK/Ias a yellow solid;
mp =111.3 129°C 1H NMR (400 MHz, CDCl; 5784
de—2812H21H)768 de—6830 I-?
.55 (dd, J=5.2, 1.2 Hz, 1H), 7. 6(tt J= 52 32Hz 4H),

9
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7.31 - 727m3H 1.24 - 721m ,6.94(d,J=16.4
Hz, 1H), 6. (()d =16.8 Hz, 1 'NMR (100 MHz,
CDC|3 5 162. 1621 135.2, 1338 1331 129.7, 129.3,

129.0,'128.9, 128.8, 128.7, 1275, 126.9, 126.0, 125.7,
116.5, 111. Tv{)gm vma(KBr)/cm 3026, 2925, 1598, 1488,
1437, 696; El) m/z 83 111, 149, 214, 267, 330, 363;
HRMS-ESI (m/z calcd for Ca1H1CINNaOS, [M+Na]+
386.0377, found 386.0369.

(E)-4-(4-Chlorost

ryl)- 5 hthalen-2-yl1)-3-phenyl-
|soxazole (5q

leld: 66%) ()537 mg as a yellow solid;
34.2 °C; 'H NMR (400 DCls) $8.30
gs 1H) 798 7.82 (m, 4H), 7.76 - 766 (m 2H), 7.61 -
44 m 5H 7.26 (d, J =8.4 Hz, 2H), 7.21 (d, J = 8.4 Hz,
2H), J =16.8 Hz, 1H), 6.63 (d, J = 16.8 Hz, 1Hg
3C NMR 100 MHz, CDCI3)51663 162.4, 135.3, 133
133.8, 133.1, 132.9, 129.7, 129.4, 128.9, 128.8, 128.7,
127.9, 127.8, 1275, 1275, 127.0, 1255, 124.3, 116.6,
1125 m vmax(KBr)/cm1 3054, 2924, 1595, 1489, 1408,
753; M E m/z 77,105, 207, 310, 387, 407; HRMS-ESI
(m/z) calc for C,7HCINNaO, [M+Na]+ 430.0969,
ound 430.0973.

(E)-4-(4-Chlorostyryl)-5-phenyl-3- (o -tolyl soxazole 5r)
Yield: 77% (57.1 m as a yellow oi R (400 M
CDCI35785 7.78 (m, 2H), 7.61 - 749(m 3H), 7.40 d
Hz, 2H), 7.33 (d, J = 7.2 Hz, 2H), 7.21 d, J—84
Hz, 2H), 708( J =84 Hz, 2H), 693 (d J = 16.4 Hz,
1H) 6.26 (d, J = 16.4 Hz, 1H) 2.28 3H) 13C NMR
100 MHz, CDCI3) S 166.0, 162.2, 137.3, 1355, 133.5,
30.5, 130.4, 130.2, 130.0, 129.8, 129.3, 129.1, 128.8,
1281, 127.8, 127.4, 1261, 1165, 1129, 19.8 ppm;
Vmax(KBr)/le 3055, 2926, 1590, 1488, 1410, 1090, 696

MS (E1)"m/z 65, 105, 194, 266, 354, 371; HRMS-ESi
(m/z) calcd for CoHisCINNaO, [M+Na]+ 394.0969,
ound 394.0973.

(E)-4-(4-Chlorostyryl)-5-phenyl-3-(p-tol I)|soxazole 5s):
Yield: 82% (60.8 mg) as a yellow solld/ gs

