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INTRODUCTION

1,3-Diarylalkynones were first mentioned in literature in 1892 ™. Since then
alkynones became very valuable starting materials in organic synthesis and
many synthetical strategies leading towards 1,3-diarylalkynones have been
developed . These substrates are versatile intermediates for five or six
membered heterocycles such as, isoxazoles, chromones, thiophenes, pyrroles
and others. Many of these heterocycles are known for their beneficial
physicochemical or bioactive properties I,

During the past ten years our team has focused on the chemistry of C=C triple
bond. For example, nucleophilic addition of primary aliphatic amines to 2-(1-
alkynyl)-2-alken-1-ones ™ or formation of condensed 1H-pyrrol-2-
ylphosphonates and 1,2-dihydropyridin-2-ylphosphonates via
Kabachnik—Fields reaction of acetylenic aldehydes and subsequent 5-exo-dig
or 6-endo-dig cyclization B! were studied. We have also noted that
oxocarbenium ions generated from corresponding acetals and Lewis acid
mediated yne-carbonyl or yne-thioxo transformations of a range of O- and N-
propargylic compounds [, It led to the development of a new method for the
synthesis of functionalized 4H-1,3-oxazines, 4H-1,3-thiazines, 4,5-
dihydrothiazoles, and a-substituted enones. Hence, we decided to explore
chemical reactivity between oxocarbenium ions and 1,3-diarylalkynones
which are structurally similar to previously studied propargylic compounds.
These studies led to the development of new synthetic method of potentially
bioactive alkoxymethyl groups containing isoxazoles and chromones [,
Furthermore, we have used 1,3-diarylalkynones for the synthesis of series of
2,3,5-trisubstituded thiophenes which exhibited photoluminescence .

The main aim of this work is investigation of new synthetic pathways from
1,3-diarylalkynones towards functionalized heterocycles (Fig. 1)

(0]
Aryl)\

Aryl'
Figure 1. General structure of 1,3-diarylalkynones.
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Main tasks for the achievement of the aim:

e Task 1 To analyze scientific literature of current synthesis methods of
isoxazoles, thiophenes and flavones from 1,3-diarylalkynones.

e Task 2 To develop new synthetic method for isoxazoles and flavones
from 1,3-diarylalkynones.

e Task 3 To synthesize series of 2,3,5-trisubstituted thiophene
derivatives from 1,3-diarylalkynones and explore photophysical
properties.

In terms of significance of the work it is stated that:

1. Alkoxyarylmethyl groups containing isoxazoles and
alkoxyarylmethyl groups containing chromones can be synthesized
by our newly developed method from (Z)-3-aryl-1-phenylprop-2-yn-
1-one O-methyl oximes by treatment with 1 equivalent of BF;*Et,O
and corresponding acetal in acetonitrile at room temperature.

2. (2)-3-aryl-1-phenylprop-2-yn-1-one  O-methyl oximes without
electron-donating alkoxy groups does not participate in electrophilic
cyclization with oxocarbenium ions. But cyclization of 3-aryl-1-(2-
methoxyphenyl)-prop-2-yn-1-ones toward chromones is general to
electronic effects of aryl substituent (EWGs and EDGs are both
tolerated).

3. Carbamimidothioates can be effectively used as a sulfur containing
building blocks for the synthesis of 2,3,5-trisubstituted thiophenes via
Fiesselmann type cyclization. Series of 2,3,5-trisubstituted thiophenes
have been synthesized by this newly developed method.

4. Group of our synthesized 2,3,5-trisubstituted thiophenes exhibits
photoluminescence. Introduction of 5,6-dichloro-2-benzimidazolyl
substituent in position 2 and EWG-substituted arenes in 3" and EDG-
substituted arenes in 5 position of thiophene core results in the
highest PLQY of our studied 2,3,5-trisubstituted thiophenes.

The structure of this thesis consists of 3 sections. Section 1 covers synthesis
of starting materials - 1,3-diarylakynones. Section 2 focuses on application of
1,3-diarylakynones towards alkoxymethyl substituted isoxazoles and
chromones. And finally, section 3 describes experiments of 1,3-
diarylalkynones towards substituted thiophenes. Section 3 also covers results
of and photophysical measurements and summarizes the research findings.
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SYNTHESIS OF 1,3-DISUBSTITUTED ALKYNONES
(LITERATURE REVIEW)

Many methods were developed for the synthesis of alkynyl ketones during the
past century M2, This chapter is dedicated for the most recent discoveries of
the synthesis of alkynyl ketones.

The most common synthetical pathway towards 1,3-diarylalkynones in the
current literature is the Sonogashira type reaction between alkynes and
chloroanhydrides in the presence of Pd(PPh;).Cl, and Cul [FI20Ii2s]
(Scheme 1).

0

0
N
X Pd(PPh3),Cl
@)\CI ) 3)2%l2 ‘ %
Cul, Et;N ‘
Scheme 1. General reaction between alkynes and chloroanhydrides.

Literature examples of carbonylative Sonogashira type reaction are also very
common. For example Xia group reported alkoxycarbonylation of aryl iodides
by using palladium on carbon catalyst and triethylamine as a base without any
phosphine ligands 4. They have also demonstrated recyclability of palladium
catalyst and versatility of developed reaction conditions (Scheme 2). Esters or
alkynones can be synthesized by this method from commercially available
materials.

5%Pd/C 0

EEEEE——
Aryl-l + CO + ROH EON Ay )J\OR
5%Pd/C 0
N

Aryl-l + CO+ ArylOH —————>
EtsN Aryl” “OAryl

5%Pd/C

Aryl
Aryl-l + CO + =——R >
EtzN = (@)
R

Scheme 2. Synthesis of esters and alkynones from aryl iodides.

\

Cai group demonstrated that PEG-2000 and Pd(PPhs).Cl, mixture in the water
is extraordinarily good catalytic system to perform carbonylative Sonogashira
reaction of terminal alkynes with aryl iodides '3 (Scheme 3).
Ay 40O+ =R 5 mol% PCI,(PPhs)y EtN 2eq, Ayl ]
PEG-2000, H,0, rt. 24 h J =
Scheme 3. Carbonylative Sonogashira reaction between terminal alkynes

and aryl iodides.
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Authors also provided possible mechanistic explanation of the reaction
(Scheme 4). First Pd(2+) is reduced to Pd(0) species by CO and water. Then
arylpalladium(2+) complex is provided by the oxidative addition of an aryl
iodide to Pd(0)(PPhs). and subsequent insertion of carbon monoxide gives
acylpalladium(2+)  complex. Following transmetallation  between
acylpalladium(2+) complex and terminal alkyne in the presence of EtsN and
reductive elimination of alkynyl ketone regenerates palladium(0) and
triphenylphosphine complex for the next catalytical cycle.
PdCl,(PPhs),
o)

>\—E—R co l H.0O

Ar //‘ Arl
Pd(0)(PPh3), /_\

PPh
)L LPhs Ar—Pd—1
P T
Ph3P TR PPhy
Et;N PPmJ

)J\Pd\ co

=R PhsP
Scheme 4. Proposed explanation for the carbonylative coupling of aryl
iodide and terminal alkyne.

Moreover Li group reported very high yielding MOF based catalyst
(PA(IND@ZrMOF-BIPY) for carbonylative Sonogashira coupling of aryl
iodides with terminal alkynes that produces 1,3-diarylalkynones in high yields
from broad scope of starting materials with electron donating and withdrawing
groups [61,

Ali group 7 also developed Pd based catalyst for carbonylative Sonogashira
reaction of alkyl alkynes and aryl iodides. They have invented the catalyst
(Fig. 2) that is very impressive because of extraordinary low molar equivalents
needed to perform the reaction — just 0.1 mol%.

/§ Br —
| D—Pd--N_ )
O/EN\ b

Figure 2. Pd-NHC-Py Complex catalyst for carbonylative Sonogashira
coupling.
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Moreover, literature examples exist where noxious carbon monoxide gas is
replaced by formic acid as a source of CO in mild conditions to perform
carbonylative Sonogashira cross-coupling reactions. Quite good yields
(~80%) were reported for a very broad scope of substrates. Starting materials
are usually aryl iodides and terminal alkynes. I, 28 or DCC [ are used as
formic acid decomposition promoters.

Several more exotic examples of carbonylative Sonogashira type synthesis of
1,3-diarylalkynones exist in scientific literature. For example Wu has
published an article where diazonium salts instead of aryl iodides and 1,3-
butadiene instead of PPh; were used to produce alkynones 2,

In 2015 Natour and Abu-Rezig have reported Mesoporous Silica
Nanoparticle-Supported Palladium catalyst for carbonylative Sonogashira
cross-coupling of aryl iodides and terminal alkynes 2. The catalyst is very
interesting because it can be separated from the reaction mixture by magnetic
field.

Group of scientists from China developed palladium catalyst that can be easily
separated from reaction mixtures by simple filtration and reused many times
[22]

Chen and Li from Department of Chemistry, Tulane University, Canada
developed an interesting method to synthesize alkynones in water media from
terminal alkynes and acid chlorides that are known to be water sensitive.
Surfactant — lauryl sulfate and base potassium carbonate were used to facilitate
the reaction 221,

Ley group has developed method for the preparation of alkynones in flow
reactor. Pd(OAc); and diisopropylamine were used as a catalyst and a base
accordingly 2. Alkynones were further modified in the same reactor to
furnish versatile heterocycles such as flavones, pyrimidines and pyrazoles.
The more reactive nature of aroyl chlorides in comparison to aryl halides
enable coupling reaction to proceed even without using any form of palladium.
For example, H. He group developed coupling reaction of acid chlorides with
terminal alkynes where Cul/TMEDA system acts as a catalyst. A wide
substrate scope has been screened and very high yields (84 — 96 %) were
achieved in most of the cases (Scheme 5) (R = Ph, tBu, COEt, 4-CIPh, 2-
MePh, etc. R’ = Ph, 4-BrPh, 2-CIPh, 4-MeOPh, etc.) 231,

e} Cul 2 mol%
.+ ==r > o)'\
R” >l TMEDA 5 mol% X,
Et;N, rt,, 1h R
Scheme 5. Coupling reaction of acid chlorides with terminal alkynes.
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F. Zhang group developed phenol-formaldehyde resin-supported copper
nanoparticles catalyst and showed its superior catalytic performance in the
synthesis of alkynones via Sonogashira type reaction. Catalyst can also be
recycled and used for more than ten times without significant loss of catalytic
activity 21,

C. Taylor and Y. Bolshan studied preparation of sterically hindered
alkynoylphenols 71, Authors managed to synthesize desired alkynones by
demethylative synthesis from mixed anhydrides and alkynyl trifluoroborates
using 1.5 equivalents of BClz in DCM (Scheme 6).

S o0 o S0 o
N OJ\ BCly TN
R + Ri——BF3;K —> Ry AN
0" DCM oy R

Scheme 6. Synthesis of o-demethylated ynones from mixed anhydrides.
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SYNTHESIS OF 1,3-DISUBSTITUTED ALKYNONES

The 1,3-diarylakynones 7 that were necessary for the further work as starting
materials were prepared by Sonogashira type coupling reaction from
commercially available or prepared in laboratory substituted phenylacetylenes
and aroyl chlorides. Sonogashira type reaction was chosen because it gives
high and stable yields with broad substrate scope and workup is easy.
Arylacetylenes 3 were prepared from corresponding aldehydes by
condensation with malonic acid %! to afford cinnamic acids 1a-b which were
brominated and turned to cis S-bromostyrenes 2a-b by decarboxylative
elimination 2%, Cis p-bromostyrenes yielded acetylenes 3a-b in good to
moderate yields by treatment with sodium hydroxide in methanol at reflux
temperature. It is worth to mention that only cis s-bromostyrenes participated
in elimination reaction towards acetylenes (Table 1, Scheme 7).

O
0 1) Bro, HCCI
OH 2, 3
X OH ——>»
Pyrldlne 2) EtzN, DMF
Piperidine R
1a-b
R
N R = -CI, -OM
J Tweon ©
2a-b 3a-b

Scheme 7. General synthesis of substituted phenylacetylenes from
corresponding aldehydes.

Table 1. Yields of synthesized phenylacetylenes and intermediates.

Entry R Yield, %
1 OMe la (79)
2 OMe 2a (85)
3 OMe 3a (60)
4 Cl 1b (92)
5 Cl 2b (73)
6 Cl 3b (80)

Aroyl chlorides were prepared from carboxylic acids by treatment with the
excess of thionyl chloride and catalytic amount of dimethylformamide. In case

16



of 4-(pentyloxy)benzoyl chloride 6 (Scheme 8) synthesis was started from
methyl 4-hydroxybenzoate. Phenolic OH has been alkylated with nPeBr in
acetone with potassium carbonate as a base using modified literature
procedure B%, followed by ester hydrolysis with sodium hydroxide in boiling
water and isopropanol mixture. Free acid has been liberated by acidification
of reaction mixture with conc. HCl . After air drying chloroanhydride was
formed by treatment with thionyl chloride and catalytical amount of DMF at

room temperature B4,
o

o 1) NaOH o
o~ CsHyBr o~ H20, iPrOH
e L OH
HO 2) HCl
CsH4,O ) CaH11O
4

5
(0]

(0]
/©)J\OH S0, Q)LCI
CsH4O
6

DMF  CgHy4O
5

Scheme 8. Synthesis of 4-(pentyloxy)benzoyl chloride from 4-
hydroxybenzoate.

We have tested multiple methodologies for the synthesis of 1,3-disubstituted
alkynones. For example, carbonylative Sonogashira type reaction between
aryl iodides and aryl acetylenes 2 (carbon monoxide was generated in a
separate vessel by dehydration of formic acid with concentrated sulfuric acid
B3) or reaction between aroyl chlorides and aryl acetylenes catalyzed by
copper iodide 9. But the best results were obtained by previously mentioned
Sonogashira type coupling between aroyl chlorides and aryl acetylenes
(Scheme 9) B4,

BN _
O/g Z TRz
PdCI2(PPh3 \

Cul
Ry 7
Scheme 9. The synthesis of 1,3-disubstituted alkynones.
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Coupling reaction proceeded in decent or medium yields with all substrates
(containing electron donating or electron withdrawing groups) (Table 2).

Table 2. The synthesis of 1,3-disubstituted alkynones.

Entry R? R? Yield, %
1 OMe H 7a (85)
OBu H 7b (88)
3 OPe H 7c (94)
4 OHex H 7d (80)
5 H H 7e (98)
6 Cl H 7f (76)
7 OMe 0-OMe 79 (60)
8 OBu 0-OMe 7h (80)
9 OHex 0-OMe 7i (62)
10 F 0-OMe 7j (65)
11 OMe p-OMe 7k (78)
12 OMe p-CF3 71 (80)
13 CF3 p-OMe 7m (62)
14 CFs p-CF3 7n (60)
15 OPe p-OPe 70 (71)
16 Cl p-OMe 7p (57)
17 OMe p-Cl 7r (61)
18 OMe p-CN 7s (86)
19 OMe p-NO; 7t (83)
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CYCLIZATION OF 1,3-DISUBSTITUTED ALKYNONES TO
ISOXAZOLES AND CHROMONES (LITERATURE REVIEW)

Isoxazoles are versatile heterocycles in pharmaceutical and material
chemistry. Isoxazole ring is present in several bioactive natural products
(muscimol B%1 | ibotenic acid B¢, cycloserine B7) and in a large variety of
unnatural pharmaceuticals, such as isocarboxazide B8, parecoxib [,
leflunomide [ risperidone ™1 and P-lactamase-resistant antibiotics
cloxacillin, oxacillin, flucloxacillin and dicloxacillin 421431 (Fig. 3).

N-O  NH; N-O NHz N-O
HO HO d O ho

NH,
Muscimol Ibotenic acid Cycloserine
0 (0]
O! CF3
\SL )X\/
H
O Q. N-gn
EH
/ \
N\ / _N
(6)
Parecoxib Leflunomide Isocarboxazid
Risperidone

Figure 3. Isoxazole abundance in natural and artificial molecules.

Isoxazoles are also very useful in material sciences ™4 also as a coordinating
ligands in transition metal complexes because of their flat structure and
presence of two heteroatoms with external electron pairs 51, Moreover,
isoxazoles are considered as useful synthetic intermediates in total organic
synthesis because of ability to participate in reactions as isosteres of 1,3-
dicarbonyl compounds !,

Recently Reddy group published new method for the synthesis of isoxazoles
from ynones using trimethylsilyl azide as a source of nitrogen “71. Authors
claimed that reaction proceeds via hydroazidation of the alkyne and
denitrogenative cyclization. Best results were obtained by using 2 equivalents
of TMSNG; in industrially very common solvent — trichloroethylene (Scheme
10).
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0 TMSN; 2 eq.

« TCE o
_—
Scheme 10. Reaction of TMSN3 with ynones to form isoxazoles.
Hu and coworkers developed one-pot reaction for the preparation of

fluoroalkylated isoxazoles. Protocol utilizes commercially available amines
and alkynes “® (Scheme 11).

TBN 3 eq. ZnBr, 2 eq. O-N
_
R—= * X(CFy),CH,NH, > R’v\
Cul 10 mol%, AcOH 0.4 eq. (CF2)nX
X= ": °r2F HCCls rt., 24 h
n = -

Scheme 11. Synthesis of fluoroalkylated isoxazoles.

Authors also proposed reaction mechanism where they show an importance
of all added reactants (Scheme 12). Reaction of amine with tBu nitrite
generates diazo compound which forms Cu-carbene. Zinc acetylide
transmetalates with Cu-carbene and migratory insertion yields Cu-carbenoid.
Further, nitrosonium ion (from tBuONO and ZnBr,) captures Cu-carbenoid
and after tautomerization yields oxime. Finally, 5-endo-dig cyclization of
oxime takes place and generates isoxazole.

_OH .0
NI N~ N TBN
_— 2
- - I” = RCH,NH
R R R)\ cu(l) R'J cat. He 2NH;
R R :
l N=O*
ZnBr,
Cu W ICU
Y =z
R’ R
R R————7ZnBr
Z
Cu Zn

] BrzT R'CH,NH,
R
R__

Scheme 12. Proposed reaction mechanism.
In 2005 R. Larock group reported synthesis of 3,5-disubstituted 4-

halo(seleno)isoxazoles from 2-alkyn-1-one O-methyl oximes with ICI, |2, Br;
and PhSeBr 1, O-methyl oximes were prepared by stirring the alkynone in
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the presence of methoxylamine hydrochloride with pyridine and dehydrating
agent Na;SO4 at room temperature using methanol as the solvent (Scheme 13).

(0]
NH20Me HCI R
R \ —» /
A R' L

R'- H, Ph, nHex, tBu, etc. E-X - I21 ICl, Br,, PhSeBr
R - Ph, Me, tBu, TIPS, etc.

Scheme 13. Synthesis of 3,5-disubstituted 4-halo(seleno)isoxazoles.

J. P. Waldo and R. Larock reported the synthesis of 4-iodoisoxazoles by
reaction of 2-alkyn-1-one O-methyl oximes with iodine monochloride B,
They have also demonstrated versatility of 4-iodoisoxazoles by accomplishing
synthesis of selective cyclooxygenase-2 inhibitor — valdecoxib Y (Scheme
14).

BONg
fe) N N/O

NH,OMe*HCI | ICI |
Ph —— > ph X —_— /
X_ MeOH, Py, MgSO, X DCM  Ph

|
N-O
N-O é? PdCl 5mol% W
) G KHCO,
PR Osg DMF:H,0 = 4:1

o~ 85°C,3 h
_S<
0”1l NH
o) 2

Scheme 14. Synthesis of 4-iodoisoxazoles and Valdecoxib.

Authors also noted that it is very important to have Z-isomer of O-methyl
oxime because E isomer does not react under reported conditions.
Interestingly E isomer formation was observed on silica gel when R is H or
Me group (Scheme 15).

Scheme 15. Isomerization of O-methyl oximes on silicagel.

Even more, authors determined that steric bulk in ortho positions did not
hinder the reaction. Also, 6-endo dig chromone oximes were not observed in
this case because OMe group from methoxime part is more reactive and 5-
endo dig isoxazole forms exclusively in a short reaction time (Scheme 16).
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Scheme 16. 5-endo dig isoxazole formation.

This method has its benefits and scope in organic synthesis because it does
not require transition-metal catalysis and the final products contain functional
groups which are suitable for further functionalization.
Ruchirawat and coworkers developed new methodology for the synthesis of
4-haloisoxazoles from (E/Z)-alkynyl-O-methyl oximes in the nitromethane
solvent. Interestingly both isomers react under developed conditions B2
(Scheme 17). Authors propose that the reaction proceeds via Cl, (generated
from NCS and TMSCI) induced cyclization.
o) NCS 1.1 eq.

N7 TMSCI 2 eq. N-O
| - /“\/ng
RO ™ MeNO,, r.t. 1 h R
R' ’ Cl

Scheme 17. Cyclization of (E/Z)-alkynyl-O-methyl oximes.

P. T. Perumal group developed gold (l11) chloride catalyzed synthesis of
isoxazoles from a,f-acetylenic oximes %, Oximes were prepared from
alkynones with hydroxylammonium chloride and NaHCOs solution in
methanol. Interestingly spontaneous cyclization did not occur. Importance of
oxime isomerism for the reaction to proceed was also noted (Scheme 18).

I I

Si— Si—
/ V' AuCH 1 mol% NI’O < . / \
% I_
Nl DCM, reflux, /I\/)_ \ lN
“OH 30 min. N, HO™

Scheme 18. Isoxazole formation.

Authors also proposed reaction mechanism. They claimed that reaction
proceeded via pi activation of triple bond by carbophilic gold (111) chloride. It
leads to pi complex which undergoes 5-endo-dig cyclization and
protodeauration to afford the substituted isoxazole (Scheme 19).
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R S (AUl
= \ R R
R, Z A Ny W RiA
| P N R N R
\R N Q A N
OH OH H*

Scheme 19. Mechanism of isoxazole formation.

J. Ryu group developed direct room temperature synthesis of
4-fluoroisoxazoles from 2-alkynone O-methyl oximes B4, Substrates for the
reaction were synthesized from terminal alkynes by treatment with nBuLi and
aldehyde. Oxidation of secondary alcohols gave alkynones which after
treatment with hydroxylamine hydrochloride, pyridine and Na,SO, gave
desired 2-alkynone O-methyl oximes (Scheme 20).

1) nBuLi 1.25 eq. OH

THF, -78°C, 1 h MnO, 20 eq.
R—= > R.)\ I
2) R'CHO, rt. g Me,CO
MeONH,*HCI 2 eq. oy
0 Na,SO42eq. N
R‘)\ Py 3.5 eq R x
R MeOH, r.t. R

Scheme 20. Synthesis of substrates for the reaction.

Alternatively, 2-alkynone O-methyl oximes or 2-alkynone O-benzyl oximes
can be prepared from N-alkoxyimidoyl bromides and terminal alkynes in one
step palladium catalyzed cross coupling (R = Ph, 2-Furyl, 4-CFsPh, 4-MeOPh,
etc., R” = TMS, Ph, nBu, CH,OTBS, etc.) (Scheme 21) 551,

.OBn .OBn

N — R PdCIy(PPh3), PPhz Cul NI

R Br Et3N, THF, 60°C, 4 h. R A

R
Scheme 21. Palladium catalyzed cross coupling of N-Alkoxyimidoyl
bromides and terminal alkynes.

After screening of reaction conditions authors found the most efficient way to
prepare 4-fluoroisoxazoles (Scheme 22). Selectfluor has been used as a source
of fluorine, NaHCO3; as a base and acetonitrile as a solvent. Reaction was
driven by Ag and Au catalytical system.

| (IPr)AuCI 5 mol%

.0 AgOTs 5 mol%
N| Selectfluor 2.5 eq. N-©. , N-©. ,
> | / R /‘I\/?*R
R ™ NaHCO; 2 eq. R * R
R' MeCN, r.t. E H

Scheme 22. Synthesis of 4-fluoroisoxazoles.
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H. Togo group published one pot approach toward the synthesis of 3,5-
disubstituted pyrazoles and isoxazoles from terminal alkynes and aldehydes
(561 After treatment of terminal alkyne with nBuLi aromatic aldehyde was
added followed by subsequent addition of iodine and K,COs (in some cases
other oxidants such as DIB or Fe(NOs)s in the presence of TEMPO) after this
step hydrazine or hydroxylamine was added to yield substituted pyrazoles or
isoxazoles (Scheme 23).

R' 1) nBulLi 1) nBulLi R
2) R'CHO 2) R"CHO
| N\ = — - \
N R— > B
R N’ 3) |2’ K2003 3) |2, K2C03 R" O/
}'?.. 4) R"NHNH, 4) NH,X, TBAI
R"=H, Me 5) TsOH*H ,0
X =0H, Ph

Scheme 23. Synthesis of 3,5-disubstituted pyrazoles and isoxazoles.

Blum group developed a new oxyboration strategy to convert oximes to
borylated isoxazoles 7 (Scheme 24).

-0
PON N
N/OH HBCat N™ "BCat | Au or cat. free | )R
| JEeat oo e
R N 30 min. R % bcat
X, 25°C R
R 60-94%

11 examples

Scheme 24. Synthesis of borylated isoxazoles.

This reaction can procced at a room temperature with gold catalysis or just by
simple heating. It is the first example of uncatalyzed oxyboration of C—C «
bonds by B—O ¢ bonds and the second example of catalyzed oxyboration in
scientific literature. Furthermore, authors performed gram scale experiment
and showed applicability of this new methodology by synthesizing anti-
inflammatory drug valdecoxib (Scheme 25).

Br
1) HBCat 1 eq. o
30 min. 25°C g//o o

_OH  2)IPrAuTFA 2.5 mol% N

]
N 6 h, 50°C, tol. Ph N, NH, NN
Ph” N 3)PPh; 5 mol% —_ O PdCly(dppf) 10 mol% PH o
SN\ 20h,25°C, tol.  Bpin dioxane, 85°C 1.0
4) Pinacol 3 eq. ) lllH
Et3N 15 eq. Valdecoxib 2
1h, 25°C

Scheme 25. Synthesis of Valdecoxib.
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Reddy and coworkers developed methodology of synthesis of 3,5-
disubstituted isoxazoles from propargylic alcohols B8, Propargylic alcohols
were synthesized from terminal acetylenes and aromatic aldehydes by using
nBuLi in THF. Propargylic alcohols were transformed to propargylic N-
hydroxylamines. These were easily cycloisomerized to the corresponding
isoxazoles by treatment with TBAF in DCM (Scheme 26). Transformation
was also achieved by using KoCOs; in MeCN or CsF in DCM. But yields were

significantly lower (58% and 36% respectively).

Ts ., .OH
N TBAF N-O.
_—
PR O DCM /“\/>_ Fh
58%

Scheme 26. Synthesis of 3,5-disubstituted isoxazoles.

S. Murarka and A. Studer reported one-pot synthesis of the alkynylated
nitrones by the cross-coupling of nitrones and alkynyl-magnesium compounds
using TEMPO as a catalyst and oxygen as oxidant % (Scheme 27).

O., ,-tBu “O., ,-tBu
* _ TEMPO, O, N*
J\ + R——=—MgCl — > |
R H THF, rt. RO .

Scheme 27. Synthesis of alkynylated nitrones.

Alkynylated nitrones are easily transformed to regioisomerically pure 3,5-
disubstituted isoxazoles by treatment with BCl; or TiCls and AuCls. Or
catalytically with Zn(OTf), (%, After tBu cleavage alkynylated nitrones can
be cyclized to isoxazole derivatives (Scheme 28).

“O. ,-tBu _OH
N TiCl, 1eq N AuClz 3 mol% N-©
> —_— | R'
RT - DCM, 50°C, 24h  R™ ™ DCM, 50°C, 20h R/I\/)_
. R

Scheme 28. Synthesis of 3,5-disubstituted isoxazoles.

O. Miyata group developed gold-catalyzed cyclization and subsequent
Claisen-type rearrangement to afford 3,4,5-trisubstituted isoxazoles in a direct
manner 11 (Scheme 29).

FPN 0

\ N '

N AuCly 5 mol% | )R
_— >

R DCE, reflux, 2h
R' \

Scheme 29. Synthesis of 3,4,5-trisubstituted isoxazoles.
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Possible reaction pathway was also provided by the authors (Scheme 30).

O R -0
N TN AuCl, N )R
RO TR
R Rs
’ \
lAuCIg, T
-AuCI3
//\/R3 Ri @
N-O& N= N-Q
MRZ . ©0 S, . ) D,
R; X RY R;
Ry ° Rs
AuCl, 2 ClAU
X

Scheme 30. Possible pathway of gold-catalyzed reaction.

Okiko Miyata group developed silver catalyzed cyclization of alkynyl oxime
ethers to yield 3,5-disubstituted isoxazoles (R = Ph, H, CO,Me, 4-MeOPh,
etc. R>=nBu, Ph, CH,OAc, CH,OH, etc.) (Scheme 31). This new method was
applied to the synthesis of a biologically active isoxazolecarboxylic acid ©2,
NI/OBn AgBF, PhOH N-O
. .
R \\ . THF, reflux R/II\/)_R

Scheme 31. Silver catalyzed cyclization and scope.

Moreover, O. Miyata group developed catalytic synthesis of 3,4,5-
trisubstituted isoxazoles from O-arylmethyl alkynyl oxime ethers by treatment
with 5 mol% of Cu(OTf); in chlorobenzene. They have also tested different
catalysts like gold or silver salts but copper triflate seems to be the most active
in this particular case 1 (Scheme 32).

O
N-©C.

| )R
| Cu(OTf); 5mol% R
_—
/
R % PhCI, reflux, 2.5h o

R
Scheme 32. Synthesis of 4-arylmethylisoxazoles.

-

Authors Explain that 1,3-migration of the arylmethyl group proceeds in a
similar manner as in the previous example with AuCls catalysis (Scheme 33).
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O\
/O\/©/
N Cu(OTf),

)I\ > | jRe
R1 ) R1

s
NS

(TFO),CU R, y

lT -Cu(OTf ?
@o\ u(oTf),
%

N-O& HH>®—®_O N
MRZ = RN~ — /
R4 \S=< R

© 1
Cu(OTf)z2  (Tf0),Cu R, (TfO),Cu /
o o 0

Scheme 33. Possible reaction pathway.

E. Vrancken and J. Campagne group developed one pot four step synthesis of
3,4,5-trisubstituted isoxazoles form propargylic alcohols 4. Reaction
conditions were noted (Scheme 34) authors claim that it is important to
maintain provided sequence of adding reactants. Otherwise only starting

materials were recovered and product formation was not observed.
1) CbzNHOH 1.1 eq.
FeCls 5 mol%, 60°C, 2h
2)Pd,dbay 10 mol%
OH bpy 20 mol%, Ar'l 2 eq N-©. <
= |
Ar)\ K,CO3 4 eq, 50°C, 20h Ar/‘\/gi
R MeCN Ar'

3) MeOH, Hy 2h, r.t.
4) 50°C, 6h, air, MeOH

Scheme 34. Synthesis of 3,4,5-trisubstituted isoxazoles.

Y. Chen group developed palladium-catalyzed, cascade 5-endo-dig

cyclization—alkenylation of 2-Alkyn-1-one O-methyl oximes to substituted

isoxazoles ! (Scheme 35) (R = tBu, Ph, p-CN-Ph, etc. R” = Ph, pMePh, etc.
’= CHO, Ph, H, CO2Et, etc. R”>> = H, OAc, Me).

Pd(O,CCF3), 10 mol%
CuCl, 2 eq _0

N/O\ nBuyNBr 1 eq N| )R
| " R"/\/R‘" LioCO3 2 eq > R
RN NMP, 150°C e
R' R™

Scheme 35. Preparation of 3,4,5-Trisubstituted Isoxazoles.

Authors noted that the addition of 1 eq. of nBusNBr significantly increased
the yield of the desired 4-alkenyl-3,4,5-trisubstituted isoxazoles.
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Prof. dr. Itaru Nakamura and coworkers developed gold catalyzed
rearrangement of O-propargylic formaldoximes to 4-methylene-2-
isoxazolines (Scheme 36). Scientists also studied differences between Au and
Cu catalysis and have found that the cascade reaction in the presence of gold
proceeds by cyclization/methylene transfer and a subsequent ene reaction.
And with Cu catalyst it proceeds via 2,3-rearrangement [%¢1 (Scheme 37) (R =
Ph, Cy, H, nPr, etc. R’ = Ph, Cy, H, pMeOPh, etc.).

Il
-N -N

o) [(PPh3)AUNTf,] 5 mol% ON o )o\>_R'
> +
R/;\\%* R

R™ ™ . DCM (0.5M), 30°C
Scheme 36. Gold catalyzed rearrangement of O-propargylic formaldoximes.

-N
o)
I N <"
N [(PPh3)AUNTY,] 0" ph Ph
(@) — = — 79%
DCE, 80°C Ph

Ph™ cyclization/ i 0
Ph methylene transfer |

N
e T T
LN ® o°
|

8. H
N Ph~ z
Ph [{CuCl(cod)},] N l\\j
I el —
Ph S
1,4-dioxane, 30°C [3+2] R Ph

2,3-rearrangement | Ph |then 1,3-0 \
77% Ph

Scheme 37. Differences between Au and Cu catalysis.

O. Miyata and colleagues developed gold-catalyzed sequential reaction for the
preparation of isoxazole-3-ones and 3-hydroxyisoxazoles from O-allyl
hydroxamates bearing an alkyne moiety 7 (Scheme 38) (R = nBu, Cy, Me,
pFPh, pMeOPh, etc.).

-0
N XN
HN/O\/\ DoALCL 5 o | P R \/\N,O e
icAuCl, 5mol% + )\/)—
(0] X (0]
A R DCE, reflux \ minor

Scheme 38. Gold-catalyzed cyclization—rearrangement reaction of
hydroxamate.
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Cyclization of N-methylhydroxamates yielded isoxazolones only (Scheme 39)

(R =Ph, Cy, 4-F-Ph, etc.).
\N/o

) /R
PicAuCl, 5 mol% o
_—
O)’\ DCE, reflux, 24h
R \
Scheme 39. Cyclization and rearrangement reaction of N-
methylhydroxamates.

Paul A. Allegretti and Eric M. Ferreira developed a novel synthesis of
regioisomeric isoxazoles via Pt-carbene intermediate formed from substrates
with oxygen or nitrogen-based nucleophiles (Scheme 40) (R = Et, Cy, iBu,
BnCH,. R’ = Ph(CHz)s, TBSO(CHz)s, etc.) (e8],

\O [(CoH4)PtClo]o 2.5 mol%
OH ‘ P(OPh); 0.5 mol% o R
N # R TFA _ N
Boc” _ > |7
R 1,4-dioxane, 60°C R
\O [(CzH4)PtC|2]2 2.5 mol%
Boc. P(OPh)3 0.5 mol%
N TFA o-N. R
N g
R 1,4-dioxane, 60°C R

Scheme 40. Synthesis of isoxazoles from propargylic N-hydroxycarbamates
and propargylic N-Boc amino ethers.

H. Wang and Y. Pan developed TEMPO-catalyzed synthesis of 5-substituted
isoxazoles from TMSNs3 and terminal propargylic ketones 5% (Scheme 41).

Q 1) TEMPO, MeOH O~ N
J\ FTMSNg ———————= ] D
RO 2) PPhs

R
Scheme 41. Reaction of TMSN3 with propargylic ketones.

Authors claimed that reaction proceeds via radical pathway (Scheme 42).
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TMSN; . >(\/|< MeOH

— > N3 + > + TMSOMe
) ) )
o OH

OTMS '

N o}
)J\_3> /x OH Ph |  —— N
Ph A Ph N Ph N

N

o) 0
) N, o o} ..
N o N o-N
—_— Ph . “N — —_— | — \
y Ph . /v /IQ
N . Ph Ph
N
Scheme 42. Proposed radical reaction mechanism.

Unfortunately, authors have found that non-terminal propargylic ketones
could not yield desired product under reported reaction conditions. 4,5-
Disubstituted 1,2,3-triazoles were synthesized instead of isoxazoles (Scheme
43).

0 1) TEMPO, MeOH N=N,

+ TMSN, Ph ~ NH
Ph)\ 2) PPhy

Ph O Ph 82%
Scheme 43. 4,5-Disubstituted 1,2,3-triazole formation.

According to literature examples 1,3-disubstituted alkynones are good starting
materials not for isoxazoles only but for many more heterocycles including
chromones and flavones (Fig. 4).

(6] (6] (0]
- 0O 0
R
x ) e
1,3-Disubstituted Chromone Flavone

alkynone
Figure 4. 1,3-Disubstituted alkynones as starting materials towards
chromones and flavones.

Structures of flavones and chromones are mainly found in natural compounds
derived from plant material [, These substances exhibit strong biological
activity such as antimicrobial, anticancer, antiinflamatory, antioxidant
properties 'Y Many modern and classical synthetic methods of flavones and
chromones are published in the scientific literature.
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W. Zhang and Z. Gao group suggested an interesting approach towards
alkynones and synthesis of flavones and y-benzopyranones by Pd catalyzed

couplings of “superactive esters” and terminal alkynes [ (Scheme 44).
0

X d(OAc), 5 mol%, NMM 1 eq. AN
R{/\KJ\ODMT \\ > R N o
= OAc MeCN, 50°C = OAc

Scheme 44. Synthesis of alkynones.

Reaction mechanism has been studied by analysis of reaction mixture by ESI-
MS. Results unveiled two palladium triazine species - the adduct of palladium
acetate and triazine ester and oxidative addition intermediate. Scientists
performed screening of bases for cyclization of obtained alkynones to flavones
or y-benzopyranones and have found that piperazine in acetonitrile gives
superior results (Scheme 45).