138.7 °C; *H NMR (400 MHz, CDCl3) 6 7. 80 (dd J 7.6,
1.6 Hz, 2H), 7.57 (d, J = 8.0 Hz, 2H), 7.53 - 7.44 (m, 3H),
7.34 - 7.24'(m, 3H), 7.22 (d, J=8.8Hz, 3H), 6.9 d, J=
16.4 Hz, 1H), 6.61°(d, J-164Hz 1H). 2.42 (s, 3H); 1°C
NMR 100 MHz DCI3 0 1662 1 2.2, 139.7, 354
133.7, 132 7, 130.1, 129 5, 129.0, 128.9, 128.8, 128.2,
127.7.127.5,126.4, 116.7, 112.1, 21.5 ppm; v (KBr)/cM’
13052, 2927, 1592, 1489, 1412, 1090, 696; MS (EI) m/z
77, 105 149, 194, 294 342 371 HRMS-ESI (m/z): calcd
for C2sH1sCINNaO, [M+Na]*: 394.0969, found 394.0975.

E)-4-(4-Chlorostyryl)-3-(4-ethylphenyl)-5-phenyl-

|(soxazole (5|\/? Yield: 8205 (63 1 m%) as a yellow oil; H
NMR (400 MHz, CDCl3 85 - 7.76 (m, 2H), 7.60 (d J
= 8.0 Hz, 2H 755 - 7. 4(m 3H 729(dd =14.8,8.2
Hz, 4H% (d, J =84 Hz 2 693dJ—164Hz
1H)62(d J-164Hz 1H), 272( = 7.6 Hz, 2H),
1.29 (t, J = 7.6 Hz, 3H); 3C NMR (1 0 MHz, CDCl3) o
166.1, 162.2, 146.0, 135.4, 133.7, 132.7, 130.1, 129.0,
128.9, 128.8, 128.3, 128.3, 127.7, 127.5, 126.6, 116.7,
112.1, 28.8, 15.4 ppm; VmangBr)/le 3053, 2934, 1605,
1487, 1416, 1270, 1089, 69 gEI m/z 77, 105, 149,
208, 280, 321, 385, HRMS-ESI (m/2): ‘calcd  for
CasH20CINNaO, [M+Na]+ 408.1126, found 08.1124.

E)-4-(4-Chlorostyryl)-3-(4-methoxyphenyl)-5-phen I-
|(so)xaz(ole (5u): Yl)gI)d )730(/0 56.5 mypas ay )eIIoF\)N oil; *H
NMR (400 MHz, CDCls) 6 7.80 (d, J=8.0 Hz 2H), 7.62
d, J=8.4 Hz, 2H , 7.55 - 739%m 3H 7.24 (t, J =8.2 Hz,
H) 7.00 (d J—84 Hz, 2H), 6.93 ( J—164 Hz, 1H),
6.63 (d, J = 16.4 Hz, 1H) '86 (s, 3H) 13C NMR (100
MHz, CDCIs) 5 166.1, 161.9, 160.8, 135.4, 133.7, 132.7,
130.2, 130.1, 129.0, 128.9, 128.3, 127.6, 127.5, 121.6,
116.8, 114.3,112.1, 55.4 fgm Vmax(KBTI) jcm! 3051, 2934,
1607, 1487, 1429, 1251 91, 696; MS (El) m/z 77 105,
207, 281, 327, 387; HRMS-ESI (m/z): caled ~ for
C24H19CINO2, [M+H]*: 388.1099, found 388.1103.

10.1002/adsc.201800444

(E)-4-(4- Chlorostyryl) -3-(3-methoxyphenyl)-5-phen I-
isoxazole (5v): Yield: 76% (58.8 mJg) as a yellow oil; *H
NMR (400 MHz, CDCl3) 6 7.84 (d 7.6 Hz, 2H), 7.58 -
7.50 (m, 3H), 7.42 t J—80 Hz 1H) 7.29 (dd, J—124
5.6 Hz, 6H)715 (TngGQSdJ 6.4 Hz, 1H),
6.66 (d, J = 16.4 Hz, 1 5 (s, 3H); 3C NMR' (100
MHz, CDCI3) 5 166.3, 1621 159.8, 135.3, 133.7, 132.8,
130.6, 130.2, 129.9, 129.0, 128.9, 128.2, 127.7, 127.5,
121 3, 116.5,115.9, 113.9, 112.2, 55.4 ppm; Vmax(KBr)/Cm

13051, 2929, 1606, 1489, 1413, 1252, 694; MS EI m/z
77, 105, 149, 207, 283, 358, 387, HRMS-ESI calcd
for CasH1oCINO,, [M+H]*: 388.1099, found 38 10 8.