HN/\ 0.5eq Q

(0]
N K/NH . .
| N X
RT . Ny ———— Rm
OAc MeCN, 25°C = 0 R'

Scheme 45. Synthesis of flavones or y-benzopyranones.

M. Jia with coworkers developed synthesis of y-benzopyranones by iron-
catalyzed aerobic oxidation of propargylic alcohols and base catalyzed
subsequent cyclization [, Authors tested various bases and have found that
DMAP gives superior selectivity and yield of y-benzopyranones. Authors
have also demonstrated the application of newly developed method for the
synthesis of naturally occurring 3',4'-dimethoxyflavone (Scheme 46).

OH o
OH 0 )
5eq.
" 36
~o Pd(PPh3),Cl, 5 mol% nBuLl 0.95 eq. HO
Cul 10 mol%, TEA, 90°C, 24h THF, -78°C, 4h

2) KOH 3 eq. tol. reflux, 22h

OH
Fe(NOg)s* 9H,0 5mol%
e = NaCl 5 mol%
- O HO TEMPO 5 mol%, MeCN
O oxygen balloon, 25°C, 4.7h

then DMAP 20 mol%, 25°C, 6h
Scheme 46. Synthesis of naturally occurring 3',4'-dimethoxyflavone.
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T. Doi with coworkers published triflic acid catalyzed synthesis of y-
benzopyranones from o-alkynoylphenols [/, Interestingly only 6-endo
cyclization product was observed without formation of any 5-exo
benzofuranone derivatives (Scheme 47).

oH O
TfOH 1 eq.
L~

R
DCE, 40°C

o
Scheme 47. 6-Endo cyclization product formation.

Authors explained that reaction possibly proceeds via TfOH addition and
formation of vinyl triflate which is good Michael acceptor and it opens the
door for 1,4 intramolecular addition of phenolic OH group followed by the
elimination of trifluoromethanesulfonic acid.

J. Lee invented and published conditions to synthesize 5-exo cyclized product
selectively 1. Alkynones were synthesized through Weinreb amide and
cyclization to aurones was performed in THF solvent using sodium 2-
pyridyloxide as a base (Scheme 48).

OH . .
OH MeONHMe*HCI | 1) LDA, THF, 0°C, 10 min.
O /PrMgCI 3 eq. THF Ny Li
| Z
2)

o) -10°C, 0.5h o)

OH ‘ 2-PyONa 0.1 eq, THF
O 2.PyOH, rt. 1-12h

Scheme 48. Synthesis route of aurones.

M. Wu group have found that treatment of 2-(1-aryl-3-propynoyl)anisoles
NCS or NBS gives 3-halogenated flavones in moderate yields. Authors claim
that optimal conditions for 3-halogenated flavones is treatment of o-methoxy
alkynones with NCS or NBS in DMF solvent at 100°C for 2 hours ¢! (Scheme
49) (R = (CH2)4CHs, p-CNPh, 2-Pyridinyl, p-MePh, etc. X = ClI, Br).

o X

0 o
NXS, DMF X =

S L O
o~ R 100°C, 2h o >R o

Scheme 49. Synthesis of 3-halogenated flavones and aurone intermediates.
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Authors noted that when O-Benzyl or O-TBDMS analogs of starting materials
are used. Dominant formation of aurones instead of 3-halogenated flavones is
observed.

J. Lee and H. Kim developed thallium catalyzed method for the synthesis of
flavones in high yields. Scientists state that starting materials - o-(alkynon-1-
yl)phenols are cyclized at 65°C via 6-endo cyclization to flavone derivatives
in methanol solvent with 0.05 equivalent of TI(p-OTs)s as a catalyst only /"]
(Scheme 50).

A 5
R T1(p-OTs) 5 0.05 eq.

MeOH, 65°C

Scheme 50. 6-Endo cyclization of o-(alkynon-1-yl)phenols.

C. Zhou, A. V. Dubrovsky and R. C. Larock discovered that 2-methoxyaryl-
containing alkynones can be cyclized to 3-iodochromones by treatment with
ICl at -78°C using DCM as a solvent. Even more authors discovered that 2-
methylthioaryl-containing alkynones and 2-methylaminoaryl-containing
alkynones also gives 6-endo cyclization products — lodothiochromenones and
iodoquinolinones correspondingly by similar ICl-induced cyclizations [®
(Scheme 51).

0 o)
Y R Y |
|\ NN ICI, -78°C or rt. @\)J\/IE
R DCM
Z S xMe Z xR
X =0, S, NMe

Scheme 51. Synthesis of 3-iodochromones and analogs.

Authors also provided proposed mechanism. First of all, iodonium
intermediate is formed. Secondly nucleophilic attack of the oxygen on the
activated iodonium intermediate proceeds to produce a chromonium salt
which reacts further with CI- anion (Sn2 displacement) to produce 3-
iodochromone and one molecule of MeCl as a side product (Scheme 52).
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Scheme 52. Proposed reaction mechanism.

Y. Li and coworkers developed base-promoted insertion of alkynes into C-C
o-bonds of alpha cyano ketones to furnish highly functionalized conjugated
olefins or chromone derivatives [ (Scheme 53) (X = CH, N, R = H, 6-F, 7-
F, 6,7-diMeO, etc. R’ = Ph, Alkyl, subst. Ph, R’’ = Ph, tBu).

o} o R

o] Cs,C0O5 2 eq.

N 2 3 X N

x> e R DMAc, 100°C, 0.5-2 h. X7 o R
Scheme 53. Synthesis of chromone derivatives.

To clarify reaction mechanism authors performed experiment at room
temperature and isolated insertion product which cyclize to chromone
derivative after heating with cesium carbonate in DMAc (Scheme 54).

N
©\)‘\Ph HO y o Ph
B
r Cs,COs2eq. pp (o) Cs,CO3 2 eq. ©\)J]\/\,CN
+ _—
o DMAc, r.t., 9 h. 7~ "Ph DMAc, 110°C, 9 h. 0~ >Ph

Ph 94% 98%
Scheme 54. Temperature control experiment.

Finally, authors proposed mechanism of the reaction (Scheme 55).

34



(0]
(0]

Ph)K/CN ©\):'? 5‘7 CN
XX —> =
X

Ph base ) r\

Ph k/ CN
O
X ~CN base X CN
—

Bro
Scheme 55. Plausible reaction mechamsm.

Schmidt and others developed microwave-promoted Claisen/Cope
rearrangement/6-endo-dig cyclization of allyl, dimethylallyl and prenyl ethers
derived from o-acylphenols . Interestingly authors have found that allyl and
dimethylallyl ethers gave 8-substituted chromones and prenyl ethers gave 6-
prenylated chromones (Scheme 56).

N R PhNEt; 02M i . R |
" Z MW 250°C, 1 h. A " RNZ #
o 0 R ©
Scheme 56. Microwave-promoted Claisen/Cope rearrangement/6-endo-dig
cyclization.

Z. Wang group developed a cascade oxidative synthesis of the chromone
derivatives by cyclization of o-alkynoylphenols with tBuOLi as a mediator
and oxygen from ambient air as an oxidant % (Scheme 57).

PN OH/ R tBuOLi, air N Ol R
. R
" DWMF 60°C, 2h. S
OH 0
Scheme 57. Oxidative synthesis of chromones.

Y. Chang developed an efficient method for the synthesis of v-
benzopyranones and flavones ™31, Authors studied cyclization reaction with
various bases and measured amounts of obtained 5-exo-dig and 6-endo-dig
cyclization products. They found that addition of 18-crown-6 ether to the
reaction mixture facilitates 6-endo dig product formation. Authors also
observed that changing the base to MeOK gives pure flavones without any 5-
exo-dig cyclization products (Scheme 58).
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Scheme 58. Possible cyclization reaction mechanism.

T. Doi group have found that o-alkynoylphenols participates in 5-exo
cyclization reaction to form aurones in superior yields and selectivity in DMF
as a solvent and tributylphosphine as a catalyst ¥ (Scheme 59).

= L R'
N OH “~ | PBuj3 2.5 mol%
RI_ P _— AN
= 7 EtOH 50 mM, 30°C R—/
o)

Scheme 59. 5-exo cyclization of o-alkynoylphenols.

Dr. Patricia Delgado-Martinez with coworkers have found that functionalized
alkynones can be activated by Tf,C=CH,. By tweaking reaction conditions
authors managed to synthesize series of  bis(triflyl)flavones,
bis(triflyl)thioflavones, bis(triflyl)selenoflavones, (triflyl)benzothienopyrans,
(triflyl)benzoselenophenopyrans, (triflyl)vinyl aurones, and
(triflyl)pyranoindoles ®° (Scheme 60) (YZ = OH, OMe, NHG, SMe, SeMe).

0 i @
Tf . @ r.t.
\ /1o @\)\ FPONT —
P +
M YZ R Lo

CTf,

Scheme 60. Synthesis of “triflones”.
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M. Cheng group developed gold catalyzed synthesis of of 12H-
benzo[a]xanthen-12-ones and benzo[a]acridin-12(7H)-ones which core
motifs xanthone and acridone are structurally similar to flavones 4 (Scheme
61) (X =0, NH).

//R'

PPh;, AuCl, AgSbFg x |
X

MW, PhMe, 80°C R—:/

)

Scheme 61. Synthesis of 12H-benzo[a]xanthen-12-ones and
benzo[a]acridin-12(7H)-ones.

Starting substrate was synthesized in five steps from commercially available
o-bromobenzaldehyde by establishing Sonogashira coupling then Wittig
reaction followed by deprotection of alkyne with methanolic potassium
carbonate and attachment of salicylic aldehyde using nBuLi as a base and
finally oxidation with activated MnO; in DCM.

Yanzhong Li and coworkers developed the synthesis of substituted enamides
and chromones by transition-metal-free reaction of alkynones bearing an
ortho-bromo-substituted aryl ring and C-N c-bonds of imides B, Several
base and solvent combinations were screened but K.CO; and DMSO gave
superior results. Scope of tetrasubstituted enamides were synthesized (Scheme
62).

(0] R" O
~ o o K2CO3 2 eq. N _ J
. + _ N R"
R ST e N A buso, 1soc T RE H
R"” N7 R
= R =
H o R'

Scheme 62. Synthesis of tetrasubstituted enamides.

When o-bromo-substituted alkynones were used reaction gave chromones in
superior yields (Scheme 63).

KoCOj3 2 N )OL
o O 2003 2 €eq. N
XN + R — . S N R"
R N - R.,)J\NJLR.. DMSO, 130°C Ry~ |
= R =
Br H 0" R

Scheme 63. Synthesis of substituted chromones.

Yanzhong Li developed method to synthesize multi-substituted chromones
and hydroxydienones by transition-metal free insertions of alkynes into
carbon—carbon c-bonds of ethanones €. Authors claim that it is the first
example in scientific literature where insertion reaction of isolated carbon—
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carbon triple bond into carbon—carbon o-bond with active methylene
compounds bearing only one electron-withdrawing group occurs. When
alkynones without an ortho-bromo-substituted aryl ring are used
hydroxydienone compounds are formed (Scheme 64) (R = H, pMe, pBr, R’ =
Ph, p-substituted-Ph, R’ = Ph, p-substituted-Ph).

o}

(0] R'
Cs,C0O53 2 eq.
X 2403 X X
P )J\/Ph R |
R R" N, r.t. 2 o e P

Scheme 64. Synthesis of hydroxydienones.

When o-bromo-substituted alkynones were used reaction gave chromone
derivatives in excellent yields (Scheme 65).
0

0 R
(0] .
R'—\ \\ " )J\/ph Cs,CO32eq o SN | N
L~ 5 R R" DMF, 80°C, N, Ao g P
; "

Scheme 65. Synthesis of chromones.

Plausible reaction mechanism was also discussed in paper. Authors
contemplated that starting alkynone is attacked by ethanone in the presence of
a base to give intermediate which undergoes an intramolecular nucleophilic
addition/fragmentation reaction cascade which results in an alkyne insertion
into the C-C o-bond of the ethanone that gives intermediate which after
enolization and nucleophilic aromatic substitution (SyAr) yields desired
chromone (Scheme 66).

e} o) 0
Ph Ph
% Ph)J\/
Ph Base O i
Br Ph “ph
O Ph
Br O Ph Br O Ph
A SNAr Ph
A
| pp | - ’5‘\;
0~ “Ph - Ph 1D
(@) Ph 1e)

Ph
Scheme 66. Plausible reaction mechanism.

M. Cheng group developed new tandem cyclization strategy for the synthesis
of indeno-chromen-4-ones and indeno-quinolin-4-ones. Reaction is gold-
catalyzed and authors claim that hydrogen bond existing between the hydroxyl
group (or the amide group) and the carbonyl group plays essential role in
controlling the selectivity of product formation ©71 (Scheme 67).
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AuCl, PPh3 5 mol%
AgSbFg 5 mol%

DCM, 4A MS, r.t.

/,
X N\ Zr
=

R

AuCl, PPhz 5 mol%
AgSbFg 5 mol%
DCM,4AMS, rt. R:—

K2CO3, MeOH

o OR"
Scheme 67. Synthesis of indeno-chromen-4-ones and indeno-quinolin-4-
ones.

Xuesong Wang, Guolin Cheng and Xiuling Cui developed metal free
approach to 3-allyl-chromones from allylic alcohols and alkynones [,
Optimal reaction conditions are: PBus (only 10 mol%) and K,COs3 as a base
in DMF solvent at 100°C and nitrogen atmosphere (Scheme 68).

X " o RV
i X _ R' R PBus K,COj
T =+ — Z R
= HO)\/\RN DMF, 100°C, N, R:_ P | o
5 R o0 g

Scheme 68. Synthesis of 3-allyl-chromones.
Authors also provided plausible reaction mechanism. It seems that reaction

proceeds via a tandem Michael addition Claisen rearrangement and O-
arylation (Scheme 69).

2 o}
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Scheme 69. Proposed reaction mechanism.
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T. Doi and coworkers developed the synthesis of 3-aroylflavones from
acylated o-alkynoylphenols 9. Authors have found that DMAP in DMF
catalyzes such reaction and after screening different bases developed optimal
conditions. 30 mol% of 9-AJ (9-Azajulolidine) as a base in DMF at 30°C gave
the best yields and selectivity towards 3-aroylflavones (Scheme 70).

OYAr
0
__Ph_30 mol% 9-AJ Ol Ph
—_—
Z DMF, 30°C Ar
o O O

Scheme 70. Synthesis of 3-aroylflavones.

Lunaa group have studied gold and ruthenium photoredox catalyzed and
visible light-promoted reactions of alkynes having heteroatom in the structure
and arenediazonium salts. Many substituted heterocycles were synthesized
including isocoumarins, benzosultams and flavones % (Scheme 71) (X = O,
S, R =Ph, 4-BrPh, 4-(COzEt)Ph, 4-CIPh, 4-CFsPh).

o)
(PhsP)AUCI 10 mol%

[Ru(bpy)s](PFg)> 2.5 mol%

X
O N + RN,BF,
X O MeOH, MeCN 3:1

| light, r.t. 4 h.

Scheme 71. Synthesis of 3-aryl-thioflavones and 3-aryl-flavones.

X. Zhang group developed regioselective cyclization of alkynyl aryl ketones
with N-arylthiobenzamides to 3-sulfenylflavone derivatives. The reaction is
promoted by ferric chloride % (Scheme 72).

0 o)
S\
S NS ar  FeCly Ar
N R+ H — |
o DCM o R
|

Scheme 72. Synthesis of 3-sulfenylflavones.

Authors noted that only 6-endo-dig cyclization product was observed without
formation of any 5-exo-dig substituted aurones.

G. Zeni group developed the synthesis of 3-organoselenylchromenones from
alkynones and diselenides via FeCls promoted intramolecular 6-endo-dig
cyclization ®2, Authors claim that methodology is very regioselective and
gives only six-membered regioisomers (Scheme 73). Another advantage is
that reaction proceeds at room temperature.
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Scheme 73. Cyclization reaction with diselenides.

Y. Li with coworkers developed ring expansion reaction of indene-1,3-dione
with alkynyl ketones under transition-metal-free conditions 1. Authors have
found that optimal conditions for the synthesis of chromone derivatives from
alkynones are K>COs (3 equivalents) in DMSO at 110°C (Scheme 74).

O R

S A
! R
S L6

X=CH,N LG=Br,CI,F
Scheme 74. Synthesis of chromone derivatives.

o-Alkynoylphenol derivatives were cyclized to flavone derivatives under
acidic conditions in DCE at 80°C. Aurones were synthesized from the same
o—alkynoylphenols using C32C03 in acetone (Scheme 75) 271,

_TOH (C:C05 LN o _f
[ R1 Me,CO A
o. ©
Scheme 75. Synthesis of flavone and aurone derivatives.
N. Gouault group from France have investigated the gold-catalyzed

intramolecular addition of ethers to alkynes. Various substituted chromones
were synthesized using newly developed method 4 (Scheme 76, Table 3).

o} R' i "
R' PPh3AuCI 10 mol% NS R
AQ N AgSbFg 10 mol% | |
L g > N0 R
o DCE, 50°C, 0.5 h
R

Scheme 76. Synthesis of flavones.
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Table 3. Scope of flavones synthesized by N. Gouault group.

Entry R” R’ R Yield, %
1 PhCH.- | 3-MeO- nPr- 45
2 PhCHo- H- nPr- 31
3 PhCH,- 3,5-Br- nPr- 40
4 PhCH2- | 3-Allyl- nPr- 38
5 PhCH,- H- 4-MeOPh- 25
6 4-CIBn- H- nPr- 40
7 4-MeOBnN- H- nPr- 0
8 Allyl- H- Ph- 38
9 Allyl- H- H- 35
10 Et- H- nPr- 0
11 Et- H- Ph- 0

Takayuki Doi and colleagues developed method to synthesize flavone
derivatives in very high yields from o-alkynoylphenols without synthesizing
5-exo cyclized aurones . After performing lots of experiments authors have
found that the most optimal conditions for the synthesis of flavone derivatives
are using 10 mol% of DMAP in DMF solvent at room temperature R:-Rs = H

or OMe (Scheme 77).

R4
Rz

Ry
R4

OH

=

o}
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‘ DMAP 10 mol%
Ry

DMF, 30°C

\

Scheme 77. Synthesis of flavone derivatives.
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REACTIONS OF 1,3-DIARYLALKYNONES TOWARDS
ALKOXYMETHYL SUBSTITUTED ISOXAZOLES AND
CHROMONES

It is known that alkynones can be cyclized to isoxazole or chromone
derivatives by using transition metal salts and complexes or electrophilic
reagents such as ICI by activating alkyne functionality (€171,

Several years ago, our group reported about the generation of electrophilic
oxocarbenium ions and its use in transformations of functionally substituted

alkynes (Scheme 78) [81ié],
Y
6- ew LY vs. J\”/E
5-exo- d|g /KE />—Z

Scheme 78. Use of oxocarbenium ions in transformations of functionally
substituted alkynes.

{

R

We have decided to investigate electrophilic oxocarbenium ions as potential
cyclization promoters of 1,3-diarylalkynones 7 and O-methyl oxime
derivatives 8.

First of all, starting materials were synthesized from corresponding alkynones
7. (2)-3-aryl-1-phenylprop-2-yn-1-one O-methyl oximes 8 were prepared by
reacting alkynones and methoxyamine hydrochloride with pyridine in MeOH
with Na,SOs (Scheme 79, Table 4). Yields of the reaction were moderate to
good. Interestingly, when pyridine was substituted by triethylamine no desired
product 8 formed. Instead Michael addition to triple bond product was
obtained. It is also known from the literature that when 1,3-diarylakynones
react with methoxyamine without pyridine - I,4-addition product is formed [,

(0] /O‘IN
Z O MeONH,*HCI =
Py, MeOH,
Na,SO,
R’ 7 R' 8

Scheme 79. Synthesis of (Z)-3-aryl-1-phenylprop-2-yn-1-one O-methyl
oximes.
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Table 4. Scope of synthesized methoximes 8.

Entry Starting material R’ Yield, %
1 7a OMe 8a (81)
2 7b OBu 8b (78)
3 7c OPn 8c (70)
4 7d OHex 8d (66)
5 Te H 8e (78)
6 7f Cl 8f (73)

It is known from the literature that oxocarbenium ions can be generated from
acetals by activating them with different Lewis acids 201 \We have chosen
compound 8a for screening of optimal reaction conditions because 8a has
alkyne-methoxime functionality and MeO group in p position of phenyl ring
near the triple C=C bond which makes it favorable substrate for cyclization
with electrophiles.

Several Lewis acids were screened: BFs*Et,0, FeCls, AgSbFg, SbFs, BBrs3,
TMSOTT in different solvents (MeCN, DCM, DCE, THF, CH3;NO,) at
different reaction temperatures. It was found that 8a with 1 equivalent of
BF:*Et;O in MeCN at room temperature gave the best yield of desired
isoxazoles 9.

Various (2)-3-aryl-1-phenylprop-2-yn-1-one O-methyl oximes reacted with
aromatic acetals under optimized conditions. Full conversion of starting
materials 8 was reached in ~15 min. Oxocarbenium ion triggered cyclization
reaction proceeded very smoothly without formation of many impurities or
tars. After workup with sodium bicarbonate solution, extraction and
chromatography purification, final isoxazoles were isolated in good yields
(Scheme 80, Table 5).

/O\ N
! R BF*Et,0 O/N\
= .
* Ar—<
O O-R MeCN
R 8 R Ar

Scheme 80. Synthesis of alkoxymethyl groups containing isoxazoles.
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Table 5. Scope of synthesized isoxazoles 9.

Entry Startlpg Acetal R’ Yield, %
material
1 8a OMe 9a (57)
2 8b OBu 9b (43)
3 8c @Q OPn 9c (84)
4 8d o OHex 9d (58)
5 8e H N.R.
6 8f Cl N.R.
7 8a . OMe 9e (55)
8 8b CQ OBu of (59)
9 8d d OHex 9g (58)
10 8a P OMe 9h (79)
11 8b T OBu 9i (48)
12 8c [j OPn 9j (66)
13 8d OHex 9k (47)
14 8a o OMe 9l (58)
e

15 8d \O/©)\ ° OHex 9m (59)
16 8a J OMe 9n (77)
17 8¢ QAOO/\ OPn 90 (30)
18 8d Br OHex 9p (56)

It is worth to mention that cyclization reaction towards isoxazoles proceeded
smoothly with alkynones where triple bond is activated by electron-donating
alkoxy groups only. Alkynones without such substituents for example
chlorosubstituted phenyl or unsubstituted phenyl ring containing alkynones
did not participate in cyclization and remained unreactive at all. It can be
explained by resonance stabilization of the vinylic carbocation forming after
the addition of oxocarbenium ion to the triple bond (Fig. 5).

N~
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Ar

ol
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-
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o
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Figure 5. Resonance stabilization of the vinylic carbocation.
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From the mechanistic point of view, it seems that at the beginning of the
reaction generation of oxocarbenium ion by cleavage of C-O bond of starting
acetal by BFs*Et,0 takes place. Secondly formation of vinylic carbocations
occur when electrophiles are trapped by electron rich alkynes. The subsequent
5-endo-dig cyclization leads to isoxazolium salt. Finally, isoxazoles are
generated by removal of methyl group (Scheme 81).

PR BF,*OEt, Ar
Ar4< _— _\\
OR OR
®
/O\IN
N _Ph S
/\Ph \8/ N \O/N\ o
Ar \, — s OR —> J= — 9
e Ar'
Ar Ar'
8 \ Ar OR
@OR Ar

Scheme 81. Plausible mechanism of oxocarbenium ion mediated cyclization.

Moreover, we have tested our newly developed reaction conditions on 3-aryl-
1-(2-methoxyphenyl)prop-2-yn-1-ones that have methoxy group in close
proximity to the triple bond similarly like (Z)-3-aryl-1-phenylprop-2-yn-1-one
O-methyl oximes (Fig. 6).

Figure 6. Isosteric 3-aryl-1-(2-methoxyphenyl)prop-2-yn-1-ones and (2)-3-
aryl-1-phenylprop-2-yn-1-one O-methyl oximes.

When  3-aryl-1-(2-methoxyphenyl)prop-2-yn-1-ones were mixed with

BFs*Et,O in MeCN at room temperature 6-endo-dig cyclization took place
and chromonium salts were formed (Scheme 82).
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Scheme 82. Formation of chromonium salts and 6-endo-dig cyclization
towards 3-alkoxyarylmethyl-2-aryl-4H-chromen-4-ones 10.

Finally, smooth removal of the methyl group generated 2-aryl-4H-chromen-
4-ones 10 with alkoxyarylmethyl groups in the 3™ position (Scheme 82).
Interestingly, yields were good and the outcome of reactions did not depend
on the presence of electron donating or acceptor groups on the substituted
phenyl ring next to the C=C triple bond (Table 6).

Table 6. Scope of synthesized 3-alkoxyarylmethyl-2-aryl-4H-chromen-4-
ones - 10.

Entry | Starting material Acetal R’ Yield, %
1 79 OMe 10a (99)
2 7h @ OBu 10b (88)
3 7i OHex 10c (70)
4 7] F 10d (97)
5 79 OMe 10e (83)
6 7h CQ OBu 10f (79)
7 7i OHex 10g (80)
O/

J

(o]
o\
/O
8 79 ©*o/ OMe 10h (76)
O
o~

9 79 OMe 10i (82)

Br

To sum up, we have found that (Z)-3-aryl-1-phenylprop-2-yn-1-one O-methyl
oximes 8a-f and 3-aryl-1-(2-methoxyphenyl)prop-2-yn-1-ones 7g-j are
cyclized to substituted isoxazoles 9a-p and 2-aryl-4H-chromen-4-ones 10a-i
correspondingly by treatment with oxocarbenium ions generated from acetals
and BF3*Et,0 in MeCN.



BUILDING OF THIOPHENE RING CONTAINING MOLECULES
FROM 1,3-DISUBSTITUTED-ALKYNONES AND ALKYNOATES
(LITERATURE REVIEW)

Thiophene is often observed as a part of the structure in pharmaceuticals 102
(103] [104] [105] For example, methaphenilene is known antihistamine and
anticholinergic agent tiagabine is used for treatment of epilepsy. Anti-
inflammatory, anti-HIV and anticancer agents based on thiophene are also
known. Thiophene ring is also abundant in antipsychotic and anxiolytic drugs
such as well-known in psychiatry olanzapine and thienodiazepines with
thienotriazolodiazepines (Fig. 7).

/ 74
N ’_S
() o
N
0 Cl
N= 0 N—0H
@ & [ " N
H H,N
Olanzapine Tiaprofenic acid .
Tenidap
R
j//N‘ ROR
N N
s N~ s \/gi
R— |l R R—Q_ R HNTN
N
R R
Protein kinase inhibitor
Thienotriazolodiazepines Thienodiazepines

Figure 7. Notable examples of thiophene containing drugs.

Furthermore, thiophene containing structures are frequently applied in
electronic and optical materials 0810710811091 polythiophene itself or
modified polythiophenes such as PEDOT:PSS (Fig. 8) are very attractive and
versatile materials for electronics because they form transparent, flexible and
conductive layers [1101L1LI112]
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Figure 8. PEDOT.PSS electroconductive polymer.

Moreover, several reports on the emissive properties of monomeric
thiophenes exist [1¥11124] These studies led to the application of thiophenes in
three-dimensional optical storage ¥ and AIE (1161217,

Many synthetical methods of thiophene heterocycle are reported in scientific
literature. Thiophenes are usually built from acyclic precursors in majority of
the reported literature (181,

Following in this chapter the most recent developments of the syntheses of
thiophenes by cyclization of alkynes or alkynones with sulfur containing
molecules or sulfur itself are reviewed.

in 2013 Z. Li group developed an efficient direct intermolecular oxidative
cyclization between thiophenols and alkynes towards benzothiophenes [
(Scheme 83). Mn(OAc), was used as a catalyst and O; as an oxidant. It is

believed that reaction proceeds via radical pathway.
o)

Mn(OAc), 5 mol% R4
O\ )‘\( PhCOOH (2 eq) R
7N AN 2
Scheme 83. Cycllzatlon of thiophenols to benzothiophenes.

C. Huo and his coworkers developed air promoted intermolecular annulation
of alkynes with thiophenols to form benzothiophenes 2%, No catalyst or
additive is needed for reaction to proceed. Dioxane has been screened as the
best performing solvent and air oxygen as sufficient oxidant (Scheme 84).

SH R : R
air
©/ " \ N—Rr
R dioxane, 80°C S

Scheme 84. Annulation of alkynes with thiophenols.
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Authors also provided reaction mechanism which claim that reaction
proceeded radically. Interestingly, that hydrogen peroxide was produced as
byproduct (Scheme 85).

o o \o
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B — e
& 0”0”7
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N—coome Y g CooMe

S H20,

Scheme 85. Proposed reaction mechanism.

B. Konig reported the photocatalytic reaction of o-methylthio-arenediazonium
salts with alkynes which yields substituted benzothiophenes. Large substrate
scope was tested. Regioselectivity and yields were high. Green light
irradiation activates eosin Y dye and it initiated the radical photoredox
reaction 2! (Scheme 86).

R4
X N2BF4 5 mol% eosin Y N
R~ + R——R, > R N\ R,
Z g DMSO, 20°C g
LED 530 nm
40-81%
Scheme 86. Photocatalytic cyclization o-methylthio-arenediazonium salts
with alkynes.

In 2015 H. Liu %2 developed base-Induced [2+2+1] cycloaddition reaction
between alkynes and elemental sulfur. Interestingly reaction proceeds without
reducing, oxidizing agents or metal catalysts (Scheme 87).

R4
KOH
2 R=— R1+ s toluene . © |S Ri
T g\O 100°C,3h o 7 o)

R
Scheme 87. Reactions of various alkynones or alkynoates to thiophenes.

R. Hosseinpour and A. Alizadeh developed method for the synthesis of

tetraalkyl  2,3,4,5-thiophenetetracarboxylate  derivatives 0%, Dialkyl
acetylenedicarboxylates react with elemental sulfur in the presence of
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pyridine, triethyl phosphite, isoquinoline or 1-methyl-1H-imidazole. DCM or
CS; is used as a solvent (Scheme 88).

_R
o}
rooc.  FOOR
o .
o ”Z . S e, I\ngOOR
CS, or DCM ROOC S
R
Scheme 88. Synthesis of tetraalkyl 2,3,4,5-thiophenetetracarboxylate
derivatives.

M. Shankar Singh group developed one-pot two-component [3 + 2]
cycloaddition/annulation reaction for synthesis of thiophenes which are highly
substituted 241, After screening they found that optimal base and solvent for
the reaction to proceed are DMAP and DCM (Scheme 89). Thiophenes forms
at room temperature in a very short manner of time which makes these

conditions very favorable for scale up.
0 0

o S // R R COOR;
A w = *_DMAP, DCM =
R S 8 rt, 3-5 min. s COOR,
Scheme 89. Mild reaction conditions for substituted thiophene synthesis.

Plausible reaction mechanism has been also suggested. It showed that only
catalytical amount of DMAP was needed to accomplish full conversion
(Scheme 90). Reaction intermediate lost methyl mercaptan in the last stage to
yield substituted thiophene ring.

DMAP
|
o|9 0__0 R__O
A oy
{
T — e _COOMe
~ S C
s s P /s~
0~ © COOMe
DMAPH+
: ) -DMAP
COOMe H fOOMe
74 4___B N\
| COOMe
s COOMe'MeSH'\SQ S

Scheme 90. Plausible mechanism of the reaction.

H. Wang group %! developed novel iodine-catalyzed method for the
synthesis of benzothiophenes. Starting materials are substituted thiophenols
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and alkynes. Reaction proceeds under solvent- and metal-free conditions
(Scheme 91).

R
SH R" I DTBP, N, o
|
RE —< e YN
18 h. A ~g OR"

Scheme 91. Reaction of alkynes with subst. thiophenols.

Researchers have found that thiophenols are oxidized and forms electrophilic
species — PhSI which react further.

Ming Yan group developed very similar reaction conditions but their reaction
is promoted by light. Oxygen from air is also necessary as an oxidant %61, No
heating is required (Scheme 92)

R
450 nm S\
; o toene R R4
| air. toluene ~g

Scheme 92. nght promoted annulatlon of alkynes with thiophenols.

H. Wang group developed green and efficient EtsNBr-catalyzed method for
the synthesis of benzothiophenes via cascade reactions of alkynes with
substituted disulfides 2" (Scheme 93). High functional group tolerance has
been experimentally proved. Authors claim that reaction proceeds through S—
S bond cleavage and alkenyl radical cyclization.

R'

R "
S. OR o
LN . w / TEAB 10 mol% ~AL P
- 0 Kg8;08 DCE, 90°C Ry s ore

Scheme 93. EtsNBr-catalyzed synthesis of benzothiophenes.

Wei-Ping Deng with colleagues reported Cu(ll)-catalyzed synthesis of 2-
aminothiophenes from thioamides with alkynoates under an air atmosphere
(Scheme 94) 12281,

CO,R
s COR, EWG 2
Cu(OAc), 10mol% A\
EWG\)J\N,R ) I o L ) coR
) DMA, 80°C N S
R, R,0,C F'h

Scheme 94. Synthesis of 2-aminothiophenes.

After screening they found that optimal solvent for the reaction is DMA and
best catalyst is copper (1) acetate. Reaction proceeds smoothly with slight
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heating. Authors also reported possible reaction mechanism. Importance of
oxygen and copper catalysis is discussed in paper.

Recently J. P. A. Harrity group published synthesis of thiophene boronates
from ynone trifluoroborate salts and alkylthiols 2, With optimal conditions
reaction proceeds at room temperature with K>COs as a base and MeCN,
MeOH solvent mixture (Scheme 95).

0
o Hs\)J\o/ o
o o, \OJI;
R N > BF3;K
e MeCN, MeOH 7
Scheme 95. Synthesis of thiophene boronates.

Authors have found that when tBuOK/ABuUOH are used instead of
K>COs/MeOH other thiols also react with ynone trifluoroborate salts to form
thiophenes. Unfortunately, only alkylthiols bearing electron deficient
substituents can be used.

Mechanistic studies were also accomplished. Authors speculate that thiol adds
to the ynone reversibly (Scheme 96).

N
o] R R
J\ 1 © 1_\3 ROH 0 3
R -
N == R>:C_ﬂ/ RJ\%BFS,K
BF3K BF;K RO" H
ROH || RO"
5 _
ﬁ/BFgK o R
S ‘ R)J\/KBFgK

Scheme 96. Proposed reaction mechanism.

S. Lee developed method for direct synthesis of furans and thiophenes via
decarboxylative coupling of alkynyl carboxylic acids (Scheme 97).
Interestingly H2O or Na,S are used as a source of oxygen for furans and sulfur
for thiophenes 37,

10 mol% Cul Na,S* 9H,0

20 mol% 1,10-Phen KOH Ar. s
Ar—==—CO,H > - \D, Ar

K,CO3 2eq., DMSO 100°C, 5h /

Scheme 97. Synthesis of 2,5-diaryl furans and thiophenes.

Y. Yamamoto group reported synthesis of dihaloheterocycles via electrophilic
iodocyclization of substituted but-2-yn-1-ones bearing -OH, -NTs, and -SAc
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functional groups %4, Diiodothiophenes were synthesized in perfect yields
using nitromethane as a solvent (Scheme 98).

I O
AcS _ P h3ea S‘/ A UAN
O MeNO, rt., 5h | |
|
Scheme 98. Formation of diiodothiophenes.

Authors also report applicability of synthesized diiodocompounds. For
example, the synthesis of rubrene.
In 2018 V. G. Nenajdenko reported synthesis of 3-CFs-thiophene derivatives
form the reaction of CFs-ynones with methyl thioglycolate %21 (Scheme 99)
(R = Ph, 4-CIPh, 4-MePh, nHex, 4-MeOPh, 4-MeSPh 4-tBuPh).

CF4

R——=— g HS/\H/ MeONa ) \ o

MeOH rt. R g
o}

Scheme 99. Synthesis of 3-CFs-thiophene derivatives.

Pierre Frere group reported synthesis of 3-substituted thieno[3,2-b]furans 3
via series of reactions all starting from methyl thioglycolate and dimethyl
acetylenedicarboxylate (Scheme 100).

\ OH
0 o) 9] 1) K,CO
>%< +HS/\H/ N KGO o JY 0
0 o) o 2) H,S0, S
\ SN o}

Scheme 100. Reaction of methyl thioglycolate with dimethyl
acetylenedicarboxylate.

M. Teiber and T. J. J. Mdiller developed three-component synthesis of 2,4-
disubstituted thiophene 5-carboxylates via consecutive Sonogashira—
Fiesselmann sequence starting from ethyl 2-mercapto acetate, terminal
alkynes and aroyl or heteroaroyl chlorides (Scheme 101). Reported yields of
the products are good to excellent 234 (R = 2-thienyl, 4-MeOPh, 4-MePh. R’
= Ph, SiMegs, ferrocenyl, 2-thienyl).

PdCI,(PPh3), 2 mol%
Cul 4 mol% R

] NEt; 1,05 eq. THF, r.t. 2 h
)J\ + ——R & > I\>\R.
R™ ~cl Then: EtO,CCH,SH 1.2 eq. Et0,c” S
EtOH, DBU 1.5eq.rt. 12-24 h

Scheme 101. Consecutive three-component Sonogashira alkynylation—
Fiesselmann condensation.
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T. J. J. Miller group established earlier developed methodology towards the
synthesis of highly luminescent symmetrical terthiophenes and
quinguethiophenes (Scheme 102). These highly luminescent symmetrical
molecules were synthesized from ethyl 2-mercapto acetate and heteroaryl
bisacidchlorides (Scheme 103) or aryl bisacidchlorides and terminal alkynes
or acidchlorides and terminal dialkynes (Scheme 104). Authors have also
demonstrated that these systems can be further modified to valuable
halogenated substrates for metal-catalyzed reactions like Sonogashira
coupling 81,

PdCly(PPhj),, Cul, /
+/</——§\ NEt; 1,05 eq. THF, rt. R q N \s CO,Et
= g~ X3 Then: EtOH, DBU S /
EtO,CCH,SH EtO,C R
Scheme 102. Consecutive pseudo-five-component Sonogashira

alkynylation- Fiesselmann cyclocondensation synthesis of symmetrically
substituted ter- and quinquethiophenes.

al PdCl,(PPhs),. Cul, COzEt
o s © NEt3 1,05 eq. THF, it Etoz
W) "= Then: EtOH, DBU \
cl EtO,CCH,SH /

Scheme 103. Consecutive pseudo-five-component Sonogashlra
alkynylation- Fiesselmann cyclocondensation synthesis of centrally a,0’-
disubstituted ter- and quinquethiophenes.

PdCly(PPhs),, Cul, CO,Et EtO,C

NEt3 1,05 eq. THF rt
/ S

R Then: EtOH, DBU

EtO,CCH,SH
PdClz(PF’hg,)zY Cul, R R

/@/ NEt; 1,05 eq. THF, r.t. B Y |

Then: EtOH, DBU s S
EtO,CCH,SH EtO,C COAEt

Scheme 104. Consecutive pseudo-five-component Sonogashira
alkynylation-Fiesselmann cyclocondensation synthesis of the dithienyl
dumbbells.
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SYNTHESIS AND STUDY OF PHOTOPHYSICAL PROPERTIES
OF 2,3,5-TRISUBSTITUTEDTHIOPHENES DERIVED FROM
1,3-DIARYLALKYNONES

We have decided to investigate applicability of 1,3-diaryl alkynones as
starting compounds for potentially fluorescent substituted thiophenes. From
variety of methods for the synthesis of 2,3,5-trisubstituted thiophenes we
chose the Fiesselmann reaction. Which is especially suitable because 2,3,5-
trisubstituted thiophenes can be synthesized from 1,3-diaryl alkynones 7 and
mercaptoacetate or substituted methylene thiols in one step 1361 1371 (Scheme
105).
R

— NaOH

() )
HS” R,
R4

Scheme 105. Fiesselmann approach towards 2,3,5-trisubstituted thiophenes.

We have noticed that several of our newly synthesized thiophene derivatives
14 glow under UV light. We have also found that very little information about
optoelectronic properties of monomeric thiophenes exist. According to
literature the relationship between emissive properties and the structure of
monomeric thiophenes has never been systematically studied. And there is
only one example in the scientific literature where benefits of
phenanthroimidazole or benzimidazole introduction in the position 2 of
thiophene ring to photophysical properties are described 4. Additionally,
scientists have demonstrated that emissive properties of oligomeric
thiophenes are almost unaffected when non conjugating aromatic substituents
are introduced %71, The lack of scientific literature on the topic of emissive
properties of monomeric thiophenes and our hope to find really applicable
new substituted thiophene fluorophores inspired us to synthesize and explore
physicochemical properties (quantum yield, absorption and emission
maximum) of 2,3,5-trisubstituted thiophenes with different substituents
(electron donating or withdrawing groups) on aryl moieties.

First of all, we have synthesized several methyl thiophene-2-carboxylates 11
by utilizing alkynones 7 and methyl mercaptoacetate with catalytical amount
of DBU in MeOH (Scheme 106, Table 7).
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Scheme 106. Synthesis of methyl thiophene-2-carboxylates 11.

Table 7. Scope of synthesized methyl 3,5-disubstitutedphenylthiophene-2-
carboxylates 11.

Entry Starting material R R! Yield, %
1 7K OMe | OMe 11a (84)
2 7p OMe Cl 11b (77)
3 7e H H 11c (78)
4 7a H OMe 11d (84)
5 7s CN | OMe 11e (81)

Substituted methyl thiophene-2-carboxylates were reduced by LAH in
absolute Et,0 to afford 3,5-disubstituted thiophen-2-ylmethanols [*¢1 (Scheme
107, Table 8).

»

1" 12

Scheme 107. Reduction of ester group with LAH.

Table 8. Scope of synthesized 3,5-disubstituted thiophen-2-ylmethanols 12.

Entry Starting material R R! Yield, %
1 1lla OMe | OMe 12a (99)
2 11b OMe Cl 12b (68)
3 11c H H 12c (93)

3,5-Disubstituted thiophen-2-ylmethanols 12 were oxidized with mild
oxidizing reagent PCC in DCM as a solvent to afford aldehydes (Scheme 108,
Table 9). Addition of sodium sulfate to the reaction mixture helped to ease
filtration during workup.
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S ' DCM S 1
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12 13

Scheme 108. Mild oxidation with PCC.

Table 9. Scope of synthesized 3,5-disubstituted thiophene-2-carbaldehydes
13.

Entry Starting material R R? Yield, %
1 12a OMe OMe 13a (65)
2 12b OMe Cl 13b (70)
3 12¢ H H 13c (62)

Various chalcone derivatives were obtained from previously synthesized 3,5-
disubstituted diphenylthiophene-2-carbaldehydes and acetophenones in
ethanol as a solvent with catalytical amount of sodium hydroxide 3% (Scheme

109, Table 10).

R
0 X
R2
WS
Ro N S !
O

JE—— -
el
s NaOH, EtOH
o
13 14

Scheme 109. Synthesis of chalcone derivatives.

Table 10. Scope of synthesized (E)-3-(3,5-disubstitutedphenylthiophen-2-yl)-
1-substitutedprop-2-en-1-ones 14.

Entry | oartng R R! R? Yield, %
material
1 13a OMe OMe 4-CI-Ph 14a (84)
2 13a OMe OMe 3-Py 14b (98)
3 13c H H 4-CN-Ph 14c (87)
4 13a OMe OMe 4-MeO-Ph 14d (77)
5 13a OMe OMe 4-Br-Ph 14e (90)
6 13a OMe OMe 4-CN-Ph 14f (90)
7 13b OMe Cl 4-OMe-Ph 14g (78)
8 13b OMe Cl 3-Py 14h (58)
9 13b OMe Cl 4-Pe-Ph 14i (43)
10 13b OMe Cl 4-CN-Ph 14j (71)
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We have measured photophysical properties of our newly synthesized
chalcone type derivatives 14 (Table 11). Emission maxima was observed in
green range from 516 nm to 562 nm. Measured quantum yields were quite low
in solid state and in MeCN solution from 0.2% to 14.9%.

Table 11. Results of photophysical measurements of chalcone derivatives 14.

QY,
Em., | % QY, %
1 2 ! !
Comp. | R R R Abs., nm nm (solut | (solid)
ion)
240, 262,
1l4a OMe | OMe | 4-CIPh 282, 360 537 0.5 14.9
14b OMe | OMe | 3-Py 254, 422 538 0.4 8.9
l4c H H 4-CNPh 264, 408 516 0.2 6.9
14d OMe | OMe | 4-MeOPh 1211187 296, 523 0.4 2.9
240, 262,
14e OMe | OMe | 4-BrPh 282, 420 536 0.7 10.1
14f OMe | OMe | 4-CNPh 264, 430 562 1.8 4.6
14g OMe | CI 4-OMePh ggj’ 212, 458 0.4 4.0
14h OMe | CI 3-Py 235, 267, 510 0.2 2.8
408
14i OMe | CI 4-PePh 240,273, 460 0.7 0.7
334
14j OMe | CI 4-CNPh 263,414 529 0.5 25

Inspired by promising results of photophysical measurements of previously
studied chalcone type derivatives 14 we have synthesized scope of (E)-1-(3,5-
disubstitutedphenylthiophen-2-yl)-N-substitutedphenylmethanimines 15
(Scheme 110, Table 12). Sadly, none of these imines 15 exhibited
fluorescence under UV light. It might be that non-radiative energy transfer is
responsible for the absence of fluorescence in compounds 15.

"™ o

2
E— .
B W
l S THF, Nay,SO,4
© 13

Scheme 110. Synthesis of (E)-1-(3,5-disubstitutedphenylthiophen-2-yl)-N-
substitutedphenylmethanimines 15.
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Table 12. Scope of synthesized imines 15.

Entry | Santing R R! R Yield, %
material

1 13b OMe | CI Ph 15a (73)

2 13b OMe | CI | 4-MeO-Ph 15b (75)

3 13b OMe | CI 4-F-Ph 15¢ (76)

4 13b OMe | CI PhNH- 15d (75)

5 13b OMe | CI | 4Brph 15¢ (17)

After failed attempts to synthesize fluorescent molecules. We have
synthesized series of (E)-3,5-disubstitutedphenyl-2-styrylthiophenes 16 from
aldehydes 13 by Wittig reaction (Scheme 111, Table 13) these molecules are
structurally similar to chalcone type derivatives 14 but lacks C=0 fragment.

R
[ IO R
Ry
—_
[ )=
1 S KOtBu, DCM
o)

13

Scheme 111. Synthesis of styrylthiophenes 16.

Table 13. Scope of synthesized (E)-3,5-disubstitutedphenyl-2-
styrylthiophenes 16.

Entry | Sorung R R! R? Yield, %
material

1 13b OMe Cl H 16a (65)

2 13b OMe Cl 4-MeO-Ph 16b (69)

3 13b OMe Cl 4,5-diMeO-Ph 16¢ (59)

4 13b OMe Cl Cl 16d (72)

When measured photophysical properties of newly synthesized (E)-3,5-
disubstitutedphenyl-2-styrylthiophenes 16 (Fig. 9) we have observed
significant improvement of PLQY in comparison to chalcone type derivatives
14 —up to 20.5%. Emission maxima of 16 is in blue range. Between 428 — 467
nm (Table 14).
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Figure 9. (E)-3,5-disubstitutedphenyl-2-styrylthiophene type derivatives 16.

Table 14. Photophysical measurements of (E)-3,5-disubstitutedphenyl-2-
styrylthiophenes 16.

. , Abs, [Em.,| QY,% |[QY,%

Comp. | R R R nm nm | (solution) | (solid)
240,

16a | OMe | CI H 281, jiz 2.7 7.4
366
241,

16b | OMe | CI | 4-MeOPh 287, 459 12.7 20.5
381
45 238,

16c | OMe | CI diMeOPh 284, 467 12.7 4.7
382
239,

16d | OMe | CI Cl 281, 453 2.1 19.6
367

Quantum vyields and other properties of chalcone 14, imine 15 and
styrylthiophene 16 derivatives were insufficient for the application in
optoelectronics. But these compounds were good leads for the further research
and optimization towards the better fluorophores. Thus, we have decided to
synthesize  1-(3,5-diphenylthiophen-2-yl)-3-substitutedphenylprop-2-yn-1-
ones 19 and build various heterocycles from alkynone moiety in order to
extend conjugated pi double bond system. We have synthesized several more
substituted 1,3-diarylakynones from 1,3-diarylakynones themselves. Starting
from previously synthesized methyl 3,5-diphenylthiophene-2-carboxylate 11c
corresponding carboxylic acid 17 has been synthesized by hydrolysis with
sodium hydroxide in boiling iPrOH and precipitation by adding water and
adjusting pH to below 2 with conc. HCI. Obtained carboxylic acid was air
dried and reacted with thionyl chloride and catalytic amount of DMF to afford
3,5-diphenylthiophene-2-carbonyl chloride 18 (Scheme 112).
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1) NaOH,
iPrOH
2) HCl

N . — N\
o) , s O 0 DMF O I s
0 OH Cl
11c 17 18
Scheme 112. Synthesis of 3,5-disubstituted thiophene-2-carbonyl chloride

18.

Obtained 3,5-disubstituted thiophene-2-carbonyl chloride 18 reacted with
phenylacetylenes under Sonogashira reaction conditions to afford 1-(3,5-
disubstituted phenylthiophen-2-yl)-3-substituted phenylprop-2-yn-1-ones 19
(Scheme 113, Table 15).

Cul; Et3N; Tol O O

R 19

Scheme 113. Synthesis of 1-(3,5-diphenylthiophen-2-yl)-3-
substitutedphenylprop-2-yn-1-ones 19.

Table 15. Synthesized 1-(3,5-diphenylthiophen-2-yl)-3-
substitutedphenylprop-2-yn-1-ones 19.

Entry R Yield, %
1 H 19a (80)
2 Cl 19b (32)

Next, 1-(3,5-diphenylthiophen-2-yl)-3-substitutedphenylprop-2-yn-1-ones 19
were cyclized by utilizing reactions with hydroxylamine, pyridin-4-
ylmethanethiol, hydrazine, (1H-benzo[d]imidazol-2-yl)methanethiol and
various substituted heterocycles - isoxazole, thiophene, pyrazine and subst. 2-
(thiophen-2-yl)-1H-benzo[d]imidazole were obtained accordingly (Scheme
114).
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22 (48%)
Scheme 114. Synthesis of substituted heterocycles from 19.

Photophysical properties of our newly synthesized isoxazole, thiophene,
pyrazine and subst. 2-(thiophen-2-yl)-1H-benzo[d]imidazole derivatives were
also measured (Table 16).

Table 16. Photophysical measurements of isoxazole 20, thiophene 21,
pyrazine 22 and substituted 2-(thiophen-2-yl)-1H-benzo[d]imidazole 23.

QY, % QY, %
Compound Abs., nm Em., nm (solution) (solid)
20 262, 336 419 2.3 26.2
21 240, 264, 312 474 2.1 1.6
22 258, 322 394 2.7 1.7
240, 266, 322,
23 364 466 4.3 1.69

Quantum yields were low in comparison to smaller substituted thiophenes 14,
15, 16. We have decided to reduce complexity of the molecule in order to
obtain more planar geometry of conjugated bond system which is important
factor for fluorescent materials to achieve higher quantum yields (Fig. 10).
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Figure 10. Resonance forms of substituted 2-(thiophen-2-yl)-1H-
benzo[d]imidazoles.

We have attempted to construct 2-(thiophen-2-yl)-1H-benzo[d]imidazoles by
the adapted literature method ™34 via Fiesselmann cyclization reaction
between 1,3-diarylalkynones and 1H-benzimidazole-2-methanethiol 24a.
According to the literature DBU is used as a base in the Fiesselmann
cyclization in most of the cases. But when we attempted cyclization of 1 eq.
1,3-bis(4-methoxyphenyl)prop-2-yn-1-one 7k with 1 eg. of 1H-
benzimidazole-2-methanethiol 24a in ethanol at reflux temperature with 1
eq. of DBU as a base desired thiophene derivative 25a was obtained in 19%
yield only. Increase of the yield up to 51% was observed when large excess
of thiol 24a (6 eq.) was used but isolation of desired compound from
reaction mixture was complicated. Solvent change to DMF or THF did not
improve yield of the product. After testing various reaction conditions, we
were pleased to find that KOH or NaOH in ethanol gives nearly quantitative
yield of desired thiophene 25a (Scheme 115, Table 17).

/
O

' @EN% conditions O
- N N AL 9
s %
O
/O 24a 253
Scheme 115. Screening of optimal reaction conditions.

Table 17. Optimization of the Fiesselmann reaction conditions.

Entry | Eq. of 7k | Eq. of 24a | Base, eq | Solvent | Temp. | Yield, %
1 1 15 DBU,1 | EtOH | reflux | 19
2 1 3 DBU,1 | EtOH | reflux | 37
3 1 6 DBU,1 | EtOH | reflux | 51
4 1 15 DBU,1 | THF reflux | 63
5 1 15 DBU,1 | DMF |80°C |54
6 1 15 NaOH, 1 | EtOH | reflux | 92
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Most of the literature examples use easy-to-oxidize, relatively toxic and
smelly mercaptans. It is one of the most essential drawbacks of the
Fiesselmann cyclization. Thiols tend to get easily oxidized by oxygen in the
air to disulfides which do not participate in cyclization reaction under our
developed conditions. Thiols also have unpleasant odor and are relatively
toxic. We were pleased to find that carbamimidothioates 24c-e (Fig. 11) can
be used in place of thiols. These substances are easy to synthesize from
thiourea and are easy to handle and very stable at storage conditions.

NH

~ AN

R7S7 NHy*HCI
Figure 11. General structure of carbamimidothioates 24c-e.

Several substituted thiophenes 25 were synthesized by using optimized
reaction conditions. We have found that our optimized conditions are general
to wide scope of alkynones 7. Although electron rich substrates with electron
donating groups such as methoxy gave better yields in comparison with
electron poor substrates bearing electron withdrawing trifluoromethyl
substituents. Similar relationship between electronic effects and yields was
observed for thiols and carbamimidothioates. More electron rich thiols and
carbamimidothioates provided better yields (Scheme 116, Table 18).

Ry

v

EtOH, reflux R /]

s
s U

R4
Scheme 116. Synthesis of 2,3,5-trisubstituted thiophenes 25.

3 eq. NaOH
—_—
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Table 18. The Fiesselmann type reaction between alkynones 7 and thiols 24a-
b or carbamimidothioates 24c-e.

Entry | 229 | g R! RCH,SX Yield, %
material
1 7e H H 25a (62)
2 7k OMe | OMe 25b (92)
25c (42); 27a
3 7 CRa | OMe | ool o CHuSH (10)
4 7m OMe CFs 24a 25d (64)
25¢ (44); 27f
5 n CFs CFs (50)
6 70 OPe OPe 25f (72)
7 7e H H 2-(5-CI-BZI)- 25¢ (55)
8 7k OMe | OMe CH,SH 25h (58)
9 71 CF3 OMe 24b 251 (64)
10 Te H H 2-(5,6-diCl- 25j (60)
11 7k oM oM BZI)- 25k (74
¢ € | CH,SC(NH2).Cl (74)
12 71 CF3 OMe 24c 251 (62)
13 7e H H 25m (67)
14 7k OMe OMe 4-Py- 25n (89)
15 71 CFs OMe | CH.SC(NH.):Cl | 250 (51)
16 7m OMe CFs 24d 25p (67)
17 7n CFs CFs 25r (50)
2-(1-Me-IMD)-
18 7k OMe | OMe | CH,SC(NH.):Cl | 255 (30)
24e

Interestingly in some cases we have succeeded to isolate intermediates of
cyclization reaction 27. In cases 1-3 (Table 19) even after prolonged heating
of reaction mixtures dihydrothiophen-3-ols 27a — 27c were observed as the
major products. Dihydrothiophen-3-ols can be easily aromatized to
corresponding thiophenes 25 by heating in acidified solution (Scheme 117).
We have also observed slow dehydration of 27 to thiophenes 25 in NMR
samples dissolved in DMSO.
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Scheme 117. Dehydration of dihydrothiophen-3-ols 27 to thiophenes 25.

Table 19. Scope of isolated dihydrothiophen-3-ols.

Starting ) 1 Product (Yield,
Entry | o R R RCH,SX %)
1 71 CFs [OMe |, (1-Me-IMD) 27a (38)
2 7m OMe | CFs | | SC(NHACI 27b (44)
3 7n CF:; | CFs ? 22 27¢ (41)
24e
4 7e H H 27d (10)
5 71 CFs | OMe| BZI-2-CH,SH 27e (50)
6 7n CF:s | CFs 24a 27f (50)

Moreover, after synthesizing series of 2-substituted-3,5-diphenylthiophenes
25 where R = 2-BZI, 2-(5-CI-BZl), 2-(5-CI-BZI) we have investigated

photophysical properties of these compounds (Table 20).

Table 20. Photophysical properties of 2,3,5-trisubstitutedthiophenes 25.

Em.
Abs | nm. | Em. QY
Comp. R? R! y Sol nm. sgl\tjiicc){% %
nm | utio | Solid solid
n
237,
25a H H 2-BZI 266, | 433 | 456 38.9 8.5
347
235,
25b OMe | OMe 2-BZI 278, | 445 467 28.0 17.0
356
234,
25¢ CF; | OMe 2-BZI 274, | 454 | 459 775 22.0
358
238,
25d OMe | CFs 2-BZI 280, | 444 | 457 28.6 45
354
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Table 20 continuation. Photophysical properties of 2,3,5-
trisubstitutedthiophenes 25.

Em.
Abs | nm. | Em. QY
Comp. R? R? R . Sol | nm. s(cg)l\lzii?n %
nm | utio | Solid solid
n
238,
25e CF;s | CFs 2-BZl | 272, | 442 | 512 53.5 2.1
352
234,
25f OPe | OPe 2-BZI | 280, | 441 | 464 33.8 1.8
356
235,
25g H H 2-(>-Cl- 266, | 435 | 459 45.0 175
BZI)
350
234,
25h oMe | ome | Z&Ck 280, | 445 | 463 42.5 11.6
BZI)
360
235,
25i CF; | OMe 2-(>-Cl- 274, | 460 | 467 77.4 30.6
BZI)
360
2-(5,6- | 232,
25j H H diCl- | 268, | 434 | 475 63.1 52.2
BZI) 355
2-(5,6- | 234,
25k | OMe | OMe diCl- | 280, | 467 | 465 34.6 15.1
BZI) 368
2-(5,6- | 236,
251 CF; | OMe diCl- | 275, | 462 | 478 82.6 30.9
BZI) 365
25m H H 4-Py 265, | 416 | 414 2.1 2.0
329
252,
25n | OMe | OMe 4-Py | 280, | 440 | 538 4.0 0.9
340
236,
250 CF; | OMe 4-Py | 270, | 460 | 550 33.9 11.9
340
242, 436
25p | OMe | CF3 4-Py | 284, | 436 ’ 1.9 8.4
525
332
240,
25r CFs | CFs 4-Py | 268, | 406 | 446 2.0 6.1
326
236,
25t | oMe | ome | ZEMeogo" a0 | NA 14 NA
IMD) | 31g
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We have studied that when R1 and R2 are electron donating groups (OMe)
thiophene ring resulted in increase of the solid state PLQY and decrease of
PLQY in solution in comparison to 25a where R1=R2=H.

Interestingly when R1=R2=0Pe 25f observed PLQY was similar to thiophene
without alkyloxy groups 25a. When R1 and R2 are EWGs observed PLQY
was lower in solid state but increase of PLQY was observed in the solution.
Increase of PLQY in both solution and in solid state was observed when R2 is
electron withdrawing group (CFs) and R1 was electron donating (OMe) group
25c.

Exchange of substituents R1 and R2 resulted in decrease of PLQY in both
solution and in solid state 25d (Table 20).

We have also studied the effect of electronic properties of the benzimidazole
core to the PLQY of derivatives 25. Introduction of Cl substituents to
benzimidazole resulted in increased PLQY 25g (5-CI-BZI) and 25j (5,6-diCl-
BZI) compared to 25a (Table 20).

The highest PLQY in both solution and solid state of studied compounds was
observed for 251 with the most electron deficient benzimidazole core and
R1=CFs, R2=OMe (Table 20).

We have also studied importance of benzimidazole substituent at position 2
and found that when pyridine 25m-25r or N-methylimidazole 25t are
introduced in the place of benzimidazole significant decrease of PLQY is
observed.

It can be concluded that the introduction of 5,6-dichloro-2-benzimidazolyl
substituent in 2" and EWG-substituted arenes in 3" and EDG-substituted
arenes in 5" position of thiophene core results in the highest PLQY.
Thiophenes where R = 2-benzimidazolyl (unsubstituted, 5-ClI, and 5,6-di-Cl)
showed three characteristic absorption bands in solid state at 232 — 238 (band
1); 266 — 280 (band 2) and 347 — 368 (band 3) nm respectively (Table 20).
Only one broad emission band with maxima at 433 — 467 nm was observed in
acetonitrile solutions for these thiophenes.

By comparing 25j and 25k it becomes clear that the presence of EDG in 5
position of thiophene ring gives bathochromic shift of emission peak maxima
(from 434 to 467 nm), absorption band 2 (from 268 to 280 nm), band 3 (from
355 to 368 nm).

Bathochromic shifts were also observed for thiophenes substituted with 4-
pyridinyl group in 2" position and EDG (4-methoxyphenyl) in 3™ or 5" or
both positions of thiophene core.

All of our studied thiophenes in acetonitrile solution gave broad emission
peaks without any distinctive bands (Table 20). According to literature TICT
phenomenon is characteristic to compounds with broad emission peaks 1491,
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Moreover, solvatochromism and viscosity studies were conducted to prove
whether TICT is responsible or not for the observed emission because it is
known that TICT is sensitive to viscosity and solvent effects [1401 [1411142],
Thiophene 250 was used in the viscosity and solvatochromism study due to
high solubility and relatively high intensity of the emission (33.9% PLQY).
The shift of emission maxima from 440 nm in dioxane to 468 nm in DMSO
(Fig. 12) provides evidence for TICT.

400 450 Wavelength /om 500 550 0%

Figure 12. Dependence of emission intensity on solvent polarity.

We have also measured emission intensity of 250 in various EtOH/glycerol
mixtures (Fig. 13).

550 600 630

400 450 500 Wavelength / nm

Figure 13. Dependence of emission intensity on solvent viscosity.
Observed correlation between viscosity of the solvent and the emission

intensity provided further support of TICT. We have measured the emission
intensity of 250 in degassed with nitrogen and aerated solutions and observed
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no difference — intensity of emission was similar in both solutions (Fig. 14).
It means that triplet states do not participate in the emission because triplet
states would be quenched by air oxygen and it would cause differences in the
emission intensities in aerated and nitrogen purged solutions 431,

air

nitrogen

ounts/10°

! 1 L ] L n
400 450 500 550 600 650
‘Wavelength / nm

Figure 14. Dependence of emission intensity on presence/absence of
oxygen.

We have also measured the emission intensity of 250 at lowered temperature
(from 293K to 233K) (Fig. 15) and registered increase of emission intensity.

400 450 500 550 600 650
‘Wavelength / nm

Figure 15. Emission intensity of 250 at lowered temperature.

Both experiments prove that our studied materials do not possess TADF
character and that singlet states are responsible for the emission of light.
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EXPERIMENTAL PART

General information: C3, H NMR spectra were recorded at 100 MHz and 400
MHz accordingly with Bruker AscendTM spectrometer. Chemical shifts are
reported in ppm using the residual protic solvent as the internal standard. Data
is reported as follows: chemical shift, integration, multiplicity (s = singlet, d
=doublet, t =triplet, g = quartet, br = broad, m = multiplet), coupling constants
(Hz). Mass spectra were recorded with a TSQ EnduraTM spectrometer (ESI)
in positive mode. Melting points of synthesized compounds were monitored
in open capillary with “Stuart SMP 10” apparatus. Reaction process was
monitored by TLC using Silicagel 60 F254 Merc plates. For purification
Silicagel 60 (40-63 um), hexane or petroleum ether (PE), ethyl acetate (EA),
toluene (Tol), chloroform (CHCls), acetonitrile (MeCN) and their mixtures
were used as eluents.

Absorption and emission in the solution (MeCN 10° M), as well as solid state
emission spectra were measured on the FS5-Edinburgh instruments
spectrofluorometer in ambient atmosphere and room temperature. The PLQY
were determined by the absolute method at ambient temperature using an
integrating sphere. Compounds were excited in the wavelength they absorbed
in. The temperature measurements were conducted in a cryostat using
EtOH/liquid nitrogen as coolant.

Synthesis of cinnamic acids (1a-b) (general procedure):

Aldehyde (1 eg. 0.2 mol) is added to round bottom flask with malonic acid
(1.5 eq. 0.3 mol) and piperidine (6 mol%, 1 g, 1.2 ml) together with (2.4 eq.
38 g, 34 ml) pyridine. Reaction mixture is stirred for 3 hours in oil bath set to
120°C. After cooling reaction mixture to room temperature HCI 2M is added
until pH = 1. Precipitate is filtered and recrystallized from iPrOH.

(E)-3-(4-methoxyphenyl)acrylic acid (1a)
White crystals, m.p. 174 °C (lit. 171 - 173°C 44) (Rf = 0.7, DCM:MeOH =
9:1), Yield: 79%.

(E)-3-(4-chlorophenyl)acrylic acid (1b)

White crystals, m.p. 240 °C (lit. 241 - 243°C 04%) (Rf = 0.5, HCCl5:MeOH =
9:1), Yield: 92%.
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Synthesis of (Z)-1-(2-bromovinyl)-4-substitutedbenzenes (2a-b) (general
procedure):

Cinnamic acid 1 is dissolved in HCClI3 (25 ml for 5g) and bromine 1.05 eq. is
added dropwise. Precipitate formed in 10 min. is filtered and washed with
petroleum ether and dried in vacuum. Crystalline material is transferred into
round bottom flask and DMF (90 ml for 40 g) is added. After addition of
triethylamine 1.02 eq. reaction mixture is heated at 80°C for 0.5 h. Water is
added and mixture is extracted with MTBE. Organic layer is washed with sat.
NaCl solution and dried with Na,SOs. Solvent is removed under vacuum and
obtained oily residue is used for the next step without further purification.

(2)-1-(2-bromovinyl)-4-methoxybenzene (2a)

Yellow oil, Yield: 85%.

IH NMR (400 MHz, CDCls) &: 7.70 (2H, d, ] = 8.8 Hz), 7.01 (1H, d, J = 8.4
Hz), 6.91 (2H, d, J = 8.8 Hz), 6.30 (1H, d, J = 8.4 Hz), 3.85 (3H, s) ppm.

(2)-1-(2-bromovinyl)-4-chlorobenzene (2b)

Yellow oil, Yield: 73%.

IH NMR (400 MHz, DMSO-dg) &: 7.72 (2H, d, J = 8.5 Hz), 7.49 (2H, d, J =
8.6 Hz), 7.27 (1H, d, J = 8.0 Hz), 6.78 (1H, d, J = 8.0 Hz) ppm.

Synthesis of 4-substitutedphenylacetylenes (3a-b) (general procedure):
(2)-1-(2-bromovinyl)-4-substitutedbenzene 2 (1 eq. 0.2 mol) is dissolved in
MeOH (5 ml for 2 g) and NaOH (2 eg. 0.4 mol, 16 g) is added. Reaction
mixture is refluxed for 5 h. Solvent removed under vacuum and water is
added. Mixture is extracted twice with PE. Organic layer dried with Na>SO,
and solvent removed under vacuum. In case of 3a product distilled under
vacuum. In case of 3b product crystallized spontaneously after removal of the
solvent.

1-Ethynyl-4-methoxybenzene (3a)

Transparent colorless liquid, b.p. 95-97°C @ 25torr (Rf = 0.5, PE:EA = 20:1),
Yield: 60%

'H NMR (400 MHz, CDCls) é: 7.46 (2H, d, J = 8.9 Hz), 6.87 (2H, d, J = 8.9
Hz), 3.84 (3H, s), 3.03 (1H, s) ppm.

1-Chloro-4-ethynylbenzene (3b)

White crystals, m.p. 44-46 °C (Rf = 0.2, PE:EA = 4:1), Yield: 80%.

'H NMR (400 MHz, CDCl3) 6: 7.44 (2H, d, J =8.5 Hz), 7.32 (2H, d, J = 8.6
Hz), 3.13 (1H, s) ppm.
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Synthesis of methyl 4-(pentyloxy)benzoate (4):

Into 500 ml round bottomed flask 200 ml acetone and 44g K,COj3 together
with 40g of methyl 4-hydroxybenzoate were loaded. Mixture was degassed
with argon and 40 ml of freshly distilled ylbromide was added. Mixture was
refluxed for 12 h. Reaction mixture was poured into 1000 ml water and
extracted with MTBE. Organic layer washed with sat. NaCl solution and dried
with anhydrous Na;SO.. After removal of the solvent yellowish oil was
obtained which was sufficiently pure for the further chemical transformations.
Yellowish oil. Yield: 93%.

'H NMR (400 MHz, CDCls) &: 8.00 (2H, d, J = 8.8 Hz), 6.92 (2H, d, ] = 8.8
Hz),4.02 (2H,t,J=6.6 Hz), 3.91 (3H, 5), 1.93 - 1.76 (2H, m), 1.52 — 1.31(4H,
m), 0.96 (3H, t, J = 7.6 Hz) ppm.

13C NMR (100 MHz, CDCls) &: 167.03, 163.01, 131.58, 114.09, 68.21, 51.84,
28.80, 28.13, 22.41, 13.97, 13.88 ppm.

Synthesis of 4-(pentyloxy)benzoic acid (5):

54q of ester 4 is transferred into 500 ml round bottomed flask and 230 ml of
iPrOH with 20 ml H,O and 20g NaOH are added. Mixture is refluxed for 1 h.
and 200 ml H2O is added together with HCI until pH = 1. Formed white
material is filtered and washed with H,O and air dried.

White powder, m.p. 119 - 122 °C. (lit. 122 - 124°C ¢l Yield: 67%.

Synthesis of 4-(pentyloxy)benzoyl chloride 6:

Carboxylic acid 5 (1 eq. 100 mmol) is added to round bottomed flask with
magnetic stirrer and 10 eg. SOCl,. While stirring DMF is added 0.1 mol %.
After stirring 30 min. complete dissolution of 5 is observed. Unreacted SOCI;
is removed under vacuum. Remaining oil is purified by distillation under
vacuum.

Yellowish oil, b.p. 195 — 196 °C @ 25 torr. (lit. 198 — 200 @ 30 torr 147)
Yield: 83%.

Synthesis of 1,3-diarylpropynones 7a-t (general procedure):

Into round bottomed flask are added: substituted benzoyl chloride 1.3 eq., 30
eqg. TEA. Mixture is degassed with argon and PdCI,(PPhs), is added 0.4 mol%.
Finally substituted alkyne 3 1 eq. and Cul 2 mol% are added. Reaction mixture
is stirred at room temperature until completion of the reaction (monitored by
TLC). Saturated aqueous NH4CI solution is added and mixture is extracted
with MTBE. Organic phase is dried with anhydrous Na;SOa. After removal of
the solvent under vacuum residue is crystallized from iPrOH or purified by
chromatography.
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3-(4-Methoxyphenyl)-1-phenylprop-2-yn-1-one (7a)

Brownish crystals, m.p. 78-80 °C. (lit. 77 - 79°C [47]) Yield: 85%.

'H NMR (400 MHz, CDCls) 8: 8.22 (2H, d, J = 7.4 Hz), 7.63 (3H, m), 7.51
(2H, m), 6.94 (2H, d, J = 8.7 Hz), 3.86 (3H, s) ppm.

13C NMR (100 MHz, CDCls) &: 178.0, 161.8, 137.1, 135.2, 133.9, 129.5,
128.6,114.5, 111.9, 94.3, 86.9, 55.5 ppm.

3-(4-Butoxyphenyl)-1-phenylprop-2-yn-1-one (7b)

White solid, m.p. 52-58 °C. Yield: 88%.

'H NMR (400 MHz, CDCls) 6: 8.28 —8.22 (2H, m), 7.69 — 7.62 (3H, m), 7.57
—7.50 (2H, m), 6.98 — 6.92 (2H, m), 4.03 (2H, t, J = 6.5 Hz), 1.86 — 1.76 (2H,
m), 1.59 — 1.47 (2H, m), 1.01 (3H, t, J = 7.4 Hz) ppm.

3C NMR (100 MHz, CDCls) &: 178.0, 161.4, 137.1, 135.2, 133.9, 129.5,
128.6, 114.9, 111.6, 94.5, 86.9, 68.0, 31.1, 19.2, 13.8 ppm.

3-(4-(Pentyloxy)phenyl)-1-phenylprop-2-yn-1-one (7¢)

White solid, m.p. 51-52 °C (Rf = 0.5 PE:EA = 19:1). Yield: 94%.

IH NMR (400 MHz, CDCl3) &: 8.28 — 8.21 (2H, m), 7.71 — 7.61 (3H, m), 7.54
(2H,t,J=7.6 Hz), 6.94 (2H, d, J = 8.8 Hz), 4.02 (2H, t, J = 6.6 Hz), 1.89 —
1.78 (2H, m), 1.52 — 1.36 (4H, m), 0.97 (3H, t, J = 7.1 Hz) ppm.

3C NMR (100 MHz, CDCls) &: 178.1, 161.4, 137.1, 135.2, 133.9, 129.5,
128.6, 114.9, 111.6, 94.6, 86.9, 68.3, 28.8, 28.1, 22.4, 14.0 ppm.

3-(4-(Hexyloxy)phenyl)-1-phenylprop-2-yn-1-one (7d)

Orange crystals, m.p. 60-62°C (iPrOH). Yield: 80%.

'H NMR (400 MHz, CDCls) é: 8.25 (2H, d, J = 7.2 Hz), 7.71 - 7.61 (3H, m),
7.54 (2H,t,J=7.6 Hz), 6.95 (2H, d, J = 8.8 Hz), 4.08 — 3.98 (2H, m), 1.88 —
1.76 (2H, m), 1.48 (2H, m), 1.41 — 1.31 (4H, m), 0.94 (3H, t, J = 6.9 Hz) ppm.
3C NMR (100 MHz, CDCls) &: 178.1, 161.4, 137.1, 135.2, 133.9, 129.5,
128.6, 114.9, 111.6, 94.6, 86.9, 68.3, 31.5, 29.1, 25.7, 22.6, 14.0 ppm.

1,3-Diphenylprop-2-yn-1-one (7¢)

Yellow crystals, m.p. 40-45 °C. (lit. 47-48°C [148]) Yield: 98%.

IR: 2198,96 cm! (C=C), 1636,94 cm* (C=0).

'H NMR (400 MHz, CDCl5) §: 8.27-8.24 (2H, m), 7.72-7.70 (2H, m), 7.69-
7.64 (1H, m); 7.57-7.50 (3H, m), 7.47-7.43 (2H, m) ppm.
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3-(4-Chlorophenyl)-1-phenylprop-2-yn-1-one (7f)

Yellow crystals, m.p. 104-108°C. Yield: 76%.

'H NMR (400 MHz, CDCls) &: 8.17 (2H, d, J = 8.5 Hz), 7.69-7.59 (3H, m),
7.55-7.50 (2H, m), 7.41 (2H, d, J = 8.7 Hz) ppm.