(E)-3-(3-Chlorophenyl)-4-(4-chlorostyryl)-5-phenyl-
|soxazole (5w): I;)(leldl %00 54 7 m7g) as a yeIIow oil; *H

400 MHz, CDCls) o L 763 (s,
1H)7 2-7.37 m5H 733dJ 76 z1 1 7.20 (d.
J=8.4 Hz, 2H), Hz, 2H), 6.83 (d, J = 16.4

Hz, 1H), 6.50 éd J = 16 8 HZ 1H); C NMR 100 MHz,
CDC|3) 0 166.6, 161.0, 135.1, 134.8, 133.9, 133.3, 131.2;
130.3, 130.0, 129.8, 129.1, 129.0, 128.9, 127.9, 127.6,
1275, 127.0,116.1, 112. Olvﬁ)gm vmax(KBr Jem1 3056, 2929,
1598, 1488, 1438, 694, (El) m/z 77, 105, 149, 251,
328, 362, 391; HRMS-ESI (m/z): calcd for C23H1sClNC;
[M+H]+ 392.0603, found 392.0602.

Y|eld (76% 49.1 mg) as a yellow oil; *H NMR (400

CDCl3) 6 7.75 - 7.6 g757 7.46 (m, 3H)744-
7.28 (m, 4H), 6.80 (d, J—l 4 Hz, 1H), 6.64 (d, J = 16.4
Hz, 1 295 (t, = 7.2 Hz, 2H), 1.98 - 1.82 (m, 2H), 1.10
t,J= 7.2 Hz, 3H : 3C NMR (100 MHz, CDCI3) 0170.2,
61.5, 135.6, 1335, 130.8, 129.6, 129.5, 128.9, 128.8,
128.7, 1274, 1172, 1121, 2814, 210, 14.0 ppm;
Vmax(KBr)/le 3044, 2957, 1638, 1482, 1089, 773, 698:
MS SEI) miz 77, 114, 149, 217, 253, 280, 323; HRMS-ESI
rgé/lzllézzalcd for CaoH1sCINO, [M+H]+ 324.1150, found

4- Chlorostyrjl) -5-phenyl-3- Propyllsoxazole

)-4-(4-Chlorostyryl)-3-cyclopentyl-5-phenylisoxazole
(5y) Yield: 70% 8218y9)mg ) as a el%w oil; *H NMR 400
MHz, CDCls) 6 7.79 - 7.66 (m, 2H), 7.54 - 7.42 (m,
7.34 (g, J = 8.8 Hz, 4H 6.91 (d, J = 164Hz 1H), 683(d
J—164Hz 1H), J =7.6 Hz, 1H)212(td J=
11.8, 68H22 199 td J=144 72Hz 2H), 1.93
1.81 (m, 2H), 1.78 - 1.66 (m, 2H); 13c NMR (100 MHz,
CDCls) 6 1662 1658 13 6 133.6, 131.4, 129.9, 1290
128.9, 128.4, 127.6 1275 1176 1123 370 316 25.6
PPM: Ve (KBr)/cmr! 3044, 2942, 1642, 1574, 1484, 1238,
1086, 763, 692; MS (EI) m/z 77, 105, 191, 253, 280, 308,
349; HRMS-ESI (m/z): calcd for C22H21CINO [M+H]+
350.1306, found 350.1309.