13C NMR (100 MHz, CDCls) &: 178.0, 137.3, 136.9, 134.5, 134.5, 129.7,
129.3, 128.9, 118.6, 91.7, 87.6 ppm.

3-(4-Methoxyphenyl)-1-(2-methoxyphenyl)prop-2-yn-1-one (7g)

White crystals, m.p. 58-60 °C (Rf = 0.3, Toluene). Yield: 60%.

'H NMR (400 MHz, CDCls) é: 8.10 (1H, dd, J = 7.7, 1.5 Hz), 7.61 (2H, d, J
=8.7 Hz), 7.58 — 7.52 (1H, m), 7.10 — 7.01 (2H, m), 6.93 (2H, d, J = 8.7 Hz),
3.99 (3H, s), 3.87 (3H, s) ppm.

13C NMR (100 MHz, CDCls) &: 176.8, 161.5, 159.7, 135.0, 134.8, 132.5,
127.0, 120.3, 114.3, 112.5, 112.2, 92.8, 89.2, 55.9, 55.4 ppm.

3-(4-Butoxyphenyl)-1-(2-methoxyphenyl)prop-2-yn-1-one (7h)

Brownish crystals, m.p. 67-70 °C (Et,O/PE). Yield: 80%.

'H NMR (400 MHz, CDCls) 6: 8.12 - 8.05 (1H, m), 7.64 — 7.44 (3H, m), 7.15
—7.00 (2H, m), 6.91 (2H, d, J = 8.7 Hz), 4.09 — 3.84 (5H, m), 1.88 — 1.71 (2H,
m), 1.51 (2H, m), 1.00 (3H, t, J = 7.4 Hz) ppm.

13C NMR (100 MHz, CDCls) &: 176.9, 161.1, 159.7, 135.0, 134.7, 132.5,
127.0,121.3,120.3,114.8,112.2,93.0, 89.2, 67.9, 55.9, 31.1, 19.2, 13.8 ppm.

3-(4-(Hexyloxy)phenyl)-1-(2-methoxyphenyl)prop-2-yn-1-one (7i)
Yellowish crystals, m.p. 73-75 °C. Yield: 62%.

'H NMR (400 MHz, CDCls) é: 8.10 (1H, dd, J = 7.7, 1.6 Hz), 7.59 (2H, d, J
= 8.8 Hz), 7.58 — 7.52 (1H, m), 7.11 - 7.01 (2H, m), 6.92 (2H, d, J = 8.8 Hz),
4.04 — 3.97 (5H, m), 1.87 — 1.75 (2H, m), 1.55 — 1.43 (2H, m), 1.41 — 1.31
(4H, m), 0.93 (3H, t, J = 6.8 Hz) ppm.

3C NMR (100 MHz, CDCls) &: 176.8, 161.1, 159.7, 135.0, 134.7, 134.0,
1325, 127.2, 120.3, 114.8, 114.6, 112.2, 93.0, 89.2, 68.2, 55.9, 31.5, 29.0,
25.7, 22.6, 14.0 ppm.

3-(4-Fluorophenyl)-1-(2-methoxyphenyl)prop-2-yn-1-one (7j)

White crystals, m.p. 52-55 °C (iPrOH) (Rf = 0.5, EA:PE = 4:1). Yield: 65%.
'H NMR (400 MHz, CDCls) 5: 8.11 —8.06 (1H, m), 7.65 (2H, dd, J =8.4,5.5
Hz), 7.60 — 7.53 (1H, m), 7.09 (4H, dt, J = 24.6, 8.7 Hz), 3.99 (3H, s) ppm.
13C NMR (100 MHz, CDCls) 6: 176.6, 163.8 (d, J = 253 Hz), 159.8, 135.2 (d,
J = 8.8 Hz), 135.0, 132.5, 126.7, 120.4, 116.9 (d, J = 3.4 Hz), 116.1 (d, J =
22.3 Hz), 112.2,90.5, 89.1, 56.0 ppm.
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1,3-Bis(4-methoxyphenyl)prop-2-yn-1-one (7k)

White crystals, m.p. 78-79 °C. Yield: 78%.

IR: 2197.38 cm™ (C=C), 1635.41 cm™* (C=0).

'H NMR (400 MHz, CDCls) &: 8.21 (2H, d, J = 8.8 Hz), 7.65 (2H, d, J = 8.8
Hz), 7.01 (2H, d, J = 8.8 Hz), 6.95 (2H, d, J = 8.7 Hz), 3.92 (3H, s), 3.88 (3H,
s) ppm.

3C NMR (100 MHz, CDCls) &: 176.8, 164.3, 161.6, 135.0, 131.9, 130.5,
114.4,113.8, 112.2, 93.4, 86.8, 55.6, 55.4 ppm.

3-(4-Methoxyphenyl)-1-(4-(trifluoromethyl)phenyl)prop-2-yn-1-one (71)
Light yellow crystals, m.p. 98-100 °C. Yield: 80%.

IR: 2190.50 cm™ (C=C), 1635.13 cm™* (C=0).

'H NMR (400 MHz, CDCls) 6: 8.34 (2H, d, J = 8.8 Hz), 7.80 (2H, d, J = 8.8
Hz), 7.68 (2H, d, J = 8.8 Hz), 6.97 (2H, d J = 8.8 Hz), 3.89 (3H, s) ppm.

13C NMR (100 MHz, CDCls) 8: 176.7, 162.1, 139.6, 135.4, 135.0 (q, J = 32.7
Hz), 129.7, 125.6 (g, J = 3.7 Hz), 123.6 (q, J = 272.9 Hz), 114.6, 111.4, 95.9,
86.8, 55.5 ppm.

1-(4-Methoxyphenyl)-3-(4-(trifluoromethyl)phenyl)prop-2-yn-1-one
(7m)

Light yellow crystals, m.p. 105-110 °C. Yield: 62%.

IR: 2206.38 cm™ (C=C), 1633.54 cm™ (C=0).

IH NMR (400 MHz, CDCls) 8: 8.16 (2H, d, J = 8.8 Hz), 7.75 (2H, d, J = 8.1
Hz), 7.65 (2H, d, J = 8.2), 6.97 (2H, d, J = 8.8 Hz), 3.88 (3H, s) ppm.

13C NMR (100 MHz, CDCls) 6: 176.2, 164.8, 133.1, 132.0 (q, J = 32.7 Hz),
132.1,130.0, 125.6 (q, J = 3.7 Hz), 124.2, 123.6 (q, J =270.9 Hz), 114.0, 89.7,
88.2, 55.6 ppm.

1,3-Bis(4-(trifluoromethyl)phenyl)prop-2-yn-1-one (7n)

Yellow crystals, m.p. 85-90 °C. Yield: 60%.

IR: 2206.53 cm™ (C=C), 1648.63 cm™ (C=0).

'H NMR (400 MHz, CDCls) 3: 8.32 (2H, d, ] = 8 Hz), 7.81-7.80 (4H, m), 7.71
(2H, d, J = 8 Hz) ppm.

13C NMR (100 MHz, CDCls) &: 176.4, 139.0; 135.5 (g, J =32.6 Hz); 133.3,
132.6 (g, J = 32.9 Hz), 129.9, 125.8 (q, J = 3.7 Hz), 125.7 (g, J = 3.8 H2),
123.5(q, J = 270.9 Hz), 123.5; 123.4 (q, J = 271.3 Hz) ppm.
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1,3-Bis(4-(pentyloxy)phenyl)prop-2-yn-1-one (70)

White crystals, m.p. 62-64°C. (iPrOH) (Rf = 0.5 PE:EA = 10:1) Yield: 71%.

'H NMR (400 MHz, CDCls) é: 8.19 (2H, d, J = 8.8 Hz), 7.64 (2H, d, J = 8.7
Hz), 6.99 (2H, d, J = 8.8 Hz), 6.93 (2H, d, J = 8.8 Hz), 4.07 (2H,t,J=6.5
Hz), 4.02 (2H, t, J = 6.6 Hz), 1.90 — 1.77 (4H, m), 1.53 — 1.36 (8H, m), 0.97
(6H, t,J =7.0 Hz) ppm.

3C NMR (100 MHz, CDCls) &: 176.8, 163.9, 161.2, 135.0, 132.8, 131.9,
130.3, 114.9, 114.3, 93.5, 86.8, 68.4, 68.2, 28.8, 28.8, 28.1, 28.1, 22.4, 14.0

ppm.

3-(4-Chlorophenyl)-1-(4-methoxyphenyl)prop-2-yn-1-one (7p)

Yellowish crystals, m.p. 101-102 °C. (iPrOH) Yield: 57%.

'H NMR (400 MHz, CDCls) 8: 8.24 —8.16 (2H, m), 7.62 (2H, d, J = 8.6 Hz),
7.42 (2H, d, J =8.6 Hz), 7.01 (2H, d, J = 8.9 Hz), 3.93 (3H, s) ppm.

1-(4-Chlorophenyl)-3-(4-methoxyphenyl)prop-2-yn-1-one (7r)

Yellowish crystals, m.p. 120-121 °C. (iPrOH), (Rf = 0.5, PE:EA =10:1) Yield:
61%.

'H NMR (400 MHz, CDCls) é: 8.17 (2H, d, J = 8.5 Hz), 7.66 (2H, d, J = 8.7
Hz), 7.51 (2H, d, J = 8.5 Hz), 6.96 (2H, d, J = 8.7 Hz), 3.89 (3H, s) ppm.

13C NMR (100 MHz, CDCls) &: 176.7, 161.9, 140.5, 135.5, 135.2, 130.8,
128.9, 1145, 111.6, 94.9, 86.6, 55.5 ppm.

4-(3-(4-Methoxyphenyl)propioloyl)benzonitrile (7s)

Yellowish crystals, m.p. 125-130°C. (iPrOH), Yield: 86%.

IH NMR (400 MHz, CDCls) 8: 8.31 (2H, d, J = 8.3 Hz), 7.83 (2H, d, J = 8.2
Hz), 7.67 (2H, d, J = 8.7 Hz), 6.97 (2H, d, J = 8.7 Hz), 3.89 (3H, s) ppm.

3C NMR (100 MHz, CDCls) &: 176.1, 162.2, 139.9, 135.4, 132.4, 129.7,
118.0, 116.9, 114.6, 111.2, 96.6, 86.7, 55.5 ppm.

3-(4-Methoxyphenyl)-1-(4-nitrophenyl)prop-2-yn-1-one (7t)

Yellow crystals, m.p. 175-180°C. (Et.0), Yield: 83%.

'H NMR (400 MHz, DMSO-ds) : 8.41 (4H, s), 7.84 (2H, d, J = 8.3 Hz), 7.12
(2H, d, J = 8.4 Hz), 3.86 (3H, s) ppm.

13C NMR (100 MHz, DMSO-dg) &: 175.9, 162.67, 151.1, 141.1, 136.3, 130.9,
124.6, 115.5, 110.5, 96.9, 87.1, 56.1 ppm.
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Synthesis of (Z)-1,3-di-substituted-prop-2-yn-1-one O-methyl oximes 8a-
f (general procedure):

Alkynone 7 (1eq. 0.4 mmol) methoxyamine hydrochloride (2 eg. 0.8 mmol,
67 mg) Na;SO4 (2eq. 0.8 mmol, 114 mg) and methanol with pyridine (10 eq.
40 mmol, 3.1g, 3 ml) were added into round bottom flask and stirred overnight
at room temperature. Water was added into reaction mixture and extraction
with EtOAc performed. Organic layer was separated and dried with Na,SO..
Solution was passed through plug of silicagel and solvent was removed under
vacuum.

(2)-3-(4-methoxyphenyl)-1-phenylprop-2-yn-1-one O-methyl oxime (8a)

White solid, m.p. 30-33°C. Yield: 81%.

'H NMR (400 MHz, CDCls) 8: 7.98 — 7.91 (2H, m), 7.59 (2H, d, J = 8.9 Hz),
7.47-7.39 (3H, m), 6.93 (2H, d, J = 8.8 Hz), 4.17 (3H, s), 3.87 (3H, s) ppm.
13C NMR (100 MHz, CDCls) &: 160.7, 140.1, 133.9, 133.8, 129.6, 128.4,
126.5,114.1, 113.8, 101.7, 78.6, 63.1, 55.4 ppm.

(2)-3-(4-butoxyphenyl)-1-phenylprop-2-yn-1-one O-methyl oxime (8b)
White solid, m.p. 35-42°C. Yield: 78%.

'H NMR (400 MHz, CDCls) 6: 7.96 — 7.92 (2H, m), 7.60 — 7.55 (2H, m), 7.45
—7.40 (3H, m), 6.94 — 6.87 (2H, m), 4.16 (3H, s), 4.02 (2H, t, J = 6.5 Hz),
1.85-1.76 (2H, m), 1.58 — 1.47 (2H, m), 1.01 (3H, t, J = 7.4 Hz) ppm.

3C NMR (100 MHz, CDCls) &: 160.3, 140.2, 133.8, 133.8, 129.6, 128.4,
126.5, 114.6, 113.5, 101.8, 78.6, 67.8, 63.0, 31.2, 19.2, 13.8 ppm.

(2)-3-(4-(pentyloxy)phenyl)-1-phenylprop-2-yn-1-one  O-methyl oxime
(8¢)

Yellow oil. Yield: 70%.

'H NMR (400 MHz, CDCls) &: 8.00 — 7.86 (2H, m), 7.58 (2H, d, J = 8.8 Hz),
7.45-7.40 (3H, m), 6.91 (2H, d, J=8.8 Hz), 4.16 (3H, s), 4.01 (2H,t,J =6.6
Hz), 1.87 — 1.78 (2H, m), 1.53 — 1.37 (4H, m), 0.97 (3H, t, J = 7.1 Hz) ppm.
3C NMR (100 MHz, CDCls) &: 160.3, 140.2, 133.8, 133.8, 129.6, 128.4,
126.6, 114.6, 113.5, 101.8, 78.7, 68.1, 63.1, 28.8, 28.2, 22.4, 14.0 ppm.

(2)-3-(4-(hexyloxy)phenyl)-1-phenylprop-2-yn-1-one  O-methyl oxime
(8d)

Yellow oil. Yield: 66%.

'H NMR (400 MHz, CDCls) 6: 7.97 — 7.91 (2H, m), 7.60 — 7.55 (2H, m), 7.44
—7.39 (3H, m), 6.94 — 6.89 (2H, m), 4.16 (3H, s), 4.01 (2H, t, J = 6.6 Hz),
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1.87 - 1.77 (2H, m), 1.48 (2H, m), 1.41 — 1.33 (4H, m,), 0.94 (3H,t,J = 6.9
Hz) ppm.

13C NMR (100 MHz, CDCls) &: 160.3, 140.2, 133.8, 129.6, 128.4, 126.5,
114.9,114.6, 113.5, 101.8, 78.5, 68.2, 63.0, 31.6, 29.1, 25.7, 22.6, 14.0 ppm.

(2)-1,3-diphenylprop-2-yn-1-one O-methyl oxime (8e)

White solid, m.p. 41-44°C. Yield: 78%.

'H NMR (400 MHz, CDCls) &: 7.93-7.91 (2H, m), 7.65-7.59 (2H, m), 7.44-
7.36 (6H, m), 4.15 (3H, s) ppm.

3C NMR (100 MHz, CDCls) &: 139.8, 134.0, 132.4, 130.1, 129.8, 128.7,
128.6, 126.8, 122.1, 101.5, 79.9, 63.4 ppm.

(Z)-3-(4-chlorophenyl)-1-phenylprop-2-yn-1-one O-methyl oxime (8f)
White solid, m.p. 53°C. Yield: 73%.

'H NMR (400 MHz, CDCls) &: 7.88 (2H, d, J = 8.8 Hz), 7.62 (2H, m), 7.42-
7.35 (3H, m), 7.39 (2H, d, J = 8.8 Hz), 4.14 (3H, s) ppm.

13C NMR (100 MHz, CDCls) &: 139.0, 135.5, 132.2, 132.2, 129.8, 128.5,
128.5, 127.8, 121.6, 101.5, 78.8, 63.3 ppm.

Synthesis of isoxazoles (9a-p) and 4H-Chromen-4-ones (10a-i) (general
procedure):

To the solution of (Z)-1-phenyl-3-arylprop-2-yn-1-one O-methyloxime 8a-f
(0.4 mmol) or 3-(2-methoxyphenyl)-1-arylprop-2-yn-1-one 7g-j (0.4 mmol)
and acetal (0.44 mmol) in anhydrous MeCN (2 mL), BF3-Et,0 (56.8 mg, 49.4
pL, 0.4 mmol) was added with stirring at room temperature after TLC
monitoring indicated the full conversion of the starting material (approx. 10
min), the mixture was quenched by the addition of ag. NaHCOs. The mixture
was extracted with EtOAc (3 x 10 mL), the combined organic layers were
dried (anhyd. Na;SQ,), and the solvent was evaporated to give a yellowish
solid or oil. The product was purified by column chromatography (PE/EtOACc
gradient from 20:1 to 4:1).

4-(Isochroman-1-yl)-5-(4-methoxyphenyl)-3-phenylisoxazole (9a)

Yellow plates, m.p. 144 — 146 °C. Yield: 57%.

'H NMR (400 MHz, CDCls) &: 7.77-7.68 (2H, m), 7.63-7.54 (2H, m), 7.36—
7.26 (3H, m), 7.03-6.96 (2H, m), 6.95-6.92 (2H, m), 6.91-6.82 (1H, m), 6.68
(1H, m), 5.94 (1H, s), 4.40-4.36 (1H, m), 3.98-3.92 (1H, td, 3J = 11.7 Hz, )
=3.2Hz), 3.82 (3H, s), 3.17-3.11 (1H, m), 2.69-2.65 (1H, m).
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3C NMR (100 MHz, CDCls) &: 169.5, 164.2, 161.1, 135.8, 133.7, 129.6,
129.4, 129.2, 128.9, 128.5, 128.0, 126.8, 126.1, 125.4, 120.3, 114.1, 113.2,
71.2, 65.8, 55.4, 28.6 ppm.

HRMS (ESI) calcd. for C2sH22NO3; (MH*): 384.1600; found 384.1597.

5-(4-Butoxyphenyl)-4-(isochroman-1-yl)-3-phenylisoxazole (9b)

Colorless oil. Yield: 43%.

'H NMR (400 MHz, CDCls) 6: 7.71 (2H, d, J = 8.9 Hz), 7.58 (2H, dd, J = 7.5,
2.0 Hz), 7.35-7.27 (3H, m), 7.02—-6.96 (2H, m), 6.93 (2H, d, J = 8.9 Hz), 6.90—
6.85 (1H, m), 6.69 (1H, d , J =7.7 Hz), 5.94 (1H, s), 4.38 (1H, ddd, J = 10.4,
6.1, 1.0 Hz), 3.99 (2H, t, J = 6.5 Hz), 3.95 (1H, td, J = 11.6, 3.0 Hz), 3.19-
3.11 (1H, m), 2.68 (1H, d, ) = 15.1 Hz), 1.82-1.75 (2H, m), 1.57-1.46 (2H,
m), 0.99 (3H, t, J = 7.4 Hz) ppm.

13C NMR (100 MHz, CDCls) &: 170.0, 164.1, 160.7, 135.9, 133.7, 129.6,
129.4, 129.1, 128.9, 128.4, 128.0, 126.8, 126.1, 125.4, 120.0, 114.6, 113.1,
71.2,67.8,65.7, 31.2, 28.6, 19.2, 13.9 ppm.

HRMS (ESI) calcd. for C2sH2sNO3 (MH*): 426.2069; found 426.2072.

4-(Isochroman-1-yl)-5-[4-(pentyloxy)phenyl]-3-phenylisoxazole (9c)
Colorless oil. Yield: 84%.

IH NMR (400 MHz, CDCls) &: 7.70 (2H, d, 3 = 8.4 Hz), 7.57-7.55 (2H, m),
7.30-7.28 (3H, m), 7.01-6.95 (2H, m), 6.92 (2H, d, *J = 8.8 Hz), 6.89-6.85
(1H, m), 6.68 (1H, d, 3J = 7.6 Hz), 5.92 (1H, s), 4.37 (1H, dd, 3J = 11.4 Hz, 2
= 6.0 Hz), 3.98 (2H, t, 3) = 6.8 Hz), 3.94 (1H, td, 3J = 11.6 Hz, 2J = 3.2 Hz),
3.18-3.10 (1H, m), 2.66 (1H, d, J = 14.8 Hz), 1.80 (2H, quint, 3J = 6.8 Hz),
1.48-1.35 (4H, m), 0.94 (3H, t, 3J = 6.8 Hz) ppm.

3C NMR (100 MHz, CDCls) &: 169.7, 164.2, 160.8, 136.0, 133.8, 129.7,
129.5, 129.2, 129.0, 128.5, 128.1, 126.9, 126.2, 125.5, 120.1, 114.6, 113.2,
71.3,68.2, 65.8, 29.0, 28.6, 28.3, 22.5, 14.1 ppm.

HRMS (ESI) calcd. for CagH3:oNO3 (MH*): 440.2226; found 440.2236.

5-[4-(Hexyloxy)phenyl]-4-(isochroman-1-yl)-3-phenylisoxazole (9d)

Light yellow solid, m.p. 108-110 °C. Yield: 58%.

'H NMR (400 MHz, CDCls) &: 7.76-7.69 (2H, d, 3J = 8.8 Hz), 7.61-7.56 (2H,
dd, 3J = 7.4 Hz, 4 = 1.8 Hz), 7.37-7.29 (3H, m), 7.04-6.97 (2H, m), 6.87—
6.97 (3H, m), 6.74-6.68 (1H, d, 3J = 7.7 Hz), 5.95 (1H, s), 4.46-4.35 (1H, dd,
%) = 11.2 Hz, ) = 5.7 Hz), 4.03-3.99 (2H, t, 3J = 6.6 Hz), 3.99-3.93 (1H, td,
8)=11.7 Hz,%) =3.1 Hz), 3.23-3.09 (1H, m), 2.74-2.64 (1H, d, 3J = 15.4 Hz),
1.88-1.76 (2H, quint, 3J = 7.0 Hz), 1.55-1.43 (2H, m), 1.43-1.32 (4H, m),
1.00-0.89 (3H, t, %J = 6.8 Hz).
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3C NMR (100 MHz, CDCls) &: 169.6, 164.1, 160.7, 135.9, 133.7, 129.6,
129.4, 129.1, 128.9, 128.4, 128.0, 126.7, 126.1, 125.4, 120.0, 114.5, 113.0,
71.2,68.1, 65.7, 31.6, 29.1, 28.5, 25.7, 22.6, 14.0 ppm.

HRMS (ESI) calcd. for C30H32NO3; (MH*): 454.2382; found 454.2390.

4-(1,3-Dihydroisobenzofuran-1-yl)-5-(4-methoxyphenyl)-3-
phenylisoxazole (9¢e)

Yellow plates, m.p. 89-95 °C. Yield: 55%.

'H NMR (400 MHz, CDCls) &: 7.70-7.62 (2H, m), 7.44-7.36 (2H, m), 7.35~
7.22 (3H, m), 7.20-7.09 (2H, m), 7.08-7.01 (1H, m), 6.99-6.92 (2H, m), 6.90—
9.84 (1H, m), 6.37 (1H, s), 5.12 (1H, dd, 2J = 12.1 Hz, J = 2.3 Hz), 5.00 (1H,
dd, 2J=12.1 Hz, 4J = 2.3 Hz), 3.86 (3H, s) ppm.

13C NMR (100 MHz, CDCls) &: 169.4, 164.1, 161.2, 139.6, 139.5, 129.7,
129.3, 129.0, 128.8, 128.0, 127.8, 127.4, 121.8, 120.7, 120.1, 114.1, 112.7,
77.2,72.7,55.4 ppm.

HRMS (ESI) calcd. for C2sH20NOs (MH*): 370.1443; found 370.1444.

5-(4-Butoxyphenyl)-4-(1,3-dihydroisobenzofuran-1-yl)-3-
phenylisoxazole (9f)

Light yellow solid, m.p. 105-108 °C. Yield: 59%.

IH NMR (400 MHz, CDCls) &: 7.65 (2H, d, J = 8.9 Hz), 7.40-7.36 (2H, m),
7.32-7.23 (3H, m), 7.19-7.10 (2H, m), 7.06 (1H, t, J = 7.3 Hz), 6.95 (2H, d,
J=8.9Hz),6.87 (1H, d, J = 7.5 Hz), 6.38 (1H, 5), 5.12 (1H, dd, 2J = 12.1 Hz,
4) = 2.5 Hz), 4.99 (1H, dd, 2J = 12.1 Hz, “J = 2.5 Hz), 4.02 (2H, t, J = 6.5 Hz),
1.89-1.74 (2H, m), 1.60-1.48 (2H, m), 1.02 (3H, t, J = 7.4 Hz) ppm.

13C NMR (100 MHz, CDCls) &: 169.5, 164.1, 160.8, 139.6, 139.5, 129.6,
129.3, 129.0, 128.8, 128.0, 127.8, 127.4, 121.8, 120.7, 119.8, 114.6, 112.6,
77.2,72.7,67.8,31.2,19.2, 13.8 ppm.

HRMS (ESI) calcd. for Co7H26NO3 (MH*): 412.1913; found 412.1910.

4-(1,3-Dihydroisobenzofuran-1-yl)-5-[4-(hexyloxy)phenyl]-3-
phenylisoxazole (99)

Light yellow solid, m.p. 105-108 °C. Yield: 58%.

'H NMR (400 MHz, CDCls) &: 7.69-7.60 (2H, d, 3J = 8.8 Hz), 7.41-7.35 (2H,
m), 7.35-7.22 (3H, m), 7.21-7.09 (2H, m), 7.09-7.01 (1H, t, 3J = 7.3 Hz),
6.98-6.91 (2H, d, 3J = 8.8 Hz), 6.90-6.84 (1H, d, 3J = 7.5 Hz), 6.37 (1H, s),
5.16-5.07 (1H, dd, 2J = 12.1 Hz, 4J = 2.3 Hz), 5.04-4.95 (1H, dd, 2J = 12.1
Hz, 4J = 2.2 Hz), 4.06-3.97 (2H, t, ®J = 6.6 Hz), 1.87-1.77 (2H, quint, *J = 7.0
Hz), 1.54-1.44 (2H, m), 1.43-1.33 (4H, m), 0.98-0.90 (3H, t, 3J = 6.9 Hz)
ppm.
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3C NMR (100 MHz, CDCls) &: 169.5, 164.1, 160.8, 139.6, 139.5, 129.6,
129.3, 129.0, 128.8, 128.0, 127.7, 127.4, 121.8, 120.7, 119.8, 114.6, 112.6,
77.2,72.7,68.2, 31.6, 29.1, 25.7, 22.6, 14.0 ppm.

HRMS (ESI) calcd. for C2sH3NO3 (MH*): 440.2226; found 440.2240.

5-(4-Methoxyphenyl)-4-[methoxy(phenyl)methyl]-3-phenylisoxazole (9h)
White crystals, m.p. 82-83 °C. Yield: 79%.

'H NMR (400 MHz, CDCls) 8: 7.76 (2H, d, %) = 8.6 Hz), 7.54 (2H, d, J = 7.7
Hz), 7.46-7.35 (3H, m), 7.35-7.19 (5H, m), 6.95 (2H, d, ] = 8.6 Hz), 5.59
(1H, s), 3.86 (3H, s), 3.33 (3H, s) ppm.

13C NMR (100 MHz, CDCls) &: 168.7, 164.3, 161.0, 139.9, 129.8, 129.4,
129.2,129.0, 128.4, 128.3, 127.6, 126.7, 120.2, 114.0, 111.9, 76.0, 56.8, 55.3

ppm.
HRMS (ESI) calcd. for C24H21NOsNa (MNa*): 394.1419; found 394.1403.

5-(4-Butoxyphenyl)-4-[methoxy(phenyl)methyl]-3-phenylisoxazole (9i)
Yellowish oil. Yield: 48%.

'H NMR (400 MHz, CDCls) &: 7.74 (2H, d, J = 8.9 Hz), 7.56-7.51 (2H, m),
7.45-7.35 (3H, m), 7.34-7.21 (5H, m), 6.94 (2H, d, J = 8.9 Hz), 5.59 (1H, s),
4.01 (2H,t,J = 6.5 Hz), 3.33 (3H, s), 1.84-1.77 (2H, m), 1.59-1.45 (2H, m),
1.01 (3H,t,J=7.4 Hz) ppm.

3C NMR (100 MHz, CDCls) &: 168.7, 164.2, 160.7, 139.9, 129.8, 129.4,
129.3,129.1,128.3, 128.3, 127.6, 126.7, 120.0, 114.6, 111.8, 76.0, 67.8, 56.8,
31.2,19.2,13.8 ppm.

HRMS (ESI) calcd. for C27H2sNO3z (MH™): 414.2069; found 414.2068.

4-[Methoxy(phenyl)methyl]-5-[4-(pentyloxy)phenyl]-3-phenylisoxazole
(9))

Yellowish oil. Yield: 66%.

'H NMR (400 MHz, CDCls) &: 7.71 (2H, d, 3J = 9.2 Hz), 7.52-7.50 (2H, m),
7.41-7.33 (3H, m), 7.30-7.20 (5H, m), 6.91 (2H, d, 3J = 8.8 Hz), 5.56 (1H, s),
3.98 (2H, t,3) =6.4 Hz), 3.30 (3H, s), 1.80 (2H, quint, *J = 6.8 Hz), 1.47-1.36
(4H, m), 0.94 (3H, t, *J = 6.8 Hz) ppm.

13C NMR (100 MHz, CDCls) 6: 168.9, 164.4, 160.8, 140.1, 129.9, 129.5,
129.4,129.2,128.5,128.4,127.7,126.8, 120.1, 114.7, 111.9, 76.1, 68.2, 56.9,
29.0, 28.3, 22.6, 14.1 ppm.

HRMS (ESI) calcd. for C2sH3oNO3 (MH*): 428.2226; found 428.2226.
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5-[4-(Hexyloxy)phenyl]-4-[methoxy(phenyl)methyl]-3-phenylisoxazole
(9K)

Yellowish oil. Yield: 47%.

'H NMR (400 MHz, CDCls) &: 7.78-7.71 (2H, d, 3J = 8.8 Hz), 7.57-7.50 (2H,
m), 7.44-7.35 (3H, m), 7.34-7.29 (2H, m), 7.28-7.20 (3H, m), 6.98-6.90 (2H,
d,3J=8.8 Hz),5.59 (1H, s), 4.05-3.96 (2H, t, *J = 6.5 Hz), 3.33 (3H, s), 1.87—
1.77 (2H, quint, 3J = 7.0 Hz), 1.54-1.44 (2H, m), 1.43-1.33 (4H, m), 0.98—
0.90 (3H, t, 3J = 6.8 Hz) ppm.

3C NMR (100 MHz, CDCls) &: 168.8, 164.3, 160.7, 140.0, 129.8, 129.4,
129.3,129.1, 128.3, 128.3, 127.5, 126.7, 120.0, 114.6, 111.8, 76.0, 68.1, 56.8,
31.6, 29.1, 25.7, 22.6, 14.0 ppm.

HRMS (ESI) calcd. for C2gH3NO3z (MH"): 442.2382; found 442.2387.

5-(4-Methoxyphenyl)-4-[methoxy(4-methoxyphenyl)methyl]-3-
phenylisoxazole (91)

White plates, m.p. 118-120 °C. Yield: 58%.

'H NMR (400 MHz, CDCls) 6: 7.78 (2H, d, 3J = 8.9 Hz), 7.60-7.51 (2H, m),
7.47-7.34 (3H, m), 7.31-7.22 (2H, m), 6.95 (2H, d, 3J = 8.9 Hz), 6.83 (2H, d,
8) =8.7 Hz), 5.53 (1H, s), 3.85 (3H, s), 3.79 (3H, s), 3.28 (3H, s) ppm.

13C NMR (100 MHz, CDCls) §: 168.4, 164.3, 161.0, 159.1, 132.1, 129.8,
129.4,129.3,129.0, 128.4, 128.1, 120.3, 114.0, 113.7, 111.8, 75.9, 56.7, 55.3,
55.2 ppm.

HRMS (ESI) calcd. for CosH24NO4 (MH*): 402.1705; found 402.1703.

5-[4-(Hexyloxy)phenyl]-4-[methoxy(4-methoxyphenyl)methyl]-3-
phenylisoxazole (9m)

Yellowish solid, m.p. 84-86 °C. Yield: 59%.

'H NMR (400 MHz, CDCls) &: 7.80-7.71 (2H, d, *J = 8.8 Hz), 7.58-7.50 (2H,
d, 3J = 8.1 Hz), 7.47-7.35 (3H, m), 7.27-7.21 (2H, d, 3J = 8.6 Hz), 6.98-6.90
(2H, d, % = 8.8 Hz), 7.86-7.78 (2H, d, 3J = 8.7 Hz), 5.52 (1H, s), 4.04-3.96
(2H, t, % = 6.5 Hz), 3.80 (3H, s), 3.27 (3H, s), 1.86-1.76 (2H, quint, 3J = 7.0
Hz), 1.53-1.43 (2H, m), 1.42-1.33 (4H, m), 0.97-0.90 (3H, t, %J = 6.8 Hz)
ppm.

13C NMR (100 MHz, CDCls) &: 168.5, 164.2, 160.6, 159.0, 132.1, 129.8,
129.4,129.3,129.0, 128.4,128.1, 120.0, 114.5, 113.7, 111.6, 75.9, 68.1, 56.7,
55.2, 31.6,29.1, 25.7, 22.6, 14.0 ppm.

HRMS (ESI) calcd. for C3H3aNOs (MH*): 472.2488; found 472.2508.
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4-[(4-Bromophenyl)(ethoxy)methyl]-5-(4-methoxyphenyl)-3-
phenylisoxazole (9n)

White crystals, m.p. 119-120 °C. Yield: 77%.

'H NMR (400 MHz, CDCls) &: 7.76 (2H, d, 3J = 8.9 Hz), 7.58-7.52 (2H, m),
7.47-7.33 (5H, m), 7.21 (2H, d, ®J = 8.4 Hz), 6.96 (2H, d, ®J = 8.8 Hz), 5.62
(1H, s), 3.85 (3H, s), 3.57-3.37 (2H, m), 1.14 (3H, t, %J = 7.0 Hz) ppm.

3C NMR (100 MHz, CDCls) 8: 168.6, 164.1, 161.1, 139.4, 131.3, 129.8,
129.5,129.2,129.1,128.5,128.4, 121.5, 120.1, 114.1, 112.1, 73.5, 64.6, 55.4,
15.1 ppm.

HRMS (ESI) calcd. for C2sH23BrNOs (MH*): 464.0861; found 464.0864.

4-[(4-Bromophenyl)(ethoxy)methyl]-5-[4-(pentyloxy)phenyl]-3-
phenylisoxazole (90)

Colorless oil. Yield: 30%.

'H NMR (400 MHz, CDCls) 6: 7.69 (2H, d, 3J = 8.8 Hz), 7.51-7.49 (2H, m),
7.42-7.33 (5H, m), 7.15 (2H, d, 3J = 8.4 Hz), 6.91 (2H, d, J = 8.8 Hz), 5.57
(1H,s), 3.98 (2H, t, %) = 6.4 Hz), 3.51-3.44 (1H, m), 3.41-3.34 (1H, m), 1.80
(2H, quint, 3J = 6.8 Hz), 1.48-1.34 (4H, m), 1.10 (3H, t, 3J = 6.8 Hz), 0.94
(3H, t, 3 = 6.8 Hz) ppm.

13C NMR (100 MHz, CDCls) §: 168.8, 164.2, 160.9, 139.5, 131.4, 129.9,
129.6,129.32,129.17,128.57,128.49, 121.56, 119.9, 114.7, 112.1, 73.6, 68.3,
64.7, 29.0, 28.3, 22.6, 15.2, 14.1 ppm.

HRMS (ESI) calcd. for CosH3:BrNOs (MH*): 520.1487; found 520.1503.

4-[(4-Bromophenyl)(ethoxy)methyl]-5-[4-(hexyloxy)phenyl]-3-
phenylisoxazole (9p)

Yellow oil. Yield: 56%.

'H NMR (400 MHz, CDCls) &: 7.75-7.68 (2H, d, *J = 8.9 Hz), 7.56-7.50 (2H,
m), 7.46-7.33 (5H, m), 7.22-7.14 (2H, d, 3J = 8.3 Hz), 6.99-6.90 (2H, d, 3J =
8.9 Hz), 5.59 (1H, s), 4.03-3.98 (2H, t, 3J = 6.6 Hz), 3.56-3.35 (2H, m), 1.88—
1.76 (2H, quint, 3J = 7.0 Hz), 1.55-1.44 (2H, m), 1.41-1.32 (4H, m), 1.16—
1.10 (3H, t, % = 7.0 Hz), 0.98-0.89 (3H, t, ®J = 6.9 Hz).

3C NMR (100 MHz, CDCls) &: 168.7, 164.1, 160.7, 139.7, 131.3, 129.7,
129.5,129.2,129.0, 128.4,128.4,121.4,119.8, 114.6, 111.9, 73.5, 68.2, 64.6,
31.6,29.1, 25.7, 22.6, 15.0, 14.0 ppm.

HRMS (ESI) calcd. for C30Hz3sBrNOs (MH*): 534.1644; found 534.1668.

3-(Isochroman-1-yl)-2-(4-methoxyphenyl)-4H-chromen-4-one (10a)
Yellow oil. Yield: 99%.
IR (KBr): 1647 cm™ (C=0).
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'H NMR (400 MHz, CDCls) &: 8.21 (1H, d, 3 = 7.9 Hz), 7.76-7.61 (3H, m),
7.49 (1H, d, 3J = 8.4 Hz), 7.39 (1H, t, 3J = 7.5 Hz), 7.13-7.06 (2H, m), 7.05~
6.99 (1H, m), 6.97 (2H, d, 3J = 8.4 Hz), 6.84 (1H, d, ®J = 7.6 Hz), 6.05 (1H,
s), 4.41-4.32 (1H, m), 3.96-3.88 (1H, m), 3.87 (3H, s), 3.32-3.16 (1H, m),
2.73-2.62 (1H, m) ppm.

3C NMR (100 MHz, CDCls) &: 177.0, 166.0, 161.4, 156.0, 137.4, 133.9,
133.6, 130.7, 128.5, 126.2, 126.1, 126.0, 125.4, 125.0, 124.0, 123.9, 121.4,
117.9, 113.6, 72.9, 65.3, 55.5, 28.9 ppm.

HRMS (ESI) calcd. for C2sH2104 (MH™): 385.1440; found 385.1438.

2-(4-Butoxyphenyl)-3-(isochroman-1-yl)-4H-chromen-4-one (10b)
Yellow wax. Yield: 88%.

IR (KBr): 1649 cm™ (C=0).

'H NMR (400 MHz, CDCls) &: 8.25-8.18 (1H, m), 7.73-7.63 (3H, m), 7.49
(1H, d, 33 =8.4 Hz), 7.39 (1H, t, 33 = 7.5 Hz), 7.12-7.06 (2H, m), 7.05-6.99
(1H, m), 6.96 (2H, d, *J = 8.6 Hz), 6.84 (1H, d, 3J = 7.6 Hz), 6.03 (1H, br. s),
4.40-4.32 (1H, m), 4.04 (2H, t, 3J = 6.5 Hz), 3.96-3.87 (1H, m), 3.30-3.16
(1H, m), 2.71-2.62 (1H, m), 1.87-1.75 (2H, m), 1.61-1.48 (2H, m), 1.03 (3H,
t, 3 = 7.4 Hz) ppm.

3C NMR (100 MHz, CDCls) &: 177.0, 166.0, 161.0, 156.0, 137.4, 133.9,
133.5, 130.7, 129.0, 128.5, 126.2, 126.0, 126.0, 125.1, 124.9, 124.0, 121.3,
117.8,114.2,73.0, 67.9, 65.3, 31.2, 28.9, 19.2, 13.8 ppm.

HRMS (ESI) calcd. for C2sH2704 (MH™): 427.1909; found 427.1906.

2-[4-(Hexyloxy)phenyl]-3-(isochroman-1-yl)-4H-chromen-4-one (10c)
Yellow oil. Yield: 70%.

IR (KBr): 1649 cm™ (C=0).

'H NMR (400 MHz, CDsCN) &: 8.11-8.01 (1H, dd, 3J = 7.9 Hz, 4J = 1.3 Hz),
7.80-7.73 (1H, ddd, 3 = 8.6 Hz, 3J = 7.2 Hz, 4] = 1.7 Hz), 7.73-7.68 (2H, d,
8) = 8.7 Hz), 7.60-7.54 (1H, d, 3J = 8.1 Hz), 7.47-7.40 (1H, m), 7.10-7.02
(2H, m), 7.02-6.93 (3H, m), 6.87-6.77 (1H, d, 3 = 7.6 Hz), 5.91 (1H, s), 4.32—
4.23 (1H, ddd, 3J = 11.6 Hz, 3 = 5.5 Hz, 4] = 2.0 Hz), 4.08-4.00 (2H, t, 3J =
6.6 Hz), 3.88-3.79 (1H, td, ) = 11.2 Hz, 4J = 3.1 Hz), 3.16-3.05 (1H, m),
2.69-2.60 (1H, d, 2J = 16.1 Hz), 1.84-1.72 (2H, quint, 3 = 7.0 Hz), 1.53-1.42
(2H, m), 1.42-1.32 (4H, m), 0.98-0.88 (3H, t, 3J = 7.0 Hz) ppm.

13C NMR (100 MHz, CDsCN) &: 176.42, 166.0, 161.0, 156.1, 137.6, 134.2,
133.9, 130.8, 128.3, 125.8, 125.7, 125.3, 125.2, 125.0, 124.0, 123.7, 120.8,
118.2,114.1,72.8,68.1, 64.9, 31.3, 28.8, 28.5, 25.4, 22.3, 13.3 ppm.

HRMS (ESI) calcd. for C30Hz104 (MH™): 455.2222; found 455.2222.
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2-(4-Fluorophenyl)-3-(isochroman-1-yl)-4H-chromen-4-one (10d)

White crystals, m.p. 130-135 °C. Yield: 97%.

IR (KBr): 1634 cm™ (C=0).

'H NMR (400 MHz, CDCls) &: 8.27-8.21 (1H, m), 7.73-7.66 (1H, m), 7.65—
7.58 (2H, m), 7.50-7.45 (1H, m), 7.48 (1H, d, 3J = 8.3 Hz), 7.12-6.97 (5H,
m), 6.81 (1H, d, J = 7.6 Hz), 6.11 (1H, s), 4.34-4.24 (1H, m), 3.89 (1H, td,
8)=11.3Hz,2 =3.1 Hz), 3.11-2.98 (1H, m), 2.62 (1H, d, 3J = 16.1 Hz) ppm.
13C NMR (100 MHz, CDCls) 6: 177.0, 163.8 (d, 1J = 251.6 Hz), 156.0, 137.2,
133.8, 133.7,131.2 (d, 2J = 8.6 Hz), 129.3, 129.2, 128.5, 126.3, 126.1 (d, 3] =
11.5 Hz), 125.2, 124.2, 123.7, 122.4, 117.9, 115.2, 115.0, 72.1, 65.3, 28.7

ppm.
HRMS (ESI) calcd. for C24H17FOsNa (MNa*): 395.1059; found 395.1054.

3-(1,3-Dihydroisobenzofuran-1-yl)-2-(4-methoxyphenyl)-4H-chromen-4-
one (10e)

Yellow wax. Yield: 83%.

IR (KBr): 1646 cm™ (C=0).

'H NMR (400 MHz, CDCls) 8: 8.15 (1H, dd, 3J = 8.0 Hz; 4] = 1.4 Hz), 7.70—
7.61 (3H, m), 7.50-7.43 (1H, m), 7.40-7.33 (1H, m), 7.31-7.23 (2H, m), 7.23—
7.17 (1H, m), 7.10-7.05 (1H, m), 7.04-6.98 (2H, m), 6.39 (1H, s), 5.37-5.28
(1H, m), 5.21-5.15 (1H, m), 3.89 (3H, s) ppm.

13C NMR (100 MHz, CDCls) &: 177.2, 166.0, 161.4, 156.0, 140.6, 140.1,
133.6, 130.8, 127.4, 127.1, 126.0, 124.9, 124.9, 124.1, 120.6, 120.5, 120.1,
117.8,113.9, 80.7, 74.1, 55.5 ppm.

HRMS (ESI) calcd. for C2sH1904 (MH*): 371.1283; found 371.1284.

2-(4-Butoxyphenyl)-3-(1,3-dihydroisobenzofuran-1-yl)-4H-chromen-4-
one (10f)

Yellow wax. Yield: 79%.

IR (KBr): 1648 cm™ (C=0).

IH NMR (400 MHz, CDCls) &: 8.15 (1H, dd, 3J = 7.9 Hz, 4 = 1.2 Hz), 7.70-
7.61 (3H, m), 7.47 (1H, d, 3J = 8.4 Hz), 7.36 (1H, t, 3J = 7.5 Hz), 7.32-7.17
(3H, m), 7.08 (1H, d, % = 7.5 Hz), 7.02 (2H, d, 3J = 8.7 Hz), 6.40 (1H, s),
5.39-5.30 (1H, m), 5.23-5.15 (1H, m), 4.06 (2H, t, 3] = 6.5 Hz), 1.89-1.77
(2H, m), 1.61-1.48 (2H, m), 1.03 (3H, t, %J = 7.4 Hz) ppm.

3C NMR (100 MHz, CDCls) &: 177.2, 165.3, 161.1, 156.0, 140.6, 140.1,
133.5, 130.8, 127.4, 127.1, 125.9, 124.9, 124.6, 124.1, 120.6, 120.5, 120.1,
117.8,114.4,80.8, 74.1, 67.9, 31.2, 19.2, 13.8 ppm.

HRMS (ESI) calcd. for C27H2504 (MH™): 413.1753; found 413.1761.
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3-(1,3-Dihydroisobenzofuran-1-yl)-2-[4-(hexyloxy)phenyl]-4H-chromen-
4-one (109)

Yellow oil. Yield: 80%.

IR (KBr): 1648 cm™ (C=0).

'H NMR (400 MHz, CDCls) §: 8.18-8.10 (1H, dd, 3J = 8.0 Hz, *J = 1.3 Hz),
7.71-7.61 (3H, m), 7.51-7.44 (1H, d, ®J = 8.3 Hz), 7.41-7.33 (1H, t,% =75
Hz), 7.32-7.24 (2H, m), 7.24-7.17 (1H, td, 3J = 6.3 Hz, 4J = 1.7 Hz), 7.10-
7.05 (1H, d, 3 = 7.4 Hz), 7.04-6.97 (2H, d, 3J = 8.7 Hz), 6.38 (1H, s), 5.38—
5.30 (1H, dd, 23 =11.6 Hz, 43 = 2.4 Hz), 5.22-5.15 (1H, d, 23 = 11.5 Hz), 4.09—
3.99 (2H, t, 3J = 6.5 Hz), 1.89-1.79 (2H, quint, 3J = 7.0 Hz), 1.56-1.46 (2H,
m), 1.44-1.32 (4H, m), 0.99-0.89 (3H, t, ®J = 6.9 Hz) ppm.

3C NMR (100 MHz, CDCly) &: 177.2, 165.3, 161.0, 156.0, 140.6, 140.1,
133.5, 130.8, 127.4, 127.1, 126.0, 124.9, 124.6, 124.1, 120.6, 120.4, 120.0,
117.8,114.4,80.8, 74.1, 68.3, 31.6, 29.1, 25.7, 22.6, 14.1 ppm.

HRMS (ESI) calcd. for CagH2904 (MH*): 441.2066; found 441.2069.

2-(4-Methoxyphenyl)-3-[methoxy(phenyl)methyl]-4H-chromen-4-one
(10h)

Yellow wax. Yield: 76%.

IR (KBr): 1650 cm™ (C=0).

IH NMR (400 MHz, CDCls) &: 8.28 (1H, dd, 3 = 7.9 Hz; “J = 1.3 Hz), 7.71—
7.65(1H, m), 7.51-7.38 (4H, m), 7.30-7.24 (2H, m), 7.23-7.17 (2H, m), 7.17—
7.11 (1H, m), 6.95-6.87 (2H, m), 5.90 (1H, s), 3.87 (3H, s), 3.44 (3H, s) ppm.
13C NMR (100 MHz, CDCls) 6: 177.6, 165.5, 161.2, 156.1, 141.0, 133.6,
130.7, 127.7, 126.5, 126.3, 125.9, 125.4, 125.0, 123.4, 121.2, 117.9, 113.4,
77.1,57.2,55.4 ppm.

HRMS (ESI) calcd. for C2sH2104 (MH*): 373.1440; found 373.1438.

3-[(4-Bromophenyl)(ethoxy)methyl]-2-(4-methoxyphenyl)-4H-chromen-
4-one (10i)

Yellow wax. Yield: 82%.

IR (KBr): 1634 cm™ (C=0).

'H NMR (400 MHz, CDCls) 6: 8.27 (1H, d, *J =7.8 Hz), 7.68 (1H, 1,3 = 7.7
Hz), 7.48-7.38 (4H, m), 7.29 (2H, d, 3J = 8.4 Hz), 7.11 (2H, d, 3J = 8.3 Hz),
6.90 (2H, d, ®J = 8.7 Hz), 5.99 (1H, s), 3.87 (3H, s), 3.63-3.49 (2H, m), 1.20
(2H, t, %) = 7.1 Hz) ppm.

3C NMR (100 MHz, CDCls) &8: 177.6, 165.6, 161.3, 156.1, 140.7, 133.7,
130.8, 130.6, 127.7, 126.2, 125.3, 125.1, 123.3, 121.6, 120.2, 117.9, 113.3,
74.3, 64.8, 55.4, 15.3 ppm.

HRMS (ESI) calcd. for CasH22BrO4 (MH™): 465.0701; found 465.0709.
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Synthesis of methyl 3,5-bis(4-substitutedphenyl)thiophene-2-
carboxylates (11a-¢€) (general procedure):

Alkynone 7 (1 eq, 29 mmol), methyl thioglycolate (1.5 eq. 44 mmol, 4.7 g),
DBU (5 mol%, 0.25 ml) and 100 ml MeOH were added to 100 ml round
bottomed flask. Reaction mixture was refluxed until completion (monitored
by TLC). After cooling reaction mixture down to +4°C formed crystals were
filtered and washed with cold methanol to yield pure 11.

Methyl 3,5-bis(4-methoxyphenyl)thiophene-2-carboxylate (11a)

White crystals, m.p. 122-125 °C. Yield: 84%.

'H NMR (400 MHz, CDCls) &: 7.61 (2H, d, J = 8.7 Hz), 7.49 (2H, d, J = 8.7
Hz), 7.20 (1H, s), 6.97 (4H, m), 3.88 (3H, s), 3.87 (3H, s), 3.82 (3H, ) ppm.
13C NMR (100 MHz, CDCls) &: 162.6, 160.3, 159.5, 149.6, 148.4, 130.5,
128.2,127.5, 126.5, 126.0, 123.6, 114.5, 113.3, 55.4, 55.3, 51.8 ppm.

Methyl 5-(4-chlorophenyl)-3-(4-methoxyphenyl)thiophene-2-carboxylate
(11b)

White solid, m.p. 131-133 °C. Yield: 77%.

'H NMR (400 MHz, CDCl3) 8: 7.60 (2H, d, J = 8.6 Hz), 7.47 (2H, d, J = 8.8
Hz), 7.41 (2H, d, J = 8.6 Hz), 7.27 (1H, s), 6.98 (2H, d, J = 8.8 Hz), 3.88 (3H,
s), 3.82 (3H ,s) ppm.

3C NMR (100 MHz, CDCls) &: 162.4, 159.6, 149.5, 146.8, 134.8, 131.8,
130.5, 129.3, 127.8, 127.7, 127.3, 125.0, 113.4, 55.3, 52.0 ppm.

Methyl 3,5-diphenylthiophene-2-carboxylate (11c)

White solid, m.p. 68-72°C. Yield: 78%

'H NMR (400 MHz, CDCls) &: 7.67-7.60 (2H, m), 7.50-7.31 (8H, m), 7.29
(1H, s), 3.75 (3H, s) ppm.

13C NMR (100 MHz, CDCls) &: 162.4, 149.6, 148.5, 135.7, 133.0, 130.0,
129.1, 128.8, 128.0, 127.9, 127.4, 126.1, 125.4, 51.9 ppm.

Methyl 5-(4-methoxyphenyl)-3-phenylthiophene-2-carboxylate (11d)
White solid, m.p. 76-80 °C. Yield: 84%

'H NMR (400 MHz, CDCls) 8: 7.62 (2H, d, J = 8.8 Hz), 7.55 — 7.50 (2H, m),
7.49 —7.38 (3H, m), 7.22 (1H, s), 6.97 (2H, d, J = 8.8 Hz), 3.88 (3H, s), 3.81
(3H, s) ppm.

3C NMR (100 MHz, CDCls) &: 162.5, 160.3, 149.7, 148.6, 135.9, 129.2,
128.0, 127.8, 127.5, 126.5, 126.0, 124.4, 114.5, 55.4, 51.8 ppm.
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Methyl 3-(4-cyanophenyl)-5-(4-methoxyphenyl)thiophene-2-carboxylate
(11e)

White solid, m.p. 186-190 °C. Yield: 81%

'H NMR (400 MHz, DMSO-ds) &: 7.87 (2H, d, J = 8.0 Hz), 7.76 — 7.69 (4H,
m), 7.55 (1H, s), 7.03 (2H, d, J = 8.6 Hz), 3.82 (3H, s), 3.72 (3H, s) ppm.

3C NMR (100 MHz, DMSO-ds) §: 161.8, 160.8, 148.9, 147.4, 140.5, 132.1,
130.7,128.0, 126.9, 125.1, 122.4, 119.2, 115.3, 110.9, 55.9, 52.5 ppm.

Synthesis of (3,5-bis(4-substitutedphenyl)thiophen-2-yl)methanols 12a-c
(general procedure):

Methyl 3,5-bis(4-substitutedphenyl)thiophene-2-carboxylate 11 (leq, 22
mmol) and 150 ml of Et,O were added into 250 ml round bottomed flask.
Solution was cooled in the ice bath and LiAlH4 (2eq. 44 mmol, 1.7 g) was
added to the reaction mixture. After the addition of reducing agent reaction
mixture was stirred for 6 h at room temperature. LAH was quenched by the
addition of 1 ml H2O, 1 ml 10% NaOH and 3 ml of H.O subsequentially.
Obtained slurry was filtered and solids were washed with ethyl acetate.
Organic solution was washed 3*50 ml H,O, with brine and dried with Na,;SOa.
Solvent was evaporated under reduced pressure to yield 12a-c.

(3,5-Bis(4-methoxyphenyl)thiophen-2-yl)methanol (12a)

White solid, m.p. 94-99 °C. Yield: 99%

IH NMR (400 MHz, CDCls) &: 7.59 — 7.53 (2H, m), 7.47 — 7.42 (2H, m), 7.19
(1H, s), 7.03 — 6.97 (2H, m), 6.97 — 6.92 (2H, m), 4.82 (2H, d, J = 7.4 Hz),
3.87 (3H, s), 3.86 (3H, s) ppm.

13C NMR (100 MHz, CDCls) &: 159.4, 159.0, 142.7, 141.0, 135.7, 129.8,
128.5, 127.0, 127.0, 124.1, 114.4, 114.0, 58.4, 55.4, 55.3 ppm.

(5-(4-Chlorophenyl)-3-(4-methoxyphenyl)thiophen-2-yl)methanol (12b)
White solid, m.p. 115-117 °C. Yield: 68%

'H NMR (400 MHz, CDCls) é: 7.54 (2H, d, J = 8.5 Hz), 7.42 (2H, d, J = 8.7
Hz), 7.36 (2H, d, J = 8.5 Hz), 7.27 (1H, s), 6.99 (2H, d, J = 8.7 Hz), 4.82 (2H,
s), 3.87 (3H, s), 2.09 (1H, br. s) ppm.

13C NMR (100 MHz, CDCls) &: 159.1, 141.3, 141.1, 137.2, 133.4, 132.7,
129.7,129.1, 128.2, 126.9, 125.5, 114.1, 58.4, 55.4 ppm.
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(3,5-Diphenylthiophen-2-yl)methanol (12c)

White solid, m.p. 82-90 °C. Yield: 93%

'H NMR (400 MHz, CDCls) 8: 7.65 (2H, d, J = 7.5 Hz), 7.55 — 7.30 (9H, m),
4.86 (2H, s) ppm.

13C NMR (100 MHz, CDCls) &: 143.0, 141.3, 137.6, 135.9, 134.1, 129.0,
128.8,128.7, 127.8, 127.5, 125.8, 125.1, 58.4 ppm.

Synthesis of  3,5-bis(4-substitutedphenyl)thiophene-2-carbaldehydes
(13a-b) (general procedure):

Into 250 ml round bottomed flask was added 12 (20 mmol) and 120 ml of dry
DCM and 5 g of Na,SO4. Flask was immersed into ice bath and PCC (40
mmol, 8.6 g) was added. Reaction mixture was stirred for 12h at room
temperature. Reaction mixture was filtered through plug of silicagel and
remaining solids were washed with DCM. Filtrate was evaporated under
reduced pressure to yield 13 as yellowish solids.

3,5-Bis(4-methoxyphenyl)thiophene-2-carbaldehyde (13a)

White solid, m.p. 142-149 °C. Yield: 65%

IH NMR (400 MHz, CDCl3) &: 9.83 (1H, s), 7.64 (2H, d, J = 7.6 Hz), 7.46
(2H,d,J=7.5Hz), 7.29 (1H, s), 7.02 (2H, d, J= 7.5 Hz), 6.96 (2H, d,J =7.6
Hz), 3.89 (3H, s), 3.86 (3H, s) ppm.

3C NMR (100 MHz, CDCls) &: 183.8, 160.8, 160.3, 152.8, 152.4, 135.6,
130.7, 129.5, 127.8, 126.6, 125.7, 125.2, 114.6, 114.3, 55.4 ppm.

5-(4-Chlorophenyl)-3-(4-methoxyphenyl)thiophene-2-carbaldehyde
(13b)

White solid, m.p. 139-141 °C. Yield: 70%

'H NMR (400 MHz, CDCls) &: 9.87 (1H, s), 7.64 (2H, d, J = 8.4 Hz), 7.47
(2H, d, J =8.5Hz), 7.43 (2H, d, J = 8.4 Hz), 7.39 (1H, 5), 7.04 (2H, d, J = 8.5
Hz), 3.90 (3H, s) ppm.

13C NMR (100 MHz, CDCls) &: 184.0, 160.4, 152.2, 151.0, 136.8, 135.4,
131.6, 130.7, 129.4, 127.6, 126.6, 126.3, 114.4, 55.5 ppm.

3,5-Diphenylthiophene-2-carbaldehyde (13c)

White solid, m.p. 93-96 °C (lit. 98-99 °C 1), Yield: 62%

'H NMR (400 MHz, CDCls) &: 9.88 (1H, s), 7.70 (2H, d, J = 5.5 Hz), 7.54-
7.48 (5H, m), 7.47-7.38 (4H, m) ppm.

3C NMR (100 MHz, CDCls) &: 184.0, 152.7, 152.3, 137.1, 134.1, 133.1,
129.5,129.5, 129.1, 129.0, 128.9, 126.4, 126.4 ppm.
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Synthesis of (E)-3-(3,5-bis(4-substitutedphenyl)thiophen-2-yl)-1-
substitutedphenyl prop-2-en-1-ones (14a-j) (general procedure):

Into 50 ml round bottomed flask with magnetic stirrer were added 13 (0.7
mmol), NaOH (0.07 mmol, 3 mg), 4-substituted acetophenone 1.05 mmol and
15 ml of EtOH. Reaction mixture was refluxed until completion (monitored
by TLC). After cooling down to room temperature formed crystals were
filtered and washed with cold EtOH. Crystalline mass was recrystallized from
EtOH to obtain pure 14.

(E)-3-(3,5-bis(4-methoxyphenyl)thiophen-2-yl)-1-(4-chlorophenyl)prop-
2-en-1-one (14a)

Yellow solid, m.p. 142-150°C. Yield: 84%

'H NMR (400 MHz, CDCl3) 6: 8.03 (1H, d, J = 15.1 Hz), 7.97 (2H, d, J = 8.3
Hz), 7.62 (2H, d, J = 8.6 Hz), 7.47 (2H, d, J = 8.3 Hz), 7.39 (2H, d, J = 8.4
Hz), 7.29 (1H, d, J=15.1 Hz), 7.26 (1H, s), 7.02 (2H, d, J = 8.4 Hz), 6.96 (2H
d, J=8.6 Hz), 3.89 (3H, s), 3.87 (3H, s) ppm.

3C NMR (100 MHz, CDCls) &: 188.1, 160.2, 159.7, 148.7, 146.2, 138.9,
137.6, 136.8, 132.6, 130.5, 129.7, 128.9, 127.7, 127.4, 126.1, 125.4, 119.2,
114.5, 114.3, 55.4, 55.4 ppm.

(E)-3-(3,5-bis(4-methoxyphenyl)thiophen-2-yl)-1-(pyridin-3-yl)prop-2-
en-1-one (14b)

Orange solid, m.p. 131-135°C. Yield: 98%

IH NMR (400 MHz, CDCls) &: 9.24 (1H, s), 8.80 (1H, s), 8.29 (1H,d, J=7.5
Hz), 8.06 (1H, d, J = 15.0 Hz), 7.63 (2H, d, J = 8.3 Hz), 7.49 — 7.44 (1H, m),
7.40 (2H, d, J = 8.1 Hz), 7.30 (2H, d, J = 15.4 Hz), 7.03 (2H, d, J = 8.1 Hz),
6.98 (2H, d, J = 8.3 Hz), 3.89 (3H, s), 3.88 (3H, s) ppm.

3C NMR (100 MHz, CDCls) &: 188.1, 160.3, 159.8, 152.9, 149.6, 149.3,
146.7, 138.2, 135.7, 133.8, 132.4, 130.5, 127.7, 127.5, 126.0, 125.5, 123.6,
118.9, 114.6, 114.3, 55.4, 55.4 ppm.

(E)-4-(3-(3,5-diphenylthiophen-2-yl)acryloyl)benzonitrile (14c)

Orange solid, m.p. 155-160 °C. Yield: 87%

'H NMR (400 MHz, CDCI3) &: 8.11 - 8.03 (3H, m), 7.81 (2H, d, J = 8.3 Hz),
7.70 (2H, d,J = 7.3 Hz), 7.54 — 7.39 (9H, m), 7.33 (1H, d, J = 15.1 Hz) ppm.
3C NMR (100 MHz, CDCls) &: 188.0, 149.4, 146.8, 141.6, 138.3, 135.0,
133.9, 133.1, 132.5, 129.3, 129.2, 129.0, 128.9, 128.7, 128.5, 126.6, 126.1,
119.6, 118.1, 115.8 ppm.
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(E)-3-(3,5-bis(4-methoxyphenyl)thiophen-2-yl)-1-(4-
methoxyphenyl)prop-2-en-1-one (14d)

Yellow powder, m.p. 100-105°C. Yield: 77%

'H NMR (400 MHz, CDCls) &: 8.10-7.99 (3H, m), 7.62 (2H, d, J = 8.6 Hz),
7.45-7.35 (3H, m), 7.30-7.25 (1H, m), 7.06-6.94 (6H, m), 3.91 (3H, s), 3.89
(3H, s), 3.88 (3H, s) ppm.

13C NMR (100 MHz, CDCls) &: 187.8, 163.3, 160.1, 159.6, 147.9, 145.4,
136.3, 133.0, 131.3, 130.6, 130.4, 127.9, 127.3, 126.3, 125.3, 119.9, 114.5,
114.2, 113.8, 55.5, 55.4, 55.4 ppm.

(E)-3-(3,5-bis(4-methoxyphenyl)thiophen-2-yl)-1-(4-bromophenyl)prop-
2-en-1-one (14e)

Yellow solid, m.p. 148-152°C. Yield: 90%

'H NMR (400 MHz, CDCls) &: 8.03 (1H, d, J = 15.0 Hz), 7.90 (2H, d, J = 8.4
Hz), 7.65 (4H, dd, J =15.1, 7.1 Hz), 7.40 (2H, d, J = 8.5 Hz), 7.33 — 7.26 (2H,
m), 7.03 (2H, d, J = 8.5 Hz), 6.98 (2H, d, J = 8.6 Hz), 3.90 (3H, s), 3.88 (3H,
s) ppm.

3C NMR (100 MHz, CDCls) §: 188.3, 160.2, 159.7, 148.7, 146.2, 137.6,
137.2, 132.6, 131.8, 130.4, 129.8, 127.8, 127.8, 127.4, 126.1, 125.4, 119.2,
114.5, 114.3, 55.4, 55.4 ppm.

(E)-4-(3-(3,5-bis(4-methoxyphenyl)thiophen-2-yl)acryloyl)benzonitrile
(141)

Yellow solid, m.p. 165-167°C. Yield: 90%

'H NMR (400 MHz, CDCls) §: 8.12 - 8.02 (3H, m), 7.80 (2H, d, J = 8.0 Hz),
7.62 (2H,d,J=8.4 Hz), 7.39 (2H, d, J =8.3 Hz), 7.28 (2H, s), 7.03 (2H, d, J
= 8.3 Hz), 6.97 (2H, d, J = 8.4 Hz), 3.90 (3H, s), 3.88 (3H, s) ppm.

3C NMR (100 MHz, CDCls) &: 188.0, 160.4, 159.9, 149.5, 146.9, 141.8,
138.7, 132.4, 132.4, 130.4, 128.7, 127.6, 127.4, 126.0, 125.5, 118.7, 118.1,
115.7,114.6, 114.3, 55.4, 55.4 ppm.

(E)-3-(5-(4-chlorophenyl)-3-(4-methoxyphenyl)thiophen-2-yl)-1-(4-
methoxyphenyl)prop-2-en-1-one (14g)

Yellow solid, m.p. 146-148 °C. Yield: 78%

'H NMR (400 MHz, CDClz) 8: 8.03 (2H, d, J =8.9 Hz), 7.99 (1H, d, J=15.1
Hz), 7.59 (2H, d, J = 8.5 Hz), 7.43-7.35 (5H, m), 7.32 (1H, s), 7.00 (4H, t, J =
8.9 Hz), 3.90 (3H, s), 3.88 (3H, s) ppm.

3C NMR (100 MHz, CDCls) &: 187.7, 163.4, 159.7, 147.7, 143.7, 135.9,
134.4, 134.3, 132.0, 131.2, 130.7, 130.4, 129.3, 127.6, 127.1, 126.7, 120.7,
114.3, 113.8, 55.5, 55.4 ppm.
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(E)-3-(5-(4-chlorophenyl)-3-(4-methoxyphenyl)thiophen-2-yl)-1-
(pyridin-3-yl)prop-2-en-1-one (14h)

Orange solid, m.p. 133-135 °C. Yield: 58%

'H NMR (400 MHz, CDCl3) 6: 9.21 (1H, d, J=1.5Hz), 8.77 (1H, dd, J = 4.7
Hz, J = 1.5 Hz), 8.25 (1H, dt, J = 7.9 Hz, J = 1.8 Hz), 8.01 (1H, d, J = 15.1
Hz), 7.58 (2H, d, J = 8.5 Hz), 7.43 (1H, dd, J = 7.7 Hz, J = 4.9 Hz), 7.39 —
7.34 (4H, m), 7.32 (1H, s), 7.29 (1H, d, J = 15.2 Hz), 7.00 (2H, d, J = 8.6 Hz),
3.86 (3H, s) ppm.

3C NMR (100 MHz, CDCls) &: 188.0, 159.9, 153.0, 149.6, 148.9, 144.9,
137.8, 135.7, 134.7, 133.6, 133.6, 131.8, 130.4, 129.3, 127.3, 127.2, 126.8,
123.6, 119.7, 114.4, 55.4 ppm.

(E)-3-(5-(4-chlorophenyl)-3-(4-methoxyphenyl)thiophen-2-yl)-1-(4-
pentylphenyl)prop-2-en-1-one (14i)

Yellow solid, m.p. 141-143 °C. Yield: 43%

'H NMR (400 MHz, CDCls) &: 8.01 (1H, d, J = 15.1 Hz), 7.96 (2H, d, J = 6.7
Hz), 7.62 (2H, d, J = 6.8 Hz), 7.44-7.27 (8H, m), 7.03 (2H, d, J = 6.7 Hz),
3.89 (3H, s), 2.70 (2H, m), 1.67 (2H, m), 1.36 (4H, m), 0.92 (3H, m) ppm.
13C NMR (100 MHz, CDCls) &: 189.0, 159.7, 148.6, 147.9, 143.9, 136.3,
135.9, 134.4, 134.2, 132.0, 130.4, 129.3, 128.7, 128.5, 127.6, 127.2, 126.7,
120.9, 114.3, 55.4, 36.0, 31.5, 30.9, 22.5, 14.0 ppm.

(E)-4-(3-(5-(4-chlorophenyl)-3-(4-methoxyphenyl)thiophen-2-
yl)acryloyl)benzonitrile (14j)

Yellow solid, m.p. 211-213 °C. Yield: 71%

'H NMR (400 MHz, CDCls) &: 8.09 (2H, d, J = 7.5 Hz), 8.05 (1H, d, J = 15.2
Hz), 7.82 (2H,d,J=7.3 Hz), 7.62 (2H,d, J =75 Hz), 7.42 (2H,d, J = 8.1
Hz), 7.39 (2H, d, J = 8.5 Hz), 7.35 (1H, d, J = 16.9 Hz), 7.29 (1H, s), 7.04
(2H, d, J = 7.7 Hz), 3.90 (3H, s) ppm.

3C NMR (100 MHz, CDCls) &: 188.0, 159.9, 149.2, 145.1, 141.6, 138.4,
134.8, 133.5, 132.5, 131.7, 130.5, 129.4, 128.7, 127.3, 127.2, 126.9, 119.4,
118.1, 115.8, 114.4, 55.4 ppm.

Synthesis  of  (E)-1-(3,5-bis(4-substitutedphenyl)thiophen-2-yl1)-N-(4-
substitutedphenyl)methanimines (15a-e) (general procedure):

Into 50 ml round bottom flask 13b (1 eq, 0.7 mmol) was added together with
10 ml of THF. Na,SO4 1.5 eg. and corresponding aniline 1.5 eq. were added
and reaction mixture was refluxed for 2 h. After cooling to room temperature
reaction mixture was filtered and concentrated under reduced pressure.
Remaining solids were washed with cold MeOH to obtain imines 15.
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(E)-1-(5-(4-chlorophenyl)-3-(4-methoxyphenyl)thiophen-2-yl)-N-
phenylmethanimine (15a)

Yellow solid, m.p. 179-181 °C. Yield: 73%

'H NMR (400 MHz, CDCls) 8: 8.55 (1H, s), 7.65 (2H, d, J = 8.3 Hz), 7.48 -
7.35(7H, m), 7.27 - 7.19 (3H, m), 7.03 (2H, d, J = 8.4 Hz), 3.89 (3H, s) ppm.
3C NMR (100 MHz, CDCls) &: 159.8, 153.0, 151.4, 147.8, 136.1, 134.5,
132.2, 130.4, 129.3, 129.2, 127.6, 127.5, 127.2, 126.2, 126.1, 121.2, 114.3,
55.4 ppm.

(E)-1-(5-(4-chlorophenyl)-3-(4-methoxyphenyl)thiophen-2-yl)-N-(4-
methoxyphenyl)methanimine (15b)

Yellow solid, m.p. 141-142 °C. Yield: 75%

'H NMR (400 MHz, CDCls) &: 8.55 (1H, s), 7.64 (2H, d, J = 8.3 Hz), 7.41
(4H, dd,J=11.2,8.6 Hz), 7.34 (1H, s), 7.22 (2H, d, J = 8.6 Hz), 7.03 (2H, d,
J=8.4Hz),6.92 (2H, d, J = 8.6 Hz), 3.89 (3H, s), 3.84 (3H, s) ppm.

13C NMR (100 MHz, CDCls) &: 159.7, 158.4, 150.9, 147.0, 145.8, 144.4,
136.5, 134.3, 132.3, 130.7, 130.4, 129.2, 127.6, 127.2, 126.2, 122.4, 114.4,
55.5, 55.4 ppm.

(E)-1-(5-(4-chlorophenyl)-3-(4-methoxyphenyl)thiophen-2-yl)-N-(4-
fluorophenyl)methanimine (15c)

Yellow solid, m.p. 179-181 °C. Yield: 76%

IH NMR (400 MHz, CDCls) 8: 8.51 (1H, s), 7.64 (2H, d, J = 8.2 Hz), 7.46 —
7.39 (4H, m), 7.35 (1H, s), 7.21— 7.15 (2H, m), 7.10 — 7.00 (4H, m), 3.89 (3H,
s) ppm.

13C NMR (100 MHz, CDCls) &: 162.5, 160.0, 159.8, 152.7, 135.9, 133.3 (d, J
=241.4 Hz), 130.7,130.4, 129.4, 129.3, 127.4, 127.2, 126.2, 122.6 (d, J = 8.3
Hz), 115.9 (d, J = 22.5 Hz), 114.3, 114.3, 55.4 ppm.

(E)-1-((5-(4-chlorophenyl)-3-(4-methoxyphenyl)thiophen-2-
yl)methylene)-2-phenylhydrazine (15d)

Yellow crystals, m.p. 178-180 °C. Yield: 75%

'H NMR (400 MHz, CDCls) 8: 7.79 (1H, s), 7.59 (2H, d, J = 8.1 Hz), 7.42 -
7.34 (4H, m), 7.34 - 7.27 (3H, m), 7.23 (1H, s), 7.10 (2H, d, J = 7.5 Hz), 7.01
(2H, d, J=8.0 Hz), 6.96 — 6.87 (1H, m), 3.89 (3H, s) ppm.

13C NMR (100 MHz, CDCls) &: 159.3, 144.3, 141.8, 141.7, 134.3, 133.5,
132.6, 131.9, 130.2, 129.3, 129.1, 128.2, 126.8, 125.7, 120.3, 114.1, 112.7,
55.4 ppm.
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(E)-N-(4-bromophenyl)-1-(5-(4-chlorophenyl)-3-(4-
methoxyphenyl)thiophen-2-yl)methanimine (15e)

Yellow crystals, m.p. 165-170 °C. Yield: 17%

'H NMR (400 MHz, CDCls) &: 8.50 (1H, s), 7.64 (2H, d, J = 7.8 Hz), 7.48
(2H, d, J=8.0 Hz), 7.45—7.39 (4H, m), 7.36 (1H, s), 7.09 (2H, d, J = 7.8 Hz),
7.03 (2H, d, J = 7.9 Hz), 3.89 (3H, s) ppm.

3C NMR (100 MHz, CDCls) &: 159.9, 153.2, 150.3, 148.2, 146.9, 135.9,
134.6, 132.2, 132.1, 130.4, 129.3, 127.3, 127.2, 126.2, 122.8, 119.4, 114.3,
55.4 ppm.