E) 3\( ert-But I) -4-(4- chlorostyryl? -5- phen lisoxazole
ield: 79 (534 m } as a yellow oil; *H NMR (400
Hz CDCls 5761(dd 6.4, 2.8 Hz, 2H)746 .36
m, 3H), 7.26 (d, J = 8.4 Hz, 2H), 7.19 (d, J = 8.4 Hz, 2H),
95 d 'J = 16.4 Hz, 1H), 628(d J =16.4 Hz, 1H), 1.48
s, 9H); 3C NMR (100 Hz, CDCI3)51759 162.1, 135.4,
33.5,'133.1, 1299, 129.4, 128.9, 128.8, 128.6, 127.4,
117.3, 110.6, 34.4, 29.2 ppm; vma(KBr)lcm 3053, 2964,
1643, 1479, 1282, 1086, 764, 694; MS (E) m/z 77, 114,
149, 245, 280, 322, 337; HRMS-ESI (m/z2): calcd for
Ca1H21CINO, [M+H]+ 338.1306, found 338.13009.

((E) -4- Chlorostyr [)-5-phenyl-3-((E)-styr I)|soxazole
(5ba): Yield: 58% 45 mg) as a el(low solid; mp = 113.2
-11 6°C 'H NMR (400 Hz DCls 6777(d J=76
Hz 2H8 7.52 (dt, J = 12.8, 10.6 Hz, 6 3 7.43 - 732(_r|n
%7 3 (d, J—112Hz 1H) 6.99 (d, J=11.6 Hz, 1
d, J = 16.4 Hz, 1H); 13C NMR (100 MHz, CDC|3
166 1 159.5, 136.1, 135.4, 133.9, 133.1, 133.0, 130.1,
3057, 2931, 1591, 1486 1445, 1408, 694129.1, 129. 0
128. 9 128. 8 128.0, 127. 6, 127. 5, 127. 2, 117.1, 1145,
112 5§)§)m Vrmax '\ﬁKBr%/cm MS (EII) miz 77, 105, 149, 292,
354, m/z): calcd for CasHisCINNaO,
[M+Na]+ 406 0969, found 406.0972.
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(E)-4-(4-Chlorostyryl)-3,5- dlcyclohex?illlsoxazole (5bb):
Yield: 64% 473m§asa ellow oil; *H NMR (400 MHz,

CDCls 5738 (d, J=7.6 Hz, 2H), 7.32 d,J= 82Hz 2H),
6.75(d,J = 164Hz 1H), 662 J= 164Hz 1H), 2,92 (t,
J'=10.6 Hz, 1H 2785 J—104Hz 1H), 2.03 (d, J =
12.4 Hz, ZH% (m, 6H), 170(de 24.8,11.2
Hz, 4H), 1.64 - 153 1H), 49 - 1.15 (m, 6Hi 13C
NMR 100 MHz, CD 255 173.0, 165.8, 135.9, 133.3,
129.3, 1289 127.4, 1175, 110.1, 36.5, 36.2, 31.4, 30.9,
26.4, 26.2, 26.1, 25.7 ppm; vmangBr)/cm1 3052, 2928,
1594, 1443, 1093; MS ( gm/z 3, 125, 149, 204, 244,
286, 301, 369; HRMS-ESI (m/z): calcd for calcd for
CasH26CINO, [M+H]+ 370.1932, found 370.1937.

Supporting Information

Copies of the 'H NMR and *C NMR spectra for all
compounds are available in the supporting Information.
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Palladium-Catalyzed Cascade
Cyclization/Alkynylation and Alkenylation of
Alkynone O-Methyloximes with Terminal

Alkynes one
0 2 N7
N R | R?
|/ Pd(TFA), (5 mol%) R1J\ PA(TFA); (5 mol%) N,O l
R! [C,0,mim]CI (2 equiv) s [C,0,mim]Cl (2 equiv) X\ P>
Adv. Synth. Catal. 2018, \ “Gwon TR, 2 ) i
18 examples H nea\‘; — 100 °C, under air 40 examples
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