Synthesis of (E)-3,5-bis(4-substitutedphenyl)-2-(4-
substitutedstyryl)thiophenes 16a-d (general procedure):

Solution of aryltriphenylphosphonium bromide 1.2 eq in DCM 5 ml was
made. KOtBu (1.2 eg. 40 mg) and 13b (1 eqg, 0.3 mmol) were added. Reaction
mixture was stirred at room temperature until completion (monitored by
TLC). Reaction mixture was transferred to separatory funnel and washed with
2*10 ml NH.CI saturated solution and with 10 ml H2O. Organic layer was
separated and dried with Na,SO,. After evaporation of the solvent under
reduced pressure remaining solid was purified using column chromatography
(PhMe as eluent) to yield pure 16.

(E)-5-(4-chlorophenyl)-3-(4-methoxyphenyl)-2-styrylthiophene (16a)
Yellow crystals, m.p. 144-146 °C. Yield: 65%

IH NMR (400 MHz, CDCls) 8: 7.66-7.19 (13H, m), 7.13-6.91 (3H, m), 3.91
(3H, s) ppm.

13C NMR (100 MHz, CDCls) &: 159.1, 141.6, 139.9, 137.1, 136.7, 133.4,
132.6, 130.3, 129.1, 129.0, 128.7, 128.5, 127.6, 126.8, 126.4, 126.2, 121.1,
114.1, 55.4 ppm.

(E)-5-(4-chlorophenyl)-3-(4-methoxyphenyl)-2-(4-
methoxystyryl)thiophene (16b)

Yellow crystals, m.p. 133-135 °C. Yield: 69%

'H NMR (400 MHz, CDCls) é: 7.56 (2H, d, J = 8.6 Hz), 7.39 (2H, d, J = 8.8
Hz), 7.36 (4H, d, J = 8.5 Hz), 7.25 (1H, s), 7.11 (1H, d, J = 16 Hz), 7.00 (2H,
d,J=8.8Hz), 6.94 (1H, d, J = 16 Hz), 6.87 (2H, d, J = 8.8 Hz), 3.88 (3H, 3),
3.82 (3H, s) ppm.

13C NMR (100 MHz, CDCls) &: 159.3, 159.0, 140.8, 139.3, 137.2, 133.3,
132.7, 130.3, 129.9, 129.1, 128.9, 128.7, 127.7, 126.7, 126.2, 119.1, 114.2,
114.0, 55.4, 55.4 ppm.
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(E)-5-(4-chlorophenyl)-2-(3,4-dimethoxystyryl)-3-(4-
methoxyphenyl)thiophene (16¢)

Yellow crystals, m.p. 128-130 °C. Yield: 59%

'H NMR (400 MHz, CDCls) 8: 7.55 (2H, d, J = 8.5 Hz), 7.40 (2H, d, J = 8.7
Hz), 7.35 (2H, d, J = 8.5 Hz), 7.25 (1H, s), 7.10 (1H, d, J = 16 Hz), 7.00 (2H,
d,J=8.7 Hz), 6.99 (1H, dd, J = 7.9 Hz, 2.0 Hz), 6.93 (1H, d, J = 16 Hz), 6.83
(2H, d, J =8.3 Hz), 3.89 (6H, s), 3.88 (3H, s) ppm.

3C NMR (100 MHz, CDCls) &: 159.1, 149.1, 149.0, 140.9, 139.4, 137.0,
133.3, 132.6, 130.3, 129.1, 129.0, 129.0, 128.7, 126.7, 126.2, 119.6, 119.3,
114.0, 111.3, 109.1, 56.0, 55.9, 55.4 ppm.

(E)-5-(4-chlorophenyl)-2-(4-chlorostyryl)-3-(4-methoxyphenyl)thiophene
(16d)

Yellow solid, m.p. 146-148°C. Yield: 72%

'H NMR (400 MHz, CDCls) &: 7.58 (2H, d, J = 8.6 Hz), 7.40 (1H, s), 7.38
(1H,s), 7.34 (2H, d, J = 2.4 Hz), 7.32 (2H, d, J = 2.2 HZz), 7.29 — 7.28 (1H,
m), 7.25 — 7.24 (1H, m), 7.04 (2H, d, J = 8.7 Hz), 7.00 (2H, d, J = 8.7 Hz),
6.93 (1H, d, J = 16.0 Hz), 3.91 (3H, s) ppm.

13C NMR (100 MHz, CDCls) &: 159.2, 142.0, 136.3, 135.6, 133.4, 130.4,
130.3, 130.3, 129.1, 128.9, 128.7, 127.5, 126.9, 126.2, 124.7, 123.5, 121.7,
114.1, 55.4 ppm.

Synthesis of 3,5-diphenylthiophene-2-carboxylic acid 17:

Into 500 ml round bottomed flask 11c (14 g) was added together with 250 ml
H20 and NaOH 1.5 eq. and 20 ml iPrOH. Reaction mixture was refluxed until
fully transparent solution was obtained. Reaction mixture was filtered into
1000 ml beaker and diluted to 700 ml. pH was adjusted to <2 by addition of
conc. HCI. Obtained white crystalline mass was filtered, washed with water
and air dried to obtain 13g 17.

White solid, m.p. 231-235°C (Lit. 235 °C %), Yield: 97%

Synthesis of 3,5-diphenylthiophene-2-carbonyl chloride 18:
3,5-diphenylthiophene-2-carboxylic acid 17 (13 g) was added into 250 ml
round bottomed flask and SOCI, 150 ml added all at once. While stirring at
room temperature with reflux condenser DMF (0.5 ml) was added. Reaction
mixture was stirred until complete dissolution of 17. Unreacted SOCI, was
removed under reduced pressure and remaining solid recrystallized from
hexane to yield 19g of 18.

White solid, m.p. 215-216 °C (dec.). Yield: 96%
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'H NMR (400 MHz, CDCls) é: 7.76 — 7.70 (2H, m), 7.54 — 7.45 (8H, m), 7.40
(1H, s) ppm.

13C NMR (100 MHz, CDCls) &: 158.0, 154.1, 152.7, 134.7, 132.3, 130.0,
129.5,129.4, 128.9, 128.8, 128.4, 128.2, 126.3 ppm.

Synthesis of 3-(4-substitutedphenyl)-1-(3,5-diphenylthiophen-2-yl)prop-
2-yn-1-ones 19a-b (general procedure):

Into 25 ml round bottomed flask (inert atmosphere) were added: 18 (1 eq, 2
mmol), Cul 0.06 eq, toluene 3ml and 4-substituted phenyl acetylene 1.4 eq.
with TEA 5.2 eq. Flask was immersed into preheated oil bath (88 °C) and
reaction mixture was magnetically stirred for 5 h. After cooling down to room
temperature mixture was transferred into separatory funnel and washed with
NH4Cl saturated solution and with H2O. Organic layer was separated and dried
with Na;SO, and filtered through plug of silicagel. After removal of the
solvent under reduced pressure 19 was obtained as a solid.

1-(3,5-Diphenylthiophen-2-yl)-3-phenylprop-2-yn-1-one (19a)

White solid, m.p. 152-155°C. (Rf = 0.6; Tol.) Yield: 80%

'H NMR (400 MHz, CDCl3) 6 7.73 (2H, d, J = 6.9 Hz), 7.63 (2H, d, J = 6.6
Hz), 7.50 — 7.39 (7H, m), 7.36 (1H, s), 7.33 — 7.27 (2H, m), 7.18 (2H, d, J =
7.3 Hz) ppm.

13C NMR (100 MHz, CDCls) & 169.8, 151.2, 149.6, 138.0, 135.7, 133.2,
132.9, 130.5, 129.8, 129.4, 129.2, 128.4, 128.3, 128.2, 128.2, 126.3, 120.0,
93.3, 87.8 ppm.

3-(4-Chlorophenyl)-1-(3,5-diphenylthiophen-2-yl)prop-2-yn-1-one (19b)
Yellowish solid, m.p. 157-159°C. (Rf = 0.5, PE:EA = 10:1) Yield: 32%

'H NMR (400 MHz, CDCls) § 7.74 — 7.71 (2H, m), 7.64 — 7.60 (2H, m), 7.50
—7.40 (6H, m), 7.36 (1H, s), 7.29 — 7.25 (2H, m), 7.09 — 7.03 (2H, m) ppm.
3C NMR (100 MHz, CDCls) & 169.6, 151.5, 149.8, 138.0, 136.9, 135.7,
134.3, 132.9, 129.9, 129.5, 129.2, 128.7, 128.5, 128.3, 128.2, 126.3, 118.4,
91.9, 88.4 ppm.

Synthesis of 5-(3,5-diphenylthiophen-2-yl)-3-phenylisoxazole (20):

Into 25 ml round bottomed flask with magnetic stirrer were added 19a (1 eq,
84 mg), hydroxylamine hydrochloride (1.1 eq, 24 mg), EtOH 5 ml and TEA
(1.5 eqg). Reaction mixture was refluxed for 4 h. after cooling to room
temperature formed crystals were filtered and washed with small amount of
cold EtOH and air dried to afford 26 mg of pure 20.

White needles, m.p. 118-121°C. Yield: 32%
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'H NMR (400 MHz, CDCls) &: 7.73-7.66 (4H, m), 7.53-7.40 (10H, m), 7.39-
7.32 (2H, m), 6.18 (1H, s) ppm.

3C NMR (100 MHz, CDCls) &: 165.1, 162.7, 146.1, 143.3, 135.8, 133.3,
130.0, 129.1, 128.9, 128.9, 128.9, 128.8, 128.5, 128.4, 126.8, 126.6, 125.9,
123.0, 98.4 ppm.

Synthesis of 4-(3,5,5'-triphenyl-[2,3'-bithiophen]-2'-yl)pyridine (21):

Into 25 ml round bottomed flask with 19a (1 eq, 56 mg) were added 24d 2 eq.
and KOH 5 eq. with MeOH 5 ml. Reaction mixture was refluxed for 5 h. and
after cooling to room temperature water was added and organic material was
extracted with DCM. After washing of organic layer with H20 and drying
with Na2S04 silicagel was added and solvent was evaporated under reduced
pressure. Remaining solid was transferred into silicagel column and
chromatography performed with Tol:PE = 5:1 to obtain pure 21.

Yellowish crystals, m.p. 110-115°C. Yield: 46%

'H NMR (400 MHz, DMSO-d¢) &: 8.37-8.33 (2H, m), 7.77-7.70 (5H, m), 7.66
(1H, s), 7.48-7.41 (4H, m), 7.40-7.31 (2H, m), 7.18-7.10 (5H, m), 7.03-6.99
(2H, m) ppm.

13C NMR (100 MHz, DMSO-de) 8: 150.2, 144.3, 143.6, 141.6, 140.6, 136.8,
135.7, 133.5, 133.0, 132.9, 130.5, 129.7, 129.4, 129.0, 128.7, 128.6, 128.3,
128.2,127.4,126.1, 125.9, 125.7, 122.1 ppm.

Synthesis of 3-(3,5-diphenylthiophen-2-yl)-5-phenyl-1H-pyrazole (22):
Into 50 ml round bottomed flask with 19a (1 eq, 136 mg) were added EtOH 4
ml and hydrazine hydrate 2 eq. Reaction mixture was refluxed for 2 h. and
when cooled back to room temperature large amount of crystalline mass
appeared. Crystals were filtered and washed with small amount of cold EtOH
and air dried to afford 22.

White needles, m.p. 196-198°C. Yield: 48%

'H NMR (400 MHz, CDCls) &: 7.70 — 7.59 (4H, m), 7.52 — 7.26 (13H, m),
6.44 (1H, s) ppm.

3C NMR (100 MHz, CDCls) &: 143.1, 140.4, 136.3, 133.8, 130.9, 129.0,
128.9, 128.8, 128.8, 128.6, 128.4, 127.9, 127.9, 127.5, 126.3, 125.7, 125.6,
125.5, 101.9 ppm.

Synthesis of 2-(5'-(4-chlorophenyl)-3,5-diphenyl-[2,3'-bithiophen]-2'-yl)-
1H-benzo[d]imidazole (23):

Into 25 ml pear shaped flask were added 19b (1 eq, 155 mg) and 24a (1.2 eq,
77mg) together with DBU (0.4 ml) and MeOH 4 ml. Reaction mixture was
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refluxed for 4 h. Solvent vas removed under reduced pressure and remaining
residue was purified by column chromatography PE:EA = 4:1 to afford 23.
Yellowish powder, m.p. 140-144°C. Yield: 23%

'H NMR (400 MHz, CDCls) 8: 12.05 (1H, br. s), 7.81 (1H, s), 7.75 (2H, d, J
=7.3Hz), 7.68 (2H, d, J = 8.6 Hz), 7.50 (2H, d, J = 8.6 Hz), 7.47-7.41 (3H,
m), 7.40 (1H, s), 7.39-7.31 (3H, m), 7.23-7.10 (6H, m) ppm.

3C NMR (100 MHz, CDCls) &: 145.3, 143.5, 143.2, 142.0, 135.9, 133.7,
133.6, 133.5, 131.9, 130.3, 129.8, 129.8, 129.7, 129.7, 128.6, 128.6, 128.6,
128.5, 127.6, 127.6, 126.5, 126.5, 126.2, 125.7 ppm.

Synthesis of thiols 24a-b (general procedure):

Based on known procedure 51, Benzene-1,2-diamine or 4-chlorobenzene-
1,2-diamine 1 mol eq. is added to round bottomed flask and H2O (5 ml for 1g
diamine) is added. Conc. HCI (same volume as H,0O) is also added to the flask.
Reaction mixture is stirred for 5 min. and thioglycolic acid 1 eq. is added.
Reaction mixture was refluxed for 12 h. After cooling down to room
temperature NaHCO3; was cautiously added (lots of foam) until pH was > 8.
Formed solid material was filtered, washed with water and air dried to afford
24a-b.

(1H-benzo[d]imidazol-2-yl)methanethiol (24a)

Grey powder, m.p. 155-160 °C (lit. 156-157 °C [15%), Yield: 70%

IH NMR (400 MHz, DMSO-ds) &: 12.60 (1H, s), 7.60 — 7.48 (2H, m), 7.37
(1H,s), 7.18 (2H, dd, J = 5.9, 3.1 Hz), 4.21 (2H, s) ppm.

3C NMR (100 MHz, DMSO-dg) &: 154.1, 151.1, 143.4, 128.8, 122.3, 119.1,
111.8, 36.3 ppm.

(5-Chloro-1H-benzo[d]imidazol-2-yl)methanethiol (24b)
Brownish crystals, m.p. 118-125 °C (lit. 125 °C 152, Yield: 52%

Synthesis of carbamimidothioates 24c-e (general procedure):

Based on literature method [ Into 50 ml round bottomed flask
corresponding substituted methyl chloride 1 eq. is added together with
thiourea 1.2 eq. and ethanol 20 ml is poured into the flask. Reaction mixture
is refluxed for 4 h. and cooled back to room temperature. Formed crystals are
filtered, washed with cold EtOH, acetone and air dried.

(5,6-Dichloro-1H-benzo[d]imidazol-2-yl)methyl carbamimidothioate
hydrochloride (24c)
Brownish crystals, m.p. 225-235 °C (lit. 231-233 °C %), Yield: 82%
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Pyridin-4-yImethyl carbamimidothioate hydrochloride (24d)
White crystals, m.p. 209-217 °C (lit. 214 °C %), Yield: 71%

(1-Methyl-1H-imidazol-2-yl)methyl carbamimidothioate hydrochloride
(24e)
White crystals, m.p. 190-195 °C. Yield: 98%

Synthesis of 3,5-diaryl-2-heteroarylthiophenes (25a-s) and 2-heteroaryl-
3,5-diaryl-2,3-dihydrothiophen-3-ols (27a-¢).

To the 25 ml round bottomed flask the corresponding heteroarylmethanethiol
24a-b or heteroarylmethyl carbamimidothioate 24c-e (1.5 eq, 0.45 mmol) and
NaOH 3 eq. were added with 5 ml EtOH. Reaction mixture was refluxed for
1 hour under inert atmosphere, then the corresponding 1,3-diarylpropynone 7
1 eg. was added and refluxing was continued until full completion of the
reaction (monitored by TLC). The solvent was evaporated under reduced
pressure. Residue was portioned between DCM and water. The organic layer
was separated and washed with water, dried with Na,SO4 and concentrated
under reduced pressure. The resulting solid material was purified by
crystallization or column chromatography.

2-(3,5-Diphenylthiophen-2-yl)-1H-benzo[d]imidazole (25a)

Yellowish powder, m.p. 210 — 215 °C (iPrOH). Yield: 62%

'H NMR (400 MHz, CDCls) &: 8.89 (1H, s), 7.79 (1H, d, J = 7.8 Hz), 7.69
(2H,d,J=7.3 Hz), 7.62 — 7.49 (5H, m), 7.43 (2H, t,J =7.5Hz), 7.39 - 7.31
(2H, m), 7.29 — 7.23 (1H, m), 7.20 (2H, m) ppm.

13C NMR (100 MHz, CDCls) &: 146.0, 143.1, 141.8, 136.0, 133.4, 129.4,
129.1, 129.0, 128.8, 128.4, 126.6, 125.8, 123.3, 122.6, 119.5, 110.5 ppm.
HRMS (ESI) calcd. for C2sHi7N2S (MH*): 353.1106; found 353.11009.

2-(3,5-Bis(4-methoxyphenyl)thiophen-2-yl)-1H-benzo[d]imidazole (25b)
Yellow crystals, m.p. 255 — 258 °C (EtOH). Yield: 92%.

'H NMR (400 Hz, CDCls) &: 9.18 (1H, br. s), 7.56 (2H, d, J = 8.0 Hz), 7.50 -
7.42 (4H, m), 7,20 - 7,13 (3H, m), 6.99 (2H, d, J =8.0 Hz), 6.91 (2H, d, J =
4.8 Hz), 3.85 (3H, s), 3.83 (3H, s) ppm.

3C NMR (100 MHz, CDCls) 6: 159.8, 146.8, 145.9, 141.8, 130.1, 128.1,
127.1,126.2, 125.6, 122.8, 114.7, 114.4, 55.3 ppm.

HRMS (ESI) calcd. for C2sH2:N20,S (MH*): 413.1318; found 413.1322.
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2-(5-(4-Methoxyphenyl)-3-(4-(trifluoromethyl)phenyl)thiophen-2-yl)-
1H-benzo[d]imidazole (25c)

Yellow crystals, m.p. 260 — 270 °C (Rf = 0.4, PE:EA = 3:1). Yield: 42%.

'H NMR (400 MHz, DMSO-ds) 8: 12.62 (1H, s), 7.82 — 7.67 (7H, m), 7.65 —
7.59 (1H, m), 7.44 - 7.36 (1H, m), 7.26 - 7.14 (2H, m), 7.05 (2H, d, J = 8.7
Hz), 3.81 (3H, s) ppm.

13C NMR (100 MHz, DMSO-dg) &: 160.1, 145.9, 145.4, 143.9, 140.6, 139.6,
135.3, 129.9, 128.5 (q, J = 31.3 Hz), 127.5, 126.9, 126.2, 126.0 (q, J = 3.7
Hz), 125.8,124.8 (q,J =270 Hz), 123.3, 122.3, 119.2, 115.2, 112.1, 55.8 ppm.
HRMS (ESI) calcd. for C25H1sF3N.OS (MH*): 451.1086; found 451.1091.

2-(3-(4-Methoxyphenyl)-5-(4-(trifluoromethyl)phenyl)thiophen-2-yl)-
1H-benzo[d]imidazole (25d)

Yellow crystals, m.p. 120 — 125 °C (Rf = 0.4, PE:EA = 3:1). Yield: 64%.

'H NMR (400 MHz, CDCl3) 3: 9.49 (1H, br. s), 7.64 (2H, d, J = 8.0 Hz); 7.56
(2H, d, J = 8.0 Hz), 7.48 (2H, br. s), 7.36 (2H, d, J = 8.4 Hz), 7.27 (1H, s),
7.23-7.20 (2H, m), 6.91 (2H, d, J = 8.8 Hz), 3.79 (3H, s) ppm.

13C NMR (100 MHz, CDCls) &: 146.2, 143.8, 142.0, 136.7, 130.0 (¢, J = 32.6
Hz), 130.0, 127.8, 127.7, 127.5, 126.0 (q, J = 3.6 Hz), 125.8, 124.0 (q, J =
270.4 Hz), 123.1, 114.7, 55.3 ppm.

HRMS (ESI) calcd. for CosH1sF3N20S (MH*): 451.1086; found 451.1090.

2-(3,5-Bis(4-(trifluoromethyl)phenyl)thiophen-2-yl)-1H-
benzo[d]imidazole (25e¢)

Yellow crystals, m.p. 130 — 135 °C (Rf = 0.5, PE:EA = 4:1). Yield: 44%.

'H NMR (400 MHz, CDCls) 8: 9.17 (1H, br. s), 7.53 - 7.49 (5H, m), 7.47 -
7.42 (5H, m), 7.26 - 7.21 (3H, m) ppm.

13C NMR (100 MHz, CDCls) &: 145.3, 144.4, 140.6, 138.6, 136.0, 130.2 (¢, J
= 33.0 Hz), 130.4 (g, J = 33.0 Hz), 128.9, 128.5, 128.3, 127.9, 127.1, 126.0
(9, J=3.7Hz),125.9 (q, J = 3.7 Hz), 125.6, 123.8 (g, J = 270.0 Hz), 123.7 (q,
J=271.0 Hz), 123.5 ppm.

HRMS (ESI) calcd. for CasHisFsN2S (MH*): 489.0855; found 489.0859.

2-(3,5-Bis(4-(pentyloxy)phenyl)thiophen-2-yl)-1H-benzo[d]imidazole
(25f)

White powder, m.p. 95 - 100 °C (iPrOH). Yield: 72%.

'H NMR (400 MHz, CDCl3) &: 9.00 (1H, br. s), 7.58 (2H, d, J = 8.6 Hz), 7.45
(2H, d, J=8.5Hz), 7.29 (1H, s), 7.26 — 7.12 (3H, m), 7.15 (1H, s), 7.02 (2H,
d, J=8.6 Hz),6.93 (2H, d, J = 8.7 Hz), 4.08 — 3.95 (4H, m), 1.90 — 1.78 (4H,
m), 1.56 — 1.36 (8H, m), 1.04 —0.91 (6H, m) ppm.
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3C NMR (100 MHz, CDCls) &: 159.5, 159.4, 147.0, 145.9, 143.2, 141.8,
133.5, 130.1, 128.0, 127.1, 126.1, 125.6, 125.6, 123.0, 122.4, 119.3, 115.3,
115.0, 110.4, 68.2, 68.1, 29.0, 28.9, 28.2, 28.2, 22.5, 22.4, 14.0, 14.0 ppm.
HRMS (ESI) calcd. for C33H37N20,S (MH™): 379.2268; found 379.2270.

5-Chloro-2-(3,5-diphenylthiophen-2-yl)-1H-benzo[d]imidazole (259)
Yellowish powder, m.p. 205 — 209 °C (iPrOH). Yield: 55%.

'H NMR (400 MHz, CDCls) 8: 12.29 (1H, s), 7.82 (2H, d, J = 7.3 Hz), 7.78
(1H,s), 7.73 — 7.35 (10H, m), 7.22 (1H, d, J = 8.1 Hz) ppm.

3C NMR (100 MHz, CDCly) &: 147.7, 145.3, 142.8, 135.2, 133.3, 130.1,
129.8, 129.2, 129.1, 129.0, 128.7, 128.5, 127.5, 126.9, 126.0, 123.1, 120.5,
118.4, 113.5 ppm.

HRMS (ESI) calcd. for C23sH16CIN2S (MH*): 387.0717; found 387.0719.

2-(3,5-Bis(4-methoxyphenyl)thiophen-2-yl)-5-chloro-1H-
benzo[d]imidazole (25h)

Yellow powder, m.p. 235 — 237 °C (EtOH). Yield: 58%.

'H NMR (400 MHz, DMSO-dg) &: 12.03 (1H, br. s), 7,72 (2H, d, J = 8.6 Hz),
7.60-7.53 (2H, m), 7.50 (1H, d, J = 8.3 Hz), 7.41 (2H, d, J = 8.6 Hz), 7.19
(1H, dd, J = 8.5, 1.6 Hz), 7.03 (2H, d, J = 8.7 Hz), 6.98 (2H, d, J = 8.6 Hz),
3.81 (3H, s), 3.79 (3H, s) ppm.

13C NMR (100 MHz, DMSO-ds) &: 160.0, 159.6, 148.1, 145.2, 142.5, 130.3,
127.7, 127.7, 127.4, 127.4, 126.8, 126.3, 126.0, 124.1, 124.1, 122.7, 122.7,
115.1, 114.6, 55.8, 55.6 ppm.

HRMS (ESI) calcd. for C2sH2CIN20,S (MH™): 447.0928; found 447.0934.

5-Chloro-2-(5-(4-methoxyphenyl)-3-(4-
(trifluoromethyl)phenyl)thiophen-2-yl)-1H-benzo[d]imidazole (25i)
Yellow crystals, m.p. 200 — 205 °C (Rf = 0.2, CHCI;:MeCN = 98:2), Yield:
64%.

'H NMR (400 MHz, CDCl3) 3: 9.03 (1H, br. s), 7.72 (2H, d, J = 8.0 Hz), 7.69
(1H,s), 7.61 (2H, d, J =8.0 Hz), 7.55 (2H, d, J = 8.4 Hz), 7.26-7.15 (2H, m),
7.16 (1H,s), 6.92 (2H, d, J = 8.0 Hz), 3.84 (3H, s) ppm.

13C NMR (100 MHz, CDCls) &: 160.1, 147.1, 140.6, 139.4, 139.4, 130.8,
130.6 (g, J=32.6 Hz), 130.6, 129.3, 127.2, 126.3, 126.2 (¢, J= 3.5 Hz), 125.9,
125.7,125.3, 125.2, 125.1, 123.8 (q, J= 270.6 Hz), 114.6, 113.7, 55.4 ppm.
HRMS (ESI) calcd. for C2sH17CIFsN.OS (MH*): 485.0697; found 485.0701.

5,6-Dichloro-2-(3,5-diphenylthiophen-2-yl)-1H-benzo[d]imidazole (25f)
Yellowish powder, m.p. 232 — 233 °C (iPrOH). Yield: 60%.
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'H NMR (400 MHz, DMSO-ds) 8: 12.32 (1H, br. s), 7.89 - 7.68 (5H, m), 7.56-
7.31 (8H, m) ppm.

13C NMR (100 MHz, DMSO-dg) &: 148.9, 145.7, 143.2, 139.5, 135.1, 133.2,
129.8,129.2,129.1, 129.1, 128.6, 127.6, 126.1, 125.6, 125.1, 116.8 ppm.
HRMS (ESI) calcd. for C23H1sCIN2S (MH™): 421.0328; found 421.0332.

2-(3,5-Bis(4-methoxyphenyl)thiophen-2-yl)-5,6-dichloro-1H-
benzo[d]imidazole (25k)

Yellow crystals, m.p. 122 - 127 °C (Rf = 0.3, PE:EA = 4:1), Yield 74%.

'H NMR (400 MHz, CDCls) 8: 8.76 (1H, br. s), 7.79 (1H, s), 7.59 (2H, d, J =
8.4 Hz), 7.43 (2H, d, J = 8.8 Hz), 7.31 (1H, s), 7.14 (1H, s), 7.05 (2H, d, J =
8.4 Hz), 6.94 (2H, d, J = 8.8 Hz), 3.90 (3H, s), 3.85 (3H, s) ppm.

3C NMR (100 MHz, CDCls) &: 160.1, 160.0, 148.9, 146.8, 145.2, 142.7,
132.7, 130.1, 127.8, 127.2, 126.0, 125.7, 124.6, 120.2, 114.9, 114.5, 111.8,
55.4 ppm.

HRMS (ESI) calcd. for C2sH19CI.N202S (MH*): 481.0539; found 481.0545.

5,6-Dichloro-2-(5-(4-methoxyphenyl)-3-(4-
(trifluoromethyl)phenyl)thiophen-2-yl)-1H-benzo[d]imidazole (25I)
Yellow crystals, m.p. 227 — 231 °C (Rf = 0.3, CHCl3:MeCN = 98:2), Yield
62%.

'H NMR (400 MHz, CDCls) 8: 9.13 (1H, br. s), 7.76 (1H, s), 7.72 (2H, d, J =
8.0 Hz), 7.60 (2H, d, J = 8.0 Hz), 7.54 (2H, d, J = 8.8 Hz), 7.34 (1H, ), 7.16
(1H, s), 6.92 (2H, d, J = 8.8 Hz), 3.84 (3H, s) ppm.

13C NMR (100 MHz, CDCls) &: 160.3, 148.0, 147.6, 142.6, 141.0, 139.3,
130.9 (3Jcr = 32.6 Hz), 130.7, 129.3, 127.2, 126.3 (q, J = 3.5 Hz), 125.5,
125.4,125.2, 123.8 (q, J = 270.9 Hz), 114.6, 112.0, 55.4 ppm.

HRMS (ESI) calcd. for C2sH16CIoFsN2OS (MH*): 519.0307; found 519.0315.

4-(3,5-Diphenylthiophen-2-yl)pyridine (25m)

Yellowish plates, m.p. 107 — 110 °C (EtOH). Yield: 67%.

'H NMR (400 MHz, DMSO-ds) &: 8.50 (2H, d, J = 5.0 Hz), 7.79 — 7.75 (2H,
m), 7.70 (1H, s), 7.47 (2H,t, J = 7.6 Hz), 7.43 - 7.34 (6H, m), 7.22 (2H, dd, J
= 4.6, 1.5 Hz) ppm.

B3C NMR (100 MHz, DMSO-ds) &: 150.5, 144.2, 141.7, 141.4, 135.8, 134.0,
133.3,129.7, 129.3, 129.2, 128.8, 128.3, 128.0, 125.9, 123.2 ppm.

HRMS (ESI) calcd. for C21H16NS (MH™): 314.0998; found 314.0998.

4-(3,5-Bis(4-methoxyphenyl)thiophen-2-yl)pyridine (25n)
Yellow crystals, m.p. 120 — 125 °C (Rf = 0.5, Tol:EA = 1:1). Yield: 89%

104



'H NMR (400 MHz, CDCls) &: 8.47 (2H, br. s), 7.57 (2H, d, J = 8.0 Hz), 7.24-
7.22 (2H, m), 7.20-7.17 (3H, m), 6.94 (2H, d, J = 8.0Hz), 6.89 (2H, d, J = 8.0
Hz), 3.84 (6H, s) ppm.

3C NMR (100 MHz, CDClg) &: 159.8, 159.2, 149.9, 144.5, 142.3, 141.3,
137.9, 1325, 132.5, 130.1, 128.5, 127.1, 126.4, 114.5, 114.2, 55.4, 55.3 ppm.
HRMS (ESI) calcd. for C23sH1oNO,S (MH"): 374.1209; found 374.1212.

4-(5-(4-Methoxyphenyl)-3-(4-(trifluoromethyl)phenyl)thiophen-2-
yDpyridine (250)

Amber oil (Rf = 0.3, PE:EA = 2:1), yield: 51%.

'H NMR (400 MHz, CDCls) 6: 8.47 2H, d, J = 6.0 Hz), 7.52 (2H, d, J =84
Hz), 7.55 (2H, d, J = 8.8 Hz), 7.41 (2H, d, J = 8.0 Hz), 7.22 (1H, s), 7.14 (2H,
d, J=6.0 Hz), 6.93 (2H, d, J = 8.8 Hz), 3.82 (3H, s) ppm.

3C NMR (100 MHz, CDCls) &: 160.0, 149.9, 145.4, 141.7, 139.7, 139.7,
134.1, 129.7 (Jcr = 32.3 Hz), 129.3, 127.1, 125.9, 125.7 (3Jcr = 3.7 Hz),
125.6, 124.1 (M= 270.5 Hz), 123.0, 114.5, 55.4 ppm.

HRMS (ESI) calcd. for CsHi7FsNOS (MH*): 412.0977; found 412.0981.

4-(3-(4-Methoxyphenyl)-5-(4-(trifluoromethyl)phenyl)thiophen-2-
yDpyridine (25p)

Yellow crystals, m.p. 120 - 125°C (Rf = 0.3, Tol:EA = 2:1). Yield: 67%.

'H NMR (400 MHz, CDCls) 6: 8.50 (2H, d, J = 6.0 Hz), 7.74 (2H,d, J = 8.4
Hz), 7.66 (2H, d, J = 8.4 Hz), 7.41 (1H, s), 7.24 (2H, d, J = 8.8 Hz), 7.22 (2H,
d, J=6.0 Hz), 6.90 (2H, d, J = 8.8 Hz), 3.84 (3H, s) ppm.

3C NMR (100 MHz, CDCls) &: 159.4, 149.9, 142.4, 141.9, 141.5, 137.0,
134.9, 130.1, 129.7, 129.9 (q, J = 32.5 Hz), 128.4, 127.9, 126.1 (q, J = 3.7
Hz), 125.8, 124.0 (q, J = 270.1 Hz), 114.3, 55.3 ppm.

HRMS (ESI) calcd. for C2sHi7FsNOS (MH™): 412.0977; found 412.0981.

4-(3,5-Bis(4-(trifluoromethyl)phenyl)thiophen-2-yl)pyridine (25r)
Yellow crystals, m.p. 115 — 130 °C (Rf = 0.4, Tol:EA = 2:1). Yield: 50%.

'H NMR (400 MHz, CDCls) 6: 8.54 (2H, d, J =8.0 Hz), 7.75 (2H, d, J = 8.0
Hz), 7.68 (2H, d, J = 8.0 Hz), 7.63 (2H, d, J = 8.0 Hz), 7.44 (2H, d, J = 8.0
Hz), 7.44 (1H, s), 7.19 (2H, d, J = 8.0 Hz) ppm.

3C NMR (100 MHz, CDCls) &: 150.1, 143.2, 141.1, 139.9, 139.1, 136.7,
136.6, 130.2 (g, J = 33.0 Hz), 130.0 (q, J = 32.0 Hz), 129.3, 127.8, 126.2 (*Jc-
r=3.7 Hz), 125.9, 125.8 (g, J = 3.7 Hz), 124.0 (g, J = 271.0 Hz), 124.0 (q, J
=270.0 Hz), 123.1 ppm.

HRMS (ESI) calcd. for C23H14FsNS (MH™): 450.0746; found 450.0751.
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2-(3,5-Bis(4-methoxyphenyl)thiophen-2-yl)-1-methyl-1H-imidazole (25s)
Brown oil (Rf = 0.6, Tol:EA = 1:1). Yield: 30%.

'H NMR (400 MHz, CDCls) &: 7.55 (2H, d, J = 8.0 Hz), 7.38 (1H, s), 7.16 -
7.15 (2H, m), 7.14 (1H, s), 6.91 (2H, d, J = 8.0 Hz), 6.84 - 6.83 (2H, m), 6.81
(1H,s), 3.81 (3H, s), 3.77 (3H, s), 3.00 (3H, S) ppm.

3C NMR (100 MHz, CDCls) &: 159.6, 159.0, 145.4, 142.2, 141.5, 129.0,
128.9, 128.6, 127.1, 126.6, 123.4, 123.1, 121.7, 114.4, 114.2, 55.4, 55.2, 33.3

ppm.
HRMS (ESI) calcd. for C2H21N20,S (MH*): 377.1318; found 377.1312,

(2R,3S) or (2S,3R)-5-(4-methoxyphenyl)-2-(1-methyl-1H-imidazol-2-yl)-
3-(4-(trifluoromethyl)phenyl)-2,3-dihydrothiophen-3-ol (27a)

Brown oil. Yield: 38%.

'H NMR (400 Hz, CDCls) &: 7.73 (2H, d, J = 8.4 Hz), 7.57 (2H, d, J = 8.0
Hz), 7.50 (2H, d, J = 8.8 Hz), 7.03 (1H, s), 6.89 (2H, d, J = 8.8 Hz), 6.82 (1H,
s), 6.10 (1H, s), 5.08 (1H, s), 3.83 (3H, s), 3.42 (3H, s) ppm.

13C NMR (100 MHz, CDCls) 8:160.4, 142.7, 141.7 (q, J = 265.0 Hz), 137.8,
129.7 (9, J=32.0 Hz), 128.8, 128.1, 127.2,126.3, 125.1 (9, J = 4.0 Hz), 123.1,
122.0, 113.9, 88.7, 55.4, 55.3, 52.4, 32.5 ppm.

(2R,3S) or (2S,3R)-3-(4-methoxyphenyl)-2-(1-methyl-1H-imidazol-2-yl)-
5-(4-(trifluoromethyl)phenyl)-2,3-dihydrothiophen-3-ol (27b)

Brown oil. Yield: 44%.

IH NMR (400 Hz, DMSO-ds) &: 7.82 (2H, d, J = 8.4 Hz), 7.79 (2H, d, J = 8.8
Hz), 7.44 (2H, d, J = 8.8 Hz), 7.16 (1H, s), 6.93 (1H, s), 6.90 (2H, d, J = 8.4
Hz), 6.53 (1H, s), 5.42 (1H, s), 3.75 (3H, s), 3.46 (3H, s) ppm.

3C NMR (100 MHz, DMSO-dg) &: 159.0, 142.7, 138.9 (g, J = 271.9 Hz),
137.3, 129.4 (q, J = 31.8 Hz), 128.3, 127.5, 127.3, 126.7, 126.1 (q, J = 3.6
Hz), 123.4, 123.1, 113.8, 88.4, 55.5, 55.5, 53.5, 33.0 ppm.

(2R,3S) or (2S,3R)-2-(1-methyl-1H-imidazol-2-yl)-3,5-bis(4-
(trifluoromethyl)phenyl)-2,3-dihydrothiophen-3-ol (27c)

Brown oil. Yield 41%.

'H NMR (400 Hz, CDCls) 6: 7.76 (2H, d, J = 8.0 Hz), 7.72-7.65 (6H, m), 7.62
(2H, d, J=8.0 Hz), 7.07 (1H, s), 6.86 (1H, s), 6.33 (1H, s), 5.15 (1H, s), 3.47
(3H, s) ppm.

13C NMR (100 MHz, CDCls) &: 142.3, 139.9 (g, J = 266.0 Hz), 139.8 (q, J =
272.0 Hz), 137.9, 136.5, 131.0 (g, J = 32.0 Hz), 130.0 (g, J = 32.0 Hz), 129.6,
129.0, 127.4,127.0, 126.2, 125.6 (q, J = 3.7 Hz), 125.2 (g, J = 3.7 Hz), 121.6,
88.6, 52.4, 32.5 ppm.
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(2R,39) or (2S,3R)-2-(1H-benzo[d]imidazol-2-yl)-5-(4-methoxyphenyl)-3-
(4-(trifluoromethyl)phenyl)-2,3-dihydrothiophen-3-ol (27d)

Brown oil. Yield: 10%.

'H NMR (400 Hz, CDCls) 8: 7.62 - 7.60 (4H, m), 7.55 - 7.52 (2H, m), 7.49 -
7.44 (4H, m), 6.84 (2H, d, J = 8.0 Hz), 6.02 (1H, s), 5.46 (1H, s), 3.79 (3H, 5)
ppm.

(2R,39) or (2S,3R)-2-(1H-benzo[d]imidazol-2-yl)-3,5-bis(4-
(trifluoromethyl)phenyl)-2,3-dihydrothiophen-3-ol (27¢)

Brown oil. Yield: 50%.

'H NMR (400 Hz, CDCls) 6: 7.64 - 7.58 (8H, m), 7.54 - 7.25 (4H, m), 6.23
(1H, s), 5.47 (1H, s) ppm.
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CONCLUSIONS

1. 19 alkynones 7 were synthesized by Sonogashira-type reaction between
terminal acetylenes and chloroanhydrides with the aim to use them as a
starting material for investigation of cyclization reactions.

2. Simple one step procedure towards alkoxyarylmethyl group containing
isoxazole and chromone rings from 1,3-diarylalkynones was developed.
Optimal conditions for the synthesis of alkoxymethyl group containing
isoxazoles are (Z)-3-aryl-1-phenylprop-2-yn-1-one-O-methyl oxime with 1
equivalent of BFs*Et,O in acetonitrile at room temperature. Same reaction
conditions apply to the synthesis of chromones.

3. The importance of triple bond activation for successful cyclization reactions
was investigated. Thus, Isoxazoles were obtained in high yields from the
starting materials where triple bond is activated by electron-donating alkoxy
groups only. Reactions did not proceed when triple bond of the starting
material was not activated by electron-donating alkoxy groups. However,
chromones are obtained in high yields from the starting 1,3-diarylalkynones
having either EWG substituents or EDG substituents.

4. We have found that odorless, stable, and easily synthesized
carbamimidothioates can be used as building blocks for 2,3,5-trisubstituted
thiophenes via Fiesselmann type cyclization between alkynones and
carbamimidothioates.

5. It was found, that the introduction of electron deficient arenes in 3 position
and electron rich arenes in 5" position of the thiophene ring not only allowed
to achieve PLQY up to 83% for 2-(2-benzimidazoyl) thiophenes (25I) but also
enhances PLQY of the less emissive pyridine-containing thiophenes.
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SUMMARY / SANTRAUKA

IVADAS

1,3-Diarilalkinonai pirmg karta paminéti mokslinéje literatiroje 1982 m. Nuo
tada sukurta daugybé metody 1,3-diarilalkinonams sintetinti. Si junginiy klasé
yra naudojama kaip prekursoriai penkianariy ir SeSianariy heterocikliniy
junginiy (izoksazolai, tiofenai, chromonai, pirolai ir k.t.) sintezei. Yra Zinoma
daugybé savo fotofizikinémis savybémis vertingy ar biologiskai aktyviy
medziagy savo struktiiroje turinciy $iy heterocikly fragmentus.

Per pastaruosius deSimt mety miisy moksliné grupé intensyviai vysté C=C
trigubojo rySio chemija. Pavyzdziui, alifatiniy aminy prijungimo prie 2-(1-
alkinil)-2-alken-1-ony reakcijy tyrimai arba ,,Kabachnik—Fields” reakcijos
bidu 8§ acetileniniy aldehidy gauty 1H-pirol-2-il-fosfonaty ir 1,2-
dihidropiridin-2-il-fosfonaty tyrimai. Mes taip pat pastebéjome, kad
panaudojant acetalius ir Lewis‘o riigStis sugeneruoti oksokarbenio jonai
dalyvauja reakcijose su O ir N propargilintais junginiais. Tai mums leido
sukurti naujg funkcionalizuoty 4H-1,3-oksaziny, 4H-1,3-tiaziny, 4,5-
dihidroksitiazoly ir a-pakeisty enony sintezés metoda.

Taigi miisy moksliné grupé nusprend¢ detaliau iSstudijuoti oksokarbenio jony
pritaikomumg - iSbandéme juos reakcijose su 1,3-diarilalkinonais, turinciais
struktlriniy panasumy ] prie§ tai studijuotus propargil grupe turincius
junginius. Taip buvo sukurtas naujas, alkoksimetil grupes turin¢iy, izoksazoly
ir chromony sintezés metodas.

Taip pat i$ 1,3-diarilakinony susintetinome serijg 2,3,5-tripakeisty tiofeny ir
iStyréme jy fotofizikines savybes.

Pagrindinis  disertacijos tikslas — naujy sintezés keliy paieSka
funkcionalizuotiems heterocikliniams junginiams sintetinti panaudojant 1,3-
diarilalkinonus (1 pav.).

(0]

Aril)\

Aril
1 Paveikslas. Bendra 1,3-diarilalkinony struktiira.
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Tikslui jgyvendinti iskelti Sie uzdaviniai:
1. IStirti esama moksline literatiirg apie 1,3-diarilalkinony panaudojima
izoksazoly, tiofeny ir flavony sintezei.
2. Sukurti naujg sintezés metoda izoksazolams ir flavonams i$ 1,3-
diarilalkinony sintetinti.
3. Panaudojant 1,3-diarilalkinonus susintetinti serija 2,3,5-tripakeisty
tiofeny ir iStirti gauty junginiy fotofizikines savybes.

Santraukoje tyrimy rezultatai pateikiami trijuose skyriuose. Pirmajame
skyriuje aptariama  1,3-diarilalkinony sintezé. Antrajame skyriuje
nagrinéjamas 1,3-diarilalkinony pritaikymas alkoksimetil grupes turintiems
izoksazolams ir chromonams sintetinti. TreCiajame skyriuje glaustai
aptariamas 1,3-diarilalkinony pritaikymas 2,3,5-tripakeisty tiofeny sintezéje
bei iy tiofeny fotofizikiniy savybiy matavimai.

I§ gauty rezultaty buvo suformuluoti $ie ginamieji teiginiai:

1. (2)-3-aril-1-fenilprop-2-in-1-ony ~ O-metil  oksimai  veikiami
atitinkamais acetaliais ir BFs*Et,O acetonitrile virsta j alkoksimetil
grupes turincius izoksazolus.

2. 3-aril-1-(2-metoksifenil)-prop-2-in-1-onai  veikiami  atitinkamais
acetaliais ir BFs*EtO acetonitrile virsta j alkoksimetil grupes
turin¢ius chromonus.

3. Nustatyta, kad (Z)-3-aril-1-fenilprop-2-in-1-ony O-metil oksimai
neturintys elektrony donoriniy grupiy nedalyvauja elektrofilinéje
ciklizacijoje su oksokarbenio jonais. Taciau 3-aril-1-(2-metoksifenil)-
prop-2-in-1-onai lengvai virsta alkoksimetil grupes turinciais
chromonais esant tiek elektronus iStraukianCioms, tiek donorinéms
grupéms aromatiniame ziede greta trigubojo rysio.

4. Karbamimidotioatai gali buti panaudojami Fiesselmann’o tipo
reakcijoje 2,3,5-tripakeistiems tiofenams sintetinti. Tokiu btdu
susintetinta serija 2,3,5-tripakeisty tiofeny.

5. Mes taip pat atradome, kad dalis miisy sintetinty 2,3,5-tripakeisty
tiofeny pasizymi fotoliuminescencija. Detaliau tyrinéjant nustatyta,
kad tiofenai turintys 5,6-dichlor-2-benzimidazoil pakaitg 2-0je
padetyje ir elektronakceptoring grupe 3-ioje bei elektrondonoring
grupe 5-0je padétyse pasizymi auk$¢iausiomis kvantinémis iSeigomis.
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TYRIMUY REZULTATAI
1. 1,3-Dipakeisty alkinony sintezé

Panaudojant Sonogashira tipo reakcija i§ komerciSkai prieinamy ir i$
laboratorijoje pagaminty 4-pakeisty fenilacetileny bei aroilchloridy
susintetinti 1,3-diarilalkinonai. Sonogashira tipo reakcija buvo pasirinkta dél
jos operacinio paprastumo ir dideliy iSeigy esant plac¢iam pakaity spektrui.
Reikalingi fenilacetilenai 3a-b susintetinti i§ atitinkamy aldehidy. Pirma,
aldehidai kondensuoti su malono riigétimi — gautos cinamono ragstys la-b.
Sias ragstis veikiant bromu ir véliau eliminuojant, kartu vykstant
dekarboksilinimui, gauti s-bromstirenai 2a-b. Junginius 2a-b veikiant natrio
Sarmu metanolyje gauti fenilacetilenai 3a-b (1 schema, 1 lentelé).

1) Bry, HCCI
/©/§O HO OH AN OH) 2, 3 N
R 0 r 2) EtsN, DMF Br
N" °'N 1a-b 2a-b
H
NaOH =
N e O
B
R r MeOH R
2a-b 3a-b

1 Schema. Pakeisty fenilacetileny sintezés i§ aldehidy kelias.

1 Lentelé. Susintetinty fenilacetileny ir tarpiniy junginiy iSeigos.

Numeris R ISeiga, %
1 OMe la (79)
2 OMe 2a (85)
3 OMe 3a (60)
4 Cl 1b (92)
5 Cl 2b (73)
6 Cl 3b (80)

Aroil chloridai susintetinti atitinkamas karboksirtigStis veikiant tionilo
chlorido pertekliumi bei katalitiniu N,N-dimetilformamido kiekiu. Junginio 6
(4-(pentiloksi)benzoil chlorido) atveju sintezé pradéta nuo metil 4-
hidroksibenzoato. Sio junginio fenoliné OH grupé alkilinta pagal modifikuota
literatliroje aprasyta procediira su nPeBr acetone esant kalio bikarbonato.
Véliau atlikta junginio 4 esterinés grupés hidrolizé panaudojant natrio $armg
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izopropanolio ir vandens misinyje. Laisva karboksi riigstis 5 gauta j atvésinta
reakcijos misinj pridéjus konc. druskos rtigSties. Nufiltravus ir i§dziovinus
karboksi rugstis 5 buvo veikiama tionilo chlorido pertekliumi su katalitiniu
N,N-dimetilformamido kiekiu — tokiu biidu gautas junginys 6 (2 schema).

Q Q 1) NaOH o
O/ nPentBr O/ H,0, iPrOH
_— L OH
HO 2) HCI
CsHq40 y ) CaHi10
5
O 0
o4  SOCl ol
—>
CsHy4O DMF CsH410

5 6

2 Schema. Junginio 6 sintezé i$ metil 4-hidroksibenzoato.

Mes iSbandéme jvairias 1,3-dipakeisty alkinony sintezés metodikas: vario (I)
jodidu katalizuojama reakcija tarp aroilchloridy ir terminaliniy acetileny,
Sonogashira tipo reakcijg tarp aril jodidy ir terminaliniy acetileny kartu
iterpiant anglies monoksida (sugeneruota reaguojant skruzdziy riigsciai su
sieros riigstimi). Taciau pastebéjome, kad taikant Sonogashira tipo reakcija
tarp aroil chloridy ir terminaliniy acetileny, naudojant katalizatorius
PdCIz(PPhs), ir Cul trietilamine (3 schema, 2 lentelé), gaunamos geriausios
produkty iSeigos.

P 7
/
N g EtsN N S
N PACI,(PPh,) 2~
R1 2 3/2,

Cul
7

3 Schema. 1,3-Dipakeistyalkinony sintezés schema.

2 Lentelé. 1,3-Dipakeisty alkinony 7a-t sinteze.

Numeris | R? R? ISeiga, %
1 OMe H 7a (85)
2 OBu H 7b (88)
3 OPe H 7¢ (94)
4 OHeks H 7d (80)
5 H H 7e (98)
6 Cl H 7f (76)
7 OMe 0-OMe 79 (60)
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2 Lentelés tesinys. 1,3-Dipakeisty alkinony 7a-t sinteze.

Numeris | R? R? ISeiga, %
8 OBu 0-OMe 7h (80)
9 OHeks 0-OMe 7i (62)
10 F 0-OMe 7j (65)
11 OMe p-OMe 7k (78)
12 OMe p-CF3 71 (80)
13 CF3 p-OMe 7m (62)
14 CFs p-CFs 7n (60)
15 OPe p-OPe 70 (71)
16 Cl p-OMe 7p (57)
17 OMe p-Cl 7r (61)
18 OMe p-CN 75 (86)
19 OMe p-NO2 7t (83)

2. 1,3-Diarilalkinony reakcijos susidarant alkoksimetil pakaitus
turintiems izoksazolams ir chromonams

Zinoma, kad panaudojant jvairias pereinamyjy metaly druskas, kompleksinius
junginius arba elektrofilinius reagentus, tokius kaip ICl, alkinonuose galima
aktyvuoti C=C trigubajj rys] ir taip susintetinti jvairius izoksazolus bei
chromonus.

Pries kelerius metus miisy grupé pranesé apie elektrofiliniy oksokarbenio jony
generavimg 1§ acetaliy bei S§iy jony panaudojimag pakeisty alkiny
transformacijose (4 schema).

Y

Z
5egzod|g /KE/>—Z

4 Schema. Oksokarbenio jony panaudojimas funkciskai pakeisty alkiny
transformacijose.

R

{

Taigi, mes nusprendéme iStirti oksokarbenio jony dalyvavima galimose
ciklizacijos reakcijose su 1,3-diarilalkinonais bei 1,3-diarilalkinony O-metil
oksimais. I$ pradziy buvo susintetinti pradiniai junginiai alkinonams sintetinti
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bei patys alkinonai ir jy O-metil oksimai (reaguojant alkinonams su
metoksiamino hidrochloridu bei piridinu metanolyje, pridéjus NaSOs (5
Schema)). O-metil oksimy sintezés i$eigos buvo geros (3 lentelé). I[domu tai,
kad piriding pakeitus trietilaminu norimi produktai nesusidaré. Buvo stebimas
tik Michaelio prisijungimo prie trigubojo rySio produkto susidarymas.
Mokslingje literatiiroje taip pat esama duomeny, kad 1,3-diarilalkinonai
veikiami metoksiaminu be piridino dalyvauja 1,4-prijungimo reakcijoje.

(0] /O‘IN
Z O MeONH,*HClI y
Py, MeOH,
Na,SO4
R' 7 R' 8

5 Schema. (Z)-3-aril-1-fenilprop-2-in-1-ony O-metil oksimy sintezé.

3 Lentelé. Sintetinty O-metil oksimy 8 iSeigos.

Nr. Pradiné medziaga R’ Iseiga, %
1 7a OMe 8a (81)
2 7b OBu 8b (78)
3 7c OPe 8c (70)
4 7d OHeks 8d (66)
5 7e H 8e (78)
6 7f Cl 8f (73)

IS mokslinés literatiiros duomeny yra zinoma, kad oksokarbenio jonai gali biiti
generuojami acetalius veikiant jvairiomis pereinamyjy metaly druskomis arba
Lewis‘o rugsStimis. Optimaliy ciklizacijos reakcijos salygy paieskai mes
pasirinkome junginj 8a, kadangi $is junginys turi alkino ir metoksi imino
funkcines grupes bei metoksi grupe vieno i$ benzeno ziedy para padétyje.
Toks grupiy iSsidéstymas yra palankus ciklizacijos reakcijoms su elektrofilais
vykti. Be to, junginys 8a yra vienas i§ struktiriSkai paprasCiausiy, tai
palengvina produkty BMR spektry analize po ciklizacijos reakcijy. Mes
iSméginome keletg Lewis‘o riigs¢iy (BFs*Et,0, FeCls, AgSbFs, SbFs, BBrs3,
TMSOTT) skirtinguose tirpikliuose (MeCN, DCM, DCE, THF, MeNO,)
skirtingose temperatiirose ir radome, kad optimalios salygos izoksazoly 9
sintezei yra: 1 ekv. 8a su 1 ekv. BF3*Et;O acetonitrile kambario
temperattroje.

Taikant optimizuotas sglygas mes susintetinome jvairius alkoksimetil grupes
turin€ius izoksazolus i§ O-metil oksimy su aromatiniais acetaliais. Reakcijos
vidutingé trukmé ~15 min. Reakcijos miSinius apdirbus natrio bikarbonato
tirpalu geromis iSeigomis gauti izoksazolai (6 schema, 4 lentelé).
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6 Schema. Alkoksimetil grupes turin¢iy izoksazoly sintezé.

4 Lentelé. Susintetinti izoksazolai 9.

Nr. I_Drad'l ns Acetalis R’ ISeiga, %
junginys
1 8a OMe 9a (57)
2 8b O-nBu 9b (43)
3 8c @ O-nPn 9c (84)
4 8d o O-nHeks | 9d (58)
5 8e H N.R.
6 8f Cl N.R.
7 8a 5 OMe 9e (55)
8 8b ©Q O-nBu | 9f (59)
9 8d d O-nHeks | 9g (58)
10 8a P OMe 9h (79)
11 8b I O-nBu__ | 9i (48)
12 8c [ ) O-nPn | 9j (66)
13 ad O-nHeks | 9k (47)
14 8a o~ OMe 9l (58)
~
15 8d \O/@ ° O-nHeks | 9Im (59)
16 8a J OMe 9n (77)
17 8¢ )@i°A O-nPn | 90 (30)
18 8d Br O-nHeks | 9p (56)

Verta paminéti, kad alkinony O-metil oksimy ciklizacijos reakcijos |
alkoksimetil grupes turinCius izoksazolus gerai vyko tik su pradiniais
junginiais kuriy trigubasis C=C rySys yra aktyvuotas elektrony donorine
alkoksi grupe. Alkinony O-metil oksimai neturintys alkoksi grupés para
padétyje ciklizacijos reakcijose su oksokarbenio jonais nedalyvavo. Tokj
reaktinguma galima paaiskinti susidariusio vinil - karbokatijono rezonansiniu
stabilizavimu (7 schema). Sis karbokatijonas susidaro oksokarbenio jonui

prisijungus prie trigubojo rysio.
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7 Schema. Vinilinio karbokatijono rezonansinis stabilizavimas.

Mes manome, kad izoksazoly susidarymas yra keturiy stadijy procesas. Pirma
i§ acetalio, veikiamo BF3*Et,0O, susidaro oksokarbenio jonas. Sis jonas
reaguoja su elektronais praturtintu alkinu susidarant vinil - karbokatijonui.
Véliau Sis karbokatijonas 5-endo-dig ciklizacijos metu virsta izoksazolio
druska. Galiausiai paSalinant metil grupe susidaro izoksazolas 9 (8 schema).

PR BFyoEl,
Ar4< _— _\\
OR OR
®
/O\IN
N. _Ph D
/\Ph \8/ N \O/N\ o
A ) T e oR ™ Jx — 9
s Ar'
A Ar
8 TN\ Ar OR
@OR Ar

8 Schema. Galimas izoksazoly 9 susidarymo mechanizmas.

Mes taip pat iSbandéme 3-aril-1-(2-metoksifenil)prop-2-in-1-onus, turinius
metoksi grupe greta alkinono fragmento (2 pav.), paveikti oksokarbenio
jonais.

2 Paveikslas. Izosteriniai 3-aril-1-(2-metoksifenil)prop-2-in-1-onai ir (2)-3-
aril-1-fenilprop-2-in-1-ony O-metil oksimai.

3-Aril-1(2-metoksifenil)prop-2-in-1-onams reaguojant kambario

temperatiiroje su BF3*Et,O acetonitrile, vyksta 6-endo-dig ciklizacija
susidarant chromonio druskoms (9 schema).
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9 Schema. Chromonio drusky susidarymas 3-Aril-1(2-metoksifenil)prop-2-
in-1-ony 6-endo-dig ciklizacijos metu.

Galiausiai, paSalinus metilo grupe gaunami 2-aril-4H-chromen-4-onai 10,
turintys alkoksimetil grupe 3-ioje heterociklo pozicijoje (9 schema).

Idomu pastebéti, kad reakcijy iSeigos nepriklauso nuo to ar benzeno ziede Salia
trigubojo C=C rysio yra elektronus iStraukiantys ar donuojantys pakaitai.
Visais atvejais gaunamos geros 3-alkoksiarilalkil-2-aril-4H-chromen-4-ony
iSeigos (5 lentelé).

5 Lentelé. Susintetinti 3-alkoksiarilalkil-2-aril-4H-chromen-4-onai - 10.

Nr. | Pradinis junginys | Acetalis R’ ISeiga, %
1 79 OMe 10a (99)
2 7h ©i;o OBu 10b (88)
3 7i o OHex 10c (70)
4 7j F 10d (97)
5 79 Y OMe 10e (83)
6 7h CQ OBu 10f (79)
7 |7 d OHex 10g (80)

8 |79 @*o/ OMe 10h (76)
9 |79 /@)\o/\ OMe 10i (82)
Br

Apibendrinant, mes atradome, kad (Z)-3-aril-1-fenilprop-2-in-1-ony O-metil
oksimai 8a-f ir 3-aril-1-(2-metoksifenil)prop-2-in-1-onai 7g-j veikiami
oksokarbenio jonais (gautais i$ atitinkamy acetaliy ir BFs*Et,O acetonitrile)
ciklizuojasi j pakeistus izoksazolus 9a-p ir 3-alkoksiarilalkil-2-aril-4H-
chromen-4-onus 10a-i.
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3. 1,3-diarilalkinony panaudojimas 2,3,5-tripakeisty tiofeny sintezei
bei susintetinty tiofeny fotofizikiniy savybiy tyrimas

Mes nusprendéme iStirti 1,3-diarilalkinony pritaikomuma potencialiai
fluorescuojanciy pakeisty tiofeny sintezei. IS daugybés Zinomy sintezés
metody 2,3,5-tripakeistiems tiofenams pasirinkome Fiesselmann’o reakcija.
Kadangi Sios reakcijos pagalba galima lengvai gauti norimus tiofenus i§ 1,3-
diarilalkinony 7 veikiant juos metilmerkaptoacetatu arba pakeistais
metilentioliais (10 schema).

R4
10 Schema. Fiesselmann’o reakcija 2,3,5-tripakeistiems tiofenams sintetinti.

Atlike eksperimentus pastebéjome, kad keletas miisy sintetinty junginiy 14,
juos apsvietus UV spinduliais, $vyti regima Sviesa. Mes taip pat pastebéjome,
kad mokslinéje literatiiroje yra labai mazai duomeny apie monomeriniy
tiofeny fotofizikines savybes ar monomeriniy tiofeny struktiiros bei
fotofizikiniy savybiy sary$j. Radome tik vieng S$altinj kuriame minima
fenantroimidazolo ar benzimidazolo jvedimo | 2-g tiofeno Ziedo padétj
teigiama jtaka fotofizikinéms savybéms. Mokslinés literatiros apie
monomeriniy tiofeny fotofizikines savybes stygius bei viltis sukurti naujus,
efektyvius Sviestukus tiofeno pagrindu mus paskatino susintetinti bei detaliai
istirti  (kvanting iSeiga, absorbcijos bei emisijos maksimumus) 2,3,5-
tripakeisty tiofeny serijg.

Visy pirma mes susintetinome metil tiofen-2-karboksilatus 11 i§ alkinony 7 ir
metilmerkaptoacetato metanolyje, panaudodami DBU kaip katalizatoriy (11
schema, 6 lentelé).

11 Schema. Metil tiofen-2-karboksilaty 11 sintezé.
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6 Lentelé. Susintetinti metil tiofen-2-karboksilatai 11.
Nr. Pradinis junginys R R? I3eiga, %
1 7k OMe | OMe 11a (84)
2 P OMe | CI 11b (77)
3 Te H H 11c (78)
4 7a H OMe | 11d (84)
5 7s CN | OMe 11e (81)

Redukuojant metil tiofen-2-karboksilatus 11 su LiAlH4 absoliu¢iame eteryje
gauti junginiai 12 (12 schema, 7 lentelé).

R

Q0

\ L|AIH4
o ’ Ri

-0 1

Et20

R

Q0

RV
OH

12

12 Schema. Esterinés grupés redukcija panaudojant LiAlH4.

7 Lentelé. Susintetinti 3,5-dipakeisti tiofen-2-ilmetanoliai 12.
Nr. Pradinis junginys R R! ISeiga, %
1 1lla OMe | OMe | 12a(99)
2 11b OMe Cl 12b (68)
3 11c H H 12c (93)

Oksidavus junginius 12 su PCC dichlormetane gauti aldehidai 13 (13 schema,
8 lentelé). Pastebéjome, kad natrio sulfato pridéjimas j reakcijos misinius labai
palengvino filtravimg produkty iSskyrimo metu.

0

L o™

OH
12

DCM

Na2804

R

N
baWat
S

13

13 Schema. Junginio 12 oksidacija §velniomis salygomis
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8 Lentelé. Susintetinti 3,5-dipakeisti tiofen-2-karbaldehidai 13.

Nr. Pradinis junginys R R! ISeiga, %
1 12a OMe OMe | 13a(65)
2 12b OMe cl 13b (70)
3 12¢ H H 13c (62)

Panaudodami junginius 13 susintetinome serija chalkono tipo junginiy 14.
Sintezes atliktos etanolyje panaudojant katalitinj kiekj NaOH ir atitinkamus
acetofenonus (14 schema, 9 lentelé).

R

®

,\
\s
o)

R
x [
R
[ )=
NaOH, EtOH Ro X S !

(0]

W
3

14 Schema. Junginiy 14 sintezé.

1 14

9 Lentelé. Susintetinti (E)-3-(3,5-dipakeistitiofen-2-il)-1-pakeistiprop-2-en-

1-onai 14.
Nr. Pravd.lne R R! R? [Seiga, %

meziaga

1 13a OMe OMe 4-Cl-Ph 14a (84)
2 13a OMe OMe 3-Py 14b (98)
3 13c H H 4-CN-Ph 14c (87)
4 13a OMe OMe 4-MeO-Ph 14d (77)
5 13a OMe OMe 4-Br-Ph 14e (90)
6 13a OMe OMe 4-CN-Ph 14f (90)
7 13b OMe Cl 4-OMe-Ph 14g (78)
8 13b OMe Cl 3-Py 14h (58)
9 13b OMe Cl 4-Pe-Ph 14i (43)
10 13b OMe Cl 4-CN-Ph 14j (71)

ISmatave naujai susintetinty junginiy 14 (14 Schema) fotofizikines savybes
nustatéme, kad jy emisijos maksimumas yra 516 — 562 nm ruoze. ISmatuotos

kvantinés iSeigos kietame buvyje ir tirpale (acetonitrile) ganétinai mazos — 0,2
—14,9 % (10 lentele).
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10 Lentelé. Junginiy 14 fotofizikiniy matavimy duomenys.

QY, %
(kietame
bivyje)

Abs., | Em., | QY, %

. 1 2
Junginys | R R R nm | nm | (tirpale)

240,
262,
282,
360
254,
422
264,

14c H H 4-CN-Ph 408 516 | 0.2 6.9

240,
14d oMe | oMe | M€~ 1596 523 |04 2.9
Ph

410
240,
262,
14e OMe | OMe | 4-Br-Ph | 220|536 | 07 10.1
420
264,

14f OMe | OMe | 4-CN-Ph 430 562 | 1.8 4.6

235,
14g OMe | CI ;owle- 272, | 458 | 0.4 4.0

334
235,
14h OMe|cl |[3Py |267, |510 |02 28
408
240,
14i OMe | ClI |4-PePh | 273, | 460 |07 0.7
334
263,

14j OMe | CI 4-CN-Ph 414 529 | 0.5 2.5

1l4a OMe | OMe | 4-CI-Ph 537 |05 14.9

14b OMe | OMe | 3-Py 538 | 0.4 8.9

Kadangi pries tai sintetinty junginiy 14 kvantinés iSeigos buvo mazos, mes
nusprendéme kiek pakeisti junginiy strukttirg ir susintetinome serijg iminy 15
(15 schema, 11 lentelé). Deja junginiai 15 nepasizyméjo fluorescencinémis
savybémis.
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11 Lentelé.

13

15 Schema. Junginiy 15 sintezés schema.

Ry

-

THF, Nast4 QN\

Susintetinti iminai 15.

R3

NI, Pradinis | o RI | R? Tseiga, %
junginys

1 13b OMe |Cl_|Ph 15a (73)

7 13b OMe | CI | 4MeOPh | 15b (75)

3 13b OMe |CI | 4F-Ph 15¢ (76)

4 13b OMe |Cl | PhNH- 15d (75)

5 13b OMe |CI | 4Brph 15¢ (17)

Po nesékmingy bandymy sukurti efektyviai fluorescuojancias molekules,
panaudodami Wittig‘o reakcijg, mes susintetinome serijg (E)-3,5-dipakeisty
fenil-2-stiriltiofeny 16 (16 schema, 12 lentel¢). Sios molekulés yra
struktiiris$kai panasSios j 14 tik neturi C=0 fragmento.

R

®

,\
\s
0

1

/©/\PPh3Br
Rz
_—
)=

KOtBu, DCM
3

Rz

16 Schema. Stiriltiofeny 16 sintezé.

12 Lentelé. Susintetinti (E)-3,5-dipakeistifenil-2-stiriltiofenai 16.

N Pradinis | o RL | R? Ieiga, %
junginys

1 13b OMe cl | H 16a (65)

7 13b OMe Cl | 4-MeO-Ph 16b (69)

3 13b OMe Cl | 45-diMeO-Ph | 16¢ (59)

4 13b OMe cl|cCi 16d (72)

ISmatavus junginiy 16 fotofizikines savybes, pastebéjome, kad Siy junginiy
emisijos maksimumas yra mélyname bangy ruoZze, ties 428 — 467 nm, 0
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kvantinés iSeigos (angl. PLQY) yra zenkliai didesnés lyginant su junginiais 14
(3 pav., 13 lentelé).
R

ShSa
Rs 16

3 Paveikslas. Junginiy 16 ir 14 strukttriniai ypatumai

13 Lentelé. Junginiy 16 fotofizikiniy tyrimy rezultatai.

QY, %
Junginys | R R! | R? Abs., Em., Q.Y’ % (kietame
nm nm | (tirpale) | ;.
bivyje)
240,
16a OMe |CI |H 281, jig 2.7 7.4
366
241,
16b OMe | ClI | 4-MeO-Ph | 287, 459 | 12.7 20.5
381
. 238,
16¢ OMe | Cl ‘Fl,’hS'd'MEO' 284, | 467 | 127 4.7
382
239,
16d OMe | CI | CI 281, 453 | 2.1 19.6
367

Istirty chalkono tipo junginiy 14, iminy 15 bei stiriltiofeny 16 kvantinés
iSeigos néra pakankamai didelés, kad juos biity galima pritaikyti
optoelektronikoje. Taciau, remdamiesi gautais duomenimis mes nusprendéme
optimizuoti tiofeny stuktiirg taip, kad sukurtume geresnius fluoroforus.
Stengdamiesi prailginti konjuguoty pi dviguby rySiy sistemg susintetinome
pradinius junginius 19a-b turin¢ius alkinono fragmenta kaip ir junginiai 7.
Junginiams 19a-b sintetinti buvo panaudotas metil 3,5-difeniltiofen-2-
karboksilatas 11c. Junginys 11c veikiamas natrio Sarmu ir véliau druskos
ragstimi iki pH < 2 virto karboksi ragstimi 17. Karboksirtigstis 17 veikiama
tionilo chloridu ir katalitiniu kiekiu  N,N-dimetilformamido tapo
chloranhidridu 18 (17 schema).
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18
17 Schema. 3,5-Dfeniltiofen-2-karbonil chlorido 18 sintezé.

IS junginio 18 ir terminaliniy fenilacetileny, Sonogashira reakcijos budu, gauti
junginiai 19 (18 schema, 14 lentelé).

Cul; Et3N; Tol O O

R 19

18 Schema. Junginiy 19a-b sintezé.

14 Lentelé. Susintetinti 1-(3,5-difeniltiofen-2-il)-3-pakeistifenilprop-2-in-1-
onai 19.

Nr. R ISeiga, %
1 H 19a (80)
2 Cl 19b (32)

Panaudojant junginius 19a-b bei jvairius reagentus: hidroksilaming, piridin-
4-ilmetantiolj, hidrazing ir k.t. gauti pakeisti heterocikliniai junginiai
(izoksazolai, tiofenai, pirazinai ir k.t.) 20-23 (19 schema).
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22 (48%)

19 Schema. Pakeisty heterocikly sintezé i$ junginiy 19a-b.

ISmatave naujai

sintetintus mazamolekuinius junginius 14, 16 (15 lentelé).

susintetinty heterocikly 20-23 fotofizikines savybes
nustatémé, kad jie pasiZzymi mazesnémis kvantinémis iSeigomis uz pries tai

15 Lentelé. Junginiy 20-23 fotofizikiniy savybiy matavimy duomenys.

0,
. QY, % QY’ &
Junginys Abs., nm Em., nm . (kietame
(tirpale) _ .
buvyje)

20 262, 336 419 2.3 26.2

21 240, 264,312 | 474 2.1 1.6

22 258, 322 394 2.7 1.7

240, 266, 322,
23 364 466 4.3 1.69

Mes nusprendéme susintetinti serija maziau sudétingy molekuliy, kuriy
konjuguoty dvigubyjy rysiy sistema biitu plokscia, taip tikédamiesi pasiekti

didesnes kvantines iSeigas (4 pav.).
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4 Paveikslas. 2-(tiofen-2-il)-1H-benzo[d]imidazoly rezonansinés formos.

1,3-Diarilalkinonus veikiant 1H-benzimidazo-2-metantioliu 24a ir baze -DBU
gaunami Fiesselmann’o ciklizacijos produktai — 2-(3,5-diariltiofen-2-il)-1H-
benzo[d]imidazolai. Mes iSbandéme ciklizuoti 1,3-bis(4-metoksifenil)prop-2-
in-1-ong 7k su 1 ekviv. 24a virinant etanolyje su DBU ir taip gavome tikslinj
junginj 25a, tadiau iSeiga sieké tik 19 %. Naudojant didelj pertekiy tiolio 24a
(6 ekviv.) produkto iSeiga pavyko padidinti iki 51%. Didelis perteklius tiolio
apsunkino produkto 25a isskyrima is reakcijos misinio. Tirpiklio pakeitimas j
DMF arba THF praktiskai neturéjo jtakos produkto iSeigai. Mes likome
maloniai nustebinti kai pakeitus DBU j NaOH ar KOH gavome praktiskai
kiekybing produkto 25a iSeigg (20 schema, 16 lentelé).

(0]
W
// ©EN> salygos
\ 3
* N SH
H
= 7l 24a

20 Schema. Optimaliy salygy paieska junginiui 25a sintetinti.

16 Lentelé. Fiesselmann‘o reakcijos junginiui 25a optimizavimas.

Nr. | Ekv. 7k | Ekv. 24a | Bazé, ekv. | tirpiklis | Temp. | ISeiga, %
1 |1 15 DBU, 1 EtOH | vir. 19
2 |1 3 DBU, 1 EtOH | vir. 37
3 |1 6 DBU, 1 EtOH | vir. 51
4 |1 15 DBU, 1 THF vir. 63
5 |1 15 DBU, 1 DMF vir. 54
6 |1 15 NaOH, 1 | EtOH | vir. 92

Dazniausiai Fiesselmann‘o ciklizacijos reakcijoje naudojami tioliai. Sios
medZziagos lengvai oksiduojasi susidarant disulfidams ir pasizymi labai stipriu
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kvapu bei yra toksiskos. Mums pavyko tiolius pakeisti karbamimidotioatais
24c-e (5 pav.).
NH

R/\SJ\NHZ*HCI

5 Paveikslas. Bendra karbamimidotioaty struktira.

Karbamimidotioatai yra stabilios, nelakios, praktiskai bekvapés, kristalinés
medziagos, lengvai sintetinamos i$ tiouréjos. Susinteting serijg junginiy 25 (21
schema, 17 lentel¢) pastebéjome, kad karbamimidotioatai su alkinonais 7
reaguoja panasiai kaip tioliai — gautos panaSios iSeigos. Geresnés iSeigos
gautos naudojant alkinonus su elektrony donorinémis gupémis nei su

akceptorinémis.
R2

v

EtOH, reflux R— |

s
25

R4

3 eq. NaOH

21 Schema. 2,3,5-tripakeisty tiofeny 25 sintezé.

17 Lentelé. Fiesselmann’o tipo reakcija tarp alkinony 7 ir tioliy 24a-b ar
karbamimidotioaty 24c-e.

Nr, | Fradinis g, R! RCH.SX | Iseiga, %
junginys

1 7e H H 25 (62)

2 7K OMe | OMe 25b (92)

3 7l CFs OMe |BzI-2- 25 (42); 272
CHSH (10)

4 7m OMe CFs ) 4a2 25d (64)

25¢ (4d); 27
F F

) n CF3 CF3 (50)

6 70 OPe OPe 25f (72)

7 7e H H 2.(5-Cl- | 25 (55)

8 7k OMe |OMe | BZI)- 25h (58)
CH.SH .

9 7l CFs oMe | 25i (64)
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17 Lentelés tesinys. Fiesselmann’o tipo reakcija tarp alkinony 7 ir tioliy 24a-
b ar karbamimidotioaty 24c-e.

N, | radinis ) o, R! RCH,SX Keiga, %
junginys
10 Te H H 2-(5,6-diCl- 25j (60)
11 7k oM oM BZI)- 25k (74
e | CHusC(NHa).cl | 22K (74)
12 71 CFs OMe |24 251 (62)
13 7e H H 25m (67)
14 7K OMe |OMe | 4-Py- 25n (89)
15 71 CF; OMe | CH.SC(NH.):Cl | 250 (51)
16 7m OMe | CFs 24d 25p (67)
17 7n CF; CFs 25r (50)
2-(1-Me-IMD)-
18 7k OMe | OMe | CH,SC(NH,):Cl | 25s (30)
24e

Tam tikrais atvejais mums pavyko iSskirti tarpinius ciklizacijos reakcijos
produktus 27a-f dihidrotiofen-3-olius. Net ilgai kaitinant reakcijos miSinius
27a-c stebimi kaip pagrindiniai produktai (18 lentel¢). Junginius 27 galima
lengvai aromatizuoti ] atitinkamus 25 pasildant su riigstimi arba ilgai laikant
DMSO tirpale (22 schema).

22 Schema. Dihidrotiofen-3-oliy 27 aromatizavimas iki tiofeny 25.
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18 Lentelé. 1zoliuoti dihidrotiofen-3-oliai 27.

nr, | Pradinis e TR | ReHsX Produktas
junginys (Iseiga, %)

T CF; | OMe 27a (38)

2 | 7m OMe | CF éﬁzs'\é‘zl\mi)u 27b (44)

3 | 7n CF: |CRs |, 27¢ (41)

4 |7e H H 27d (10)

5 |7l CF: | OMe | BZI2-CH:SH | 27e (50)

6 | 7n CF: | CF; | 24a 27f (50)

Mes iStyréme susintetinty junginiy 25 fotofizikines savybes, kur R = 2-BZI,
2-(5-CI-BZzl), 2-(5-CI-BZI) (19 lentelé).

19 Lentelé. 2,3,5-Tripakeisty tiofeny 25 fotofizikiniy savybiy tyrimai.

Em., Em., Qy,
0,

Nr. | R? R! R ':‘:]S nm. nm. (Qti\r(,)/o %

tirp. | kiet. | P | (kiet)

237,
25a | H H 2-BZI | 266, | 433 456 | 38.9 8.5
347

235,
25b | OMe | OMe | 2-BZI | 278, | 445 467 | 28.0 17.0
356

234,
25¢c | CF3 OMe | 2-BZI | 274, | 454 459 | 775 22.0
358

238,
25d | OMe | CFks 2-BZI | 280, | 444 457 | 28.6 4.5
354

238,
25e | CFs CF3 2-BZI | 272, | 442 512 | 53.5 2.1
352

234,
25f | OPe | OPe |2-BzI | 280, |441 |464 |338 1.8
356
2-(5- | 235,
259 | H H Cl- | 266, 435 |459 |450 175
BZl) | 350
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19 Lentelés tesinys. 2,3,5-Tripakeisty tiofeny 25 fotofizikiniy savybiy
tyrimai.

Em., Em., QY,
Nr. | R? R! R /:‘rzs nm. nm. gJIS)% %
tirp. | Kiet. ' (kiet.)
2-(5- | 234,
25h | OMe | OMe | CI- 280, | 445 463 | 42.5 11.6
BzI) | 360
2-(5- | 235,
251 | CF3 OMe | CI- 274, | 460 467 | 77.4 30.6
BzZI) | 360
2-(5,6- | 232,
25 | H H diCl- 268, | 434 475 | 63.1 52.2
Bzl) | 355
2-(5,6- | 234,
25k | OMe | OMe | diCl- 280, | 467 465 | 34.6 15.1
BzI) | 368
2-(5,6- | 236,
251 | CFs OMe | diCl- 275, | 462 478 | 82.6 30.9
BzZl) | 365
265,
25m | H H 4-Py 399 416 414 | 2.1 2.0
252,
25n | OMe | OMe | 4-Py 280, | 440 538 | 4.0 0.9
340
236,
250 | CF3 OMe | 4-Py 270, | 460 550 | 33.9 11.9
340
242, 436
25p | OMe | CFs 4-Py 284, | 436 "11.9 8.4
525
332
240,
25r | CFs CF; 4-Py 268, | 406 446 | 2.0 6.1
326
2-(1- | 236,
25t | OMe | OMe | Me- 272, | 420 NA |14 NA
IMD) | 318

136



Atlike serija matavimy mes nustatéme, kad kai R1 ir R2 yra elektrony
donorinés grupés yra stebimas kvantinés iSeigos padidéjimas kietame biivyje
ir sumazéjimas acetonitrilo tirpale, lyginant su junginiu 25a kur R1=R2= H.
Kai R1=R2= OPe fotoliuminescencijos kvantinés iSeigos, tiek tirpale, tick
kietame buivyje yra panasios j junginio neturin¢io alkoksi grupiy 25a. Kai R1
ir R2 yra elektronus istraukianCios grupés — stebimas kvantiniy iSeigy
sumazéjimas kietame buvyje ir padidéjimas tirpale. Ta¢iau kai R1 — elektrony
donoriné grupé¢, o R2 — elektrony akceptoriné grupé - yra stebimas kvantinés
iSeigos padidéjimas tirpale ir kietame buvyje 25¢ (R1 = OMe, R2 = CF3)
lyginant su 25a (R1=R2= H). R1 ir R2 grupiy apkeitimas vietomis Zenkliai
sumazina kvanitnes iSeigas tirpale ir kietame buvyje 25d (19 lentelé).

Mes taip pat iStyréme pakaity, esanciy prie benzimidazolo, svarba. Nustatéme,
kad C1 grupés jvedimas j 5-g 25¢ ar j 5-g ir 6-3 25 benzimidazolo heterociklo
padétj padidino kvanting iSeiga lyginant su 25a (19 lentel¢). Auks¢iausia
kvantiné iSeiga tirpale ir kietame biivyje stebima junginyje 25l, turiniame
labiausiai elektrony deficitinj benzimidazolo pakaitg ir grupes R1=CF3,
R2=0Me (19 lentel¢).

Mes taip pat nustatéme, kad pakeitus benzimidazola esantj 2-oje tiofeno
padétyje | piriding 25m-25r arba j N-metilimidazolg 25t — stebimas zenklus
kvantinés iSeigos sumazéjimas.

Galima daryti i§vada, kad j tiofeno ziedo 2-g padétj jvedus 5,6-dichloro-2-
benzimidazoil pakaita, o | 3-ig elektrony akceptorinj bej | 5-3 elektrony
donorinj pakaitus, turincius benzeno karbociklus, gaunami didziausias
kvantines i$eigas turintys 2,3,5-tripakeisti tiofenai.

Tiofenai, 2-oje padétyje turintys 2-benzimidazoil pakaitg (nepakeistg, 5-Cl,
5,6-diCl) kietame baivyje turi tris charakteringas absorbcijos linijas: 232-238,
266-280, 347-368 nm. Tirty tiofeny emisijos acetonitrile buvo stebimos 433-
467 nm ruoze.

Lyginant tiofenus 25j ir 25k tampa akivaizdu, kad jvedus elektrony donorine
grupe | 5-3 tiofeno Ziedo pozicijg jvyksta batochrominis emisijos piko
poslinkis (i$ 434 ] 467 nm). Taip pat matomi antros ir tre¢ios absorbcijos linijy
batochrominiai poslinkiai (i§ 268 | 280 nm ir i$ 355 | 368 nm).
Batochrominiai poslinkiai taip pat stebimi tiofenuose 2-oje padetyje
turin¢iuose 4-piridil pakaitg ir elektron donorine grupe 3-ioje ar 5-0je arba 3-
ioje ir 5-oje padétyse.

Visi miisy tirti tiofenai 25 acetonitrilo tirpaluose pasizyméjo pla¢iu emisijos
piku be jokiy isskirtiniy réziy (19 lentel¢). Remiantis literatiira yra Zzinoma,
kad plattis emisijos pikai yra biidingi junginiams kuriuose pasireiskia ,,pasukto
intramolekulinio kriivio perdavimo fenomenas“ (angl. TICT phenomenon).
Tam, kad i$siaiskinti ar dél Sio fenomeno musy tirtos molekulés emituoja
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Sviesa, mes nusprendéme atlikti papildomus tyrimus. Tyrimams pasirinkome
tiofeng 250, kadangi jis pasizymi geru tirpumu organiniuose tirpikliuose ir gan
dideliu emituojamos $viesos intensyvumu (kvanting iSeiga - 33,9 %).

Mes nustatéme, kad emisijos maksimumas dioksane yra 440 nm, o DMSO
468 nm (6 pav.).

______ dioxane

........ chloroform

—. = - —. acetone
acetonitrile

DMSO

n
=y

counts/10°

>

400 450

500 550 600

Wavelength / nm

6 Paveikslas. Emisijos intensyvumo priklausomybé nuo tirpiklio poliskumo.

Taip pat iSmatavome emisijos intensyvuma jvairiuose etanolio/glicerolio
tirpaluose (7 pav.). Koreliacija tarp tirpiklio klampos ir emisijos intensyvumo
bei batochrominis emisijos maksimumo poslinkis didéjant tirpiklio
poliskumui patvirtina TICT fenomeno buvima.

- - = = = = 10% glycerine
0 % glycerine

10.0 \ —. = - = . 30% giycerine
e e e e 20% ghveerine

counts/10"

400 450

500 wavelength /om0 600 650

7 Paveikslas. Emisijos intensyvumo priklausomybé nuo tirpalo klampos.
Mes iSmatavome junginio 250 emisijos intensyvumag tirpiklyje be deguonies

(iSstumtas leidziant azotg) ir esant oro. Emisijos intensyvumas abiem atvejais
buvo panaSus (8 pav.). I§ Sio eksperimento akivaizdu, kad tripletiniai biiviai
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emisijoje nedalyvauja, nes jie buty slopinami ore esancio deguonies

ir
emisijos intensyvumas skirtysi degazuotame ir nedegazuotame tirpaluose.

air

nitrogen

1

counts/10

400 450

500 550 600 650
‘Wavelength / nm

8 Paveikslas. Emisijos intensyvumas ore ir beoréje aplinkoje.

Mes taip pat iSmatavome emisijos intensyvuma esant skirtingai temperatiirai

(nuo 293K iki 233K) (9 pav.) ir pastebéjome emisijos intensyvumo didéjimg
mazéjant temperatiirai.

7 \ - == 2K
. L 253K
a5 / \ ------ MK
T . 203K
20 / \
= ; ~-
3 ==
2 / , ~ \
g ’ N o
Eli ; N ",
Iy =X

Wavelength / nm

9 Paveikslas. Emisijos intensyvumo priklausomybé nuo temperatiiros.

Sie du eksperimentai jrodo termiskai aktyvuotos uzdelstos fluorescencijos

(angl. TADF) nebuvimg ir tai, jog miisy tirti tiofenai emituoja Sviesg del
singletiniy buviy.
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ISVADOS

IS terminaliniy acetileny bei aroilchloridy, panaudojant Sonogashira
tipo reakcija, susintetinta 19 alkinony 7. Sie alkinonai véliau naudoti
kaip pradinés medziagos tiriant jy ciklizacijos reakcijas.

Sukiiréme paprastg, vieno zingsnio metodika alkoksimetil grupes
turin€iy izoksazoly bei chromony sintezei. Optimalios reakcijos
salygos: (Z)-3-aril-1-fenilprop-2-in-1-ono-O-metil oksimas su 1 ekv.
BF3*Et,0 acetonitrile kambario temp. Tokios pat reakcijos salygos
taikytos ir chromonams sintetinti.

Nustatyta, kad alkoksimetil grupes turintys izoksazolai gaunami tik i$
oksimy, kuriuose trigubas C=C rySys aktyvuotas benzeno Zziede
esancios elektrony donorinés alkoksi grupés. Taciau, chromonai
lengvai sintetinami i§ 1,3-diarilalkinony turiniy tiek elektrony
donorinius, tiek elektrony akceptorinius pakaitus.

Atradome, kad lengvai sintetinami karbamimidotioatai gali pilnai
pakeisti tiolius Fiesselmann‘o reakcijoje sintetinant 2,3,5-tripakeistus
tiofenus.

Nustatéme, kad elektron akceptorinius pakaitus turiniy areny
jvedimas | 3-ig tiofeno ziedo padétj bei elektron donorinius pakaitus
turin¢iy areny jvedimas ] tiofeno ziedo 5-3 padét] ne tik leidZia
pasiekti aukstas kvantines iSeigas 2-(2-benzimidazoil) tiofenuose
(251) bet ir padidina 2-(4-piridil) tiofeny kvantines iSeigas.
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Abstract An oxocarbenium ion mediated cyclization of (2)-1,3-diaryl-
prop-2-yn-1-one O-methyloximes and 3-arylprop-2-yn-1-(2-methoxy-
phenyl)-1-ones resulted in regioselective formation of functionalized
isoxazoles and chromones, respectively. Alkoxy(aryl)methyl group con-
taining compounds were obtained in good and high yields.

Key words isoxazoles, chromones, electrophile-mediated cyclization,
oxocarbenium ion

Isoxazoles and chromones are valuable heterocycles in
pharmaceutical and material chemistry. Thus, the isoxazole
ring presenting in some bioactive natural products (cy-
closerine,! muscimol,? ibotenic acid®) and in a large variety
of pharmaceuticals, such as parecoxib,* leflunomide,’ iso-
carboxazide,® risperidone,” and B-lactamase-resistant anti-
biotics oxacillin, cloxacillin, flucloxacillin, and dicloxacillin.®
Moreover, the flat structure of the ring as well as the pres-
ence of two heteroatoms with external electron pairs en-
dow usefulness of isoxazoles in material sciences and as co-
ordinating ligands in transition-metal complexes.” Addi-
tionally, isoxazole rings demonstrate the power of masked
1,3-dicarbonyl equivalents, so these compounds are consid-
ered as useful synthetic intermediates in organic chemistry
and total synthesis.'?

Chromone and flavone backbones are mainly found in
natural products derived from cereals and herbs.'' These
compounds show rich antioxidant, anti-inflammatory, an-
timicrobial, and anticancer properties.'?

A wide variation of classical and modern synthetic
methods of isoxazoles and chromones are published in the
scientific literature. The main preparative approaches to
the isoxazole ring are [3+2] cycloadditions between nitrile
oxides and alkynes or benzene equivalents, cycloisomeriza-

~Ony [}
| ArVORZ
Z O L
O -
Ar
EDG EDd 18 examples
30-84%
Ar
o 2
[ArVOR R20 2
=
PEE S
s °
R’ ‘ 9 examples
76-99%

tions, and condensation reactions between B-dicarbonyls
and hydroxylamine."* Traditionally, chromones can be syn-
thesized using the Baker-Venkataraman reaction,'t
Claisen-Schmidt condensation,'® Pd-carbonylative
Sonogashira reaction,'® and some others.

A decade ago, Larock et al. reported on the halogen- or
chalcogen-mediated synthesis of isoxazoles and chromones
by methods of electrophile-mediated cyclizations.'” These
types of reactions have their scope and benefits in organic
synthesis, because the methods do not require transition-
metal catalysis and the final products contain functional
groups (usually halogen or chalcogen) suitable for further
functionalizations.'®

It is also known, that acetals can be used as sources of
electrophilic oxocarbenium ions for the introduction of
alkoxy(aryl)methyl groups into the structures of final com-
pounds. Transition-metal salts usually are used as Lewis
acids for the activation of acetals and alkyne functional-
ities.!” Very recently, our group has reported about the
metal-free generation of electrophilic oxocarbenium ions
and its use in transformations of functionally substituted
alkynes.?® Herein we demonstrate the simple and powerful
installation of alkoxy(aryl)methyl groups into isoxazole and
chromone rings via one-step procedure.

The starting materials (Z)-3-aryl-1-phenylprop-2-yn-1-
one O-methyloximes 1'72 and 3-aryl-1-(2-methoxyphe-
nyl)prop-2-yn-1-ones 7'7¢21 were prepared by known
methods including as the key step a Pd-catalyzed coupling
of arylacetylenes with the corresponding acyl chlorides.

For the synthesis of isoxazole derivatives we utilized the
reaction between (Z)-3-aryl-1-phenylprop-2-yn-1-one O-
methyloximes 1 and cyclic and acyclic aromatic acetals. As
it is known from the literature, acetals can be activated by
different Lewis acids for the reactions with carbon nucleop-
hiles.?? First of all, we tested several Lewis acids, such as
BF;.Et,0, FeCl;, AgSbF;, SbFs, BBr;, and TMSOTY, different

© Georg Thieme Verlag Stuttgart - New York — Synthesis 2017, 49, 1122-1130
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solvents (CH,Cl,, DCE, MeCN, THF, and MeNO,), and differ-
ent reaction temperatures. After this brief search for the
most suitable reaction conditions, we came to the conclu-
sion that 1 equivalent of BF;-Et;0 in acetonitrile at room
temperature gave the best results. The oxocarbenium ion
triggered cyclization occurred very smoothly and full con-
version of the starting materials was reached in 10-15 min-
utes. After the work-up of the reaction mixture, the final
compounds 2-6 were isolated in moderate or good yields

Table 1 Synthesis of 4-[Alkoxy(aryl)methyl]-5-aryl-3-phenylisoxazoles 2-6*

(Table 1). It is noteworthy that the reactions proceeded suc-
cessfully only in the case of strong activation of the triple
bond by electron-donating alkoxy groups (Table 1, entries
1-4, 7-18). This fact can be explained by resonance stabili-
zation of the vinylic carbocation forming after addition of
oxocarbenium ion to the triple bond. Unsubstituted phenyl
or chloro-substituted phenyl ring containing starting mate-
rials 1e,f remained unreactive towards the reaction condi-
tions (Table 1, entries 5 and 6).

R! 1
Entry Starting material Acetal R? Product Yield (%)
/O\N
| o
Z
sl -
Ri
1 1a,R' = OMe 2a,R' = OMe 57
2 1b,R' = OBu 2b, R' = OBu 43
3 1¢, R' = O(CH,),Me 2¢, R' = O(CH,),Me 84
4 1d, R' = O(CH,);Me 2d, R = O(CH,)sMe 58
5 1e,R'=H no reaction =
6 MR =dl no reaction -
~N
©:\<o 07
=
o
Ve
R‘
7 1a 3a,R' = OMe 55
8 1b 3b,R' = 0Bu 59
9 1d 3d, R' = O(CH,)sMe 58
o O-N\
©)\O/ =
R‘

10 1a 4a,R' = OMe 79
11 1b 4b, R" = OBu 48
12 1c 4c, R' = O(CH,),Me 66
13 1d 4d, R = O(CH,);Me 47

© Georg Thieme Verlag Stuttgart - New York — Synthesis 2017, 49, 1122-1130
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Table 1 (continued)

Entry Starting material Acetal R? Product Yield (%)
o
o
14 1a 5a,R' = OMe 58
15 1d 5d, R' = O(CH,);Me 59
Br
16 1a 6a, R' = OMe 77
17 1c 6¢, R' = O(CH,),Me 30
18 1d 6d, R' = O(CH,);Me 56

@ Reaction conditions: (i) acetal (1.1 equiv), BF;-OEt, (1 equiv), MeCN, rt.

The corresponding 3-aryl-1-(2-methoxyphenyl)prop-2-
yn-1-ones 7 having a methoxy group in close proximity to
the triple bond are able to undergo a regioselective and
smooth 6-endo-dig cyclization process. Thus, 2-aryl-4H-
chromen-4-ones 8-11 with alkoxy(aryl)methyl groups in
the 3-position can be synthesized (Table 2). All chromen-
ones were isolated in high yields and the outcome of reac-
tions did not depend on the presence or absence of strong
electron-donating groups on the aryl ring next to the triple
bond (Table 2).

We propose the following mechanism for the cycliza-
tion reactions. First, the formation of oxocarbenium ions via
boron trifluoride mediated cleavage of the C-0 bond of the
starting acetals occurs. Next, the trapping of an electrophile
by electron-rich alkynes takes place, resulting in the forma-
tion of vinylic carbocations I and II. The subsequent 5-endo-
dig or 6-endo-dig cyclizations lead to isoxazolium and chro-
monium salts I and IV. Finally, smooth removal of the
methyl group generates isoxazoles 2-6 and chromones 8-
11 (Scheme 1).

In conclusion, our method enables the synthesis of po-
tentially bioactive 4-[alkoxy(aryl)methyl]-substituted isox-
azoles and 3-[alkoxy(aryl)methyl]-substituted chromen-4-
ones in good yields from easily obtainable starting materi-
als. This reaction involves the in situ generation of an elec-
trophilic oxocarbenium ion and cationic cyclization mecha-
nism. Having in mind that isoxazoles and chromen-4-ones
are important motifs in medicinal and synthetic organic

chemistry and alkoxy(aryl)methyl groups can be further
structurally modified, the developed method can find its
synthetic application.

OR
BF3-OEt,
a0
OR @OR

Oy

|
Ny __Ph N
/\Ph , 8 N TS —en
Y ® OR *brz = - 26
A
1 A"
1 AR Arl OR

Ar?
R i m A

Arl

—=0R Arl

=0 Y

L o

e ™ a7
Ar? o e

7 n

Scheme 1 Possible mechanism of oxocarbenium ion mediated cycliza-
tions

IR spectra were run on samples prepared as KBr discs on a Perkin-
Elmer FT spectrophotometer Spectrum BX II. 'H and '*C NMR spectra
were recorded with a Bruker (400 MHz) in CDCl;, using residual sol-
vent signal as internal standard. HRMS spectra were obtained on a
mass spectrometer Dual-ESI Q-TOF 6520 (Agilent Technologies). All
reactions and the purity of the synthesized compounds monitored by

© Georg Thieme Verlag Stuttgart - New York — Synthesis 2017, 49, 1122-1130



1125

Synthesis M. Jonusis et al.

Table 2 Synthesis of 3-[Alkoxy(aryl)methyl]-2-aryl-4H-chromen-4-ones 8-11*

o R20
/ i
7 —-H‘ O U
() 9 °
‘ \
7 81

Ar
o

R 1
Entry Starting material Acetal R? Product Yield (%)
o
o
“ 0
(J s
A |
1 7a,R' = OMe 8a,R' = OMe 99
2 7b,R' = OBu 8b, R" = OBu 88
3 7¢,R' = O(CH,);Me 8¢, R' = O(CH,);Me 70
4 7d.R'=F 8d,R'=F 97
oy
7a 9a,R' = OMe 83
6 7b 9b, R" = OBu 79
7 7c 9¢, R' = O(CH,)sMe 80
8 7a 76
9 7a 82

 Reaction conditions: (i) acetal (1.1 equiv), BF;-OEt; (1 equiv), MeCN, rt.

TLC using Silica Gel 60 F254 aluminum plates (Merck). Visualization
was accomplished by UV light and by treating the plates with vanillin
stain followed by heating.

Starting (Z)-3-aryl-1-phenylprop-2-yn-1-one O-methyloximes 1'72?
and 3-aryl-1-(2-methoxyphenyl)prop-2-yn-1-ones 7'7¢?! were pre-
pared by methods reported in the literature.

Isoxazoles 2-6 and 4H-Chromen-4-ones 8-11; General Procedure

To the solution of (Z)-1-phenyl-3-arylprop-2-yn-1-one O-methylox-
ime 1a-f (0.4 mmol) or 3-(2-methoxyphenyl)-1-arylprop-2-yn-1-one
7a-d (0.4 mmol) and acetal (0.44 mmol) in anhyd MeCN (2 mL),
BF;-Et,0 (56.8 mg, 49.4 pL, 0.4 mmol) was added with stirring at rt.
After TLC monitoring indicated the full conversion of the starting ma-
terial (approx. 10 min), the mixture was quenched by the addition of
aq NaHCO;. The mixture was extracted with EtOAc (3 x 10 mL), the

© Georg Thieme Verlag Stuttgart - New York — Synthesis 2017, 49, 1122-1130
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combined organic layers were dried (anhyd Na,S0,), and the solvent
was evaporated to give a yellowish solid or oil. The product was puri-
fied by column chromatography (PE/EtOAc gradient from 20:1 to 4:1).

4-(Isochroman-1-yl)-5-(4-methoxyphenyl)-3-phenylisoxazole (2a)
Yellow plates; yield: 87 mg (57%); mp 144-146 °C.

'H NMR (400 MHz, CDCl,): 6 = 7.77-7.68 (m, 2 H, ArH), 7.63-7.54 (m,
2 H, ArH), 7.36-7.26 (m, 3 H, ArH), 7.03-6.96 (m, 2 H, ArH), 6.95-6.92
(m, 2 H, ArH), 6.91-6.82 (m, 1 H, ArH), 6.68 (m, 1 H, ArH), 5.94 (s, 1 H,
OCH), 4.40-4.36 (m, 1 H, OCH,), 3.98-3.92 (td, } = 11.7 Hz, 2] = 3.2 Hz,
1 H, OCH,), 3.82 (s, 3 H, OCH3), 3.17-3.11 (m, 1 H, ArCH,), 2.69-2.65
(m, 1H, ArCH,).

13C NMR (100 MHz, CDCly): & = 169.5 (ArC), 164.2 (ArC), 161.1 (ArC),
135.8 (ArC), 133.7 (ArC), 129.6 (ArC), 129.4 (ArC), 129.2 (ArC), 128.9
(ArC), 128.5 (ArC), 128.0 (ArC), 126.8 (ArC), 126.1 (ArC), 125.4 (ArC),
120.3 (ArC), 114.1 (ArC), 113.2 (ArC), 71.2 (CH), 65.8 (OCH,), 55.4
(OCH,), 28.6 (ArCH,).

HRMS (ESI): mfz [M + H] caled for C,5H,,NO;: 384.1600; found:
384.1597.

5-(4-Butoxyphenyl)-4-(isochroman-1-yl)-3-phenylisoxazole (2b)
Colorless oil; yield: 73 mg (43%).

'H NMR (400 MHz, CDCl,): & = 7.71 (d.J = 8.9 Hz, 2 H, ArH), 7.58 (dd,
J=75,2.0Hz, 2 H, ArH), 7.35-7.27 (m, 3 H, ArH), 7.02-6.96 (m, 2 H,
ArH), 6.93 (d, ] = 8.9 Hz, 2 H, ArH), 6.90-6.85 (m, 1 H, ArH), 6.69 (d , J =
7.7 Hz, 1 H, ArH), 5.94 (s, 1 H, OCH), 4.38 (ddd, J = 10.4, 6.1, 1.0 Hz, 1
H, OCH,), 3.99 (t, ] = 6.5 Hz, 2 H, OCH,C5H,), 3.95 (td. J = 11.6,3.0 Hz, 1
H, OCH,), 3.19-3.11 (m, 1 H, ArCH,), 2.68 (d, 3 = 15.1 Hz, 1 H, ArCH,),
1.82-175 (m, 2 H, OCH,CH,CH,CH;), 157-146 (m, 2 H,
OCH,CH,CH,CH,), 0.99 (t, ] = 7.4 Hz, 3 H, OCH,CH,CH,CH;).

13C NMR (100 MHz, CDCl3): & = 169.6 (ArC), 164.2 (ArC), 160.7 (ArC),
135.9 (ArC), 133.7 (ArC), 129.6 (ArC), 129.4 (ArC), 129.1 (ArC), 128.9
(ArC), 128.4 (ArC), 126.8 (ArC), 126.1 (ArC), 125.4 (ArC), 120.0 (ArC),
114.6 (ArC), 113.0 (ArC), 71.2 (CH), 67.8 (OCH,), 65.7 (OCH,), 31.2
(CH,), 28.6 (CH,), 19.2 (CH,), 13.8 (CHs).

HRMS (ESI): mfz [M + H] caled for C,qH,5NOy: 426.2069; found:
426.2072.

4-(Isochroman-1-yl)-5-[4-(pentyloxy)phenyl]-3-phenylisoxazole
(2¢)
Colorless oil; yield: 147 mg (84%).

'H NMR (400 MHz, CDCl,): 6 = 7.70 (d, %] = 8.4 Hz, 2 H, ArH), 7.57-7.55
(m, 2 H, ArH), 7.30-7.28 (m, 3 H, ArH), 7.01-6.95 (m, 2 H, ArH), 6.92
(d, % =8.8 Hz, 2 H, ArH), 6.89-6.85 (m, 1 H, ArH), 6.68 (d, ) = 7.6 Hz, 1
H, ArH), 5.92 (s, 1 H, OCH), 4.37 (dd, J = 11.4 Hz, ] = 6.0 Hz, 1 H,
OCH;), 3.98 [t, ¥ = 6.8 Hz, 2 H, OCH,(CH,);CH;], 3.94 (td, ] = 11.6 Hz,
2[= 32 Hz,1H, OCH,), 3.18-3.10 (m, 1 H, ArCH,), .66 (d, ] = 14.8 Hz,
1 H, ArCH,), 1.80 [quint, ¥ = 6.8 Hz, 2 H, OCH,CH,(CH,),CH,], 1.48-
135 [m, 4 H, OCH,CHy(CH,),CHy), 094 [t, ) = 68 Hz, 3 H,
OCH,(CH,),CH,].

13C NMR (100 MHz, CDCl5): & = 169.7 (ArC), 164.2 (ArC), 160.8 (ArC),
136.0 (ArC), 133.8 (ArC), 129.7 (ArC), 129.5 (ArC), 129.2 (ArC), 129.0
(ArC), 1285 (ArC), 128.1 (ArC), 126.9 (ArC), 126.2 (ArC), 125.5 (ArC),
120.1 (ArC), 114.6 (ArC), 113.2 (ArC), 71.3 (CH), 68.2 [OCH,(CH,),CH],
65.8 (OCH,), 29.0 [OCH,CH,(CH,),CHi], 28.6 (ArCH,), 28.3
[OCH,CH,(CH,),CH;), 225 [OCH,(CH,),CH,CH;], 141
[OCH,(CH,),CH,CH;].

HRMS (ESI): mjz [M + H] calcd for CyoH3NO;: 440.2226; found:
440.2236.

5-[4-(Hexyloxy)phenyl]-4-(isochroman-1-yl)-3-phenylisoxazole
(2d)

Light yellow solid; yield: 105 mg (58%); mp 108-110 °C.

'H NMR (400 MHz, CDCl,); & = 7.76-7.69 (d, % = 8.8 Hz, 2 H, ArH),
7.61-7.56 (dd, *] = 7.4 Hz, 4] = 1.8 Hz, 2 H, ArH), 7.37-7.29 (m, 3 H,
ArH), 7.04-6.97 (m, 2 H, ArH), 6.87-6.97 (m, 3 H, ArH), 6.74-6.68 (d,
3] =7.7 Hz, 1 H, ArH), 5.95 (s, 1 H, OCH), 4.46-4.35 (dd, 3] = 11.2 Hz,
3] =5.7 Hz, 1 H, OCH,CH,Ar), 4.03-3.99 (t, *] = 6.6 Hz, 2 H, OCH,CH,),
3.99-3.93 (td, 3 = 11.7 Hz, J = 3.1 Hz, 1 H, OCH,CH,Ar), 3.23-3.09 (m,
1 H, OCH,CH,Ar), 2.74-2.64 (d, ¥ = 15.4 Hz, 1 H, OCH,CH,Ar), 1.88-
1.76 (quint, 3] = 7.0 Hz, 2 H, OCH,CH,), 1.55-143 (m, 2 H,
OCH,CH,CH,), 1.43-1.32 [m, 4 H, (CH,),CH;], 1.00-0.89 (t, * = 6.8 Hz,
3 H, CH,).

13C NMR (100 MHz, CDCl5): & = 169.6 (ArC), 164.1 (ArC), 160.7 (ArC),
135.9 (ArC), 133.7 (ArC), 129.6 (ArC), 129.4 (ArC), 129.1 (ArC), 128.9
(ArC), 128.4 (ArC), 128.0 (ArC), 126.7 (ArC), 126.1 (ArC), 125.4 (ArC),
120.0 (ArC), 114.5 (ArC), 113.0 (ArC), 71.2 (OCH), 68.1 (OCH,), 65.7
(OCH,CH,Ar), 31.6 (CH,CH,CH5), 29.1 (OCH,CH,), 28.5 (OCH,CH,AT),
25.7 (OCH,CH,CH,), 22.6 (CH,CH5), 14.0 (CH,CH5).

HRMS (ESI): m/z [M + H] calcd for C3H3,NO;: 454.2382; found:
454.2390.

4-(1,3-Dihydroisobenzofuran-1-yl)-5-(4-methoxyphenyl)-3-
phenylisoxazole (3a)
Yellow plates; yield: 81 mg (55%); mp 89-95 °C.

'H NMR (400 MHz, CDCl;): § = 7.70-7.62 (m, 2 H, ArH), 7.44-7.36 (m,
2 H, ArH), 7.35-7.22 (m, 3 H, ArH), 7.20-7.09 (m, 2 H, ArH), 7.08-7.01
(m, 1 H, ArH), 6.99-6.92 (m, 2 H, ArH), 6.90-9.84 (m, 1 H, ArH), 6.37
(s, 1 H,CH),5.12 (dd, 3 = 12.1 Hz, ¥/ = 2.3 Hz, 1 H, CH,), 5.00 (dd, 3 =
12.1 Hz, 4 = 2.3 Hz, 1 H, CH,), 3.86 (s, 3 H, OCH,).

13C NMR (100 MHz, CDCl3): & = 169.4 (ArC), 164.1 (ArC), 161.2 (ArC),
139.5 (ArC), 129.7 (ArC), 128.8 (ArC), 128.0 (ArC), 127.8 (ArC), 127.4
(ArC), 121.8 (ArC), 120.7 (ArC), 120.1 (ArC), 114.1 (ArC), 112.7 (ArC),
77.2 (CH), 72.7 (ArCH,), 55.4 (OCH,).

HRMS (ESI): mfz [M + H] caled for Cy4HyNO;: 370.1443; found:
370.1444.

5-(4-Butoxyphenyl)-4-(1,3-dihydroisobenzofuran-1-yl)-3-
phenylisoxazole (3b)

Light yellow solid; yield: 97 mg (59%); mp 105-108 °C.

H NMR (400 MHz, CDCl,): & = 7.65 (d, J = 8.9 Hz, 2 H, ArH), 7.40-7.36
(m, 2 H, ArH), 7.32-7.23 (m, 3 H, ArH), 7.19-7.10 (m, 2 H, ArH), 7.06
(t,J=7.3Hz,1H, ArH), 6.95 (d, ] = 8.9 Hz, 2 H, ArH), 6.87 (d, ] = 7.5 Hz,
1 H, ArH), 6.38 (s, 1 H, OCH), 5.12 (dd, %/ = 12.1 Hz, %/ = 25 Hz, 1 H,
OCH,), 4.99 (dd, 3 = 12.1 Hz, ¥ = 2.5 Hz, 1 H, OCH,), 4.02 (t, ] = 6.5 Hz,
2 H, OCH,C5H,), 1.89-1.74 (m, 2 H, OCH,CH,CH,CH,), 1.60-1.48 (m, 2
H, OCH,CH,CH,CH3), 1.02 (t, ] = 7.4 Hz, 3 H, CH;).

13C NMR (100 MHz, CDCl,): & = 169.5 (ArC), 164.1 (ArC), 160.8 (ArC),
139.6 (ArC), 139.5 (ArC), 129.6 (ArC), 129.3 (ArC}, 129.0 (ArC), 128.8
(ArC), 128.0 (ArC), 127.8 (ArC), 127.4 (ArC), 121.8 (ArC), 120.7 (ArC),
119.8 (ArC), 114.6 (ArC), 112.6 (ArC), 77.2 (OCH), 72.7 (OCH,Ar), 67.8
(OCH,), 31.2 (CH,), 19.2 (CH,), 13.8 (CH;).

HRMS (ESI): mfz [M + H] caled for CpHyNOy: 412.1913; found:
412.1910,

4-(1,3-Dihydroisobenzofuran-1-yl)-5-[4-(hexyloxy)phenyl]-3-
phenylisoxazole (3d)
Light yellow solid; yield: 102 mg (58%); mp 105-108 °C.

© Georg Thieme Verlag Stuttgart - New York — Synthesis 2017, 49, 1122-1130



1127

Synthesis M. Jonusis et al.

H NMR (400 MHz, CDCL,): 6 = 7.69-7.60 (d, ¥ = 8.8 Hz, 2 H, ArH),
7.41-7.35 (m, 2 H, ArH), 7.35-7.22 (m, 3 H, ArH), 7.21-7.09 (m, 2 H,
ArH), 7.09-7.01 (t, ¥ =7.3 Hz, 1 H, ArH), 6.98-6.91 (d, ¥ =8.8 Hz, 2 H,
ArH), 6.90-6.84 (d, 3] = 7.5 Hz, 1 H, ArH), 6.37 (s, 1 H, OCH), 5.16-5.07
(dd, % =12.1 Hz, ¥ = 2.3 Hz, 1 H, OCH,AT), 5.04-4.95 (dd, % = 12.1 Hz,
4= 2.2 Hz, 1 H, OCH,Ar), 4.06-3.97 (t, ¥ = 6.6 Hz, 2 H, OCH,), 1.87-
177 (quint, 3 = 7.0 Hz, 2 H, OCH,CH,), 1.54-1.44 (m, 2 H,
OCH,CH,CH,), 1.43-1.33 [m, 4 H, (CH,),CH,], 0.98-0.90 (t, J = 6.9 Hz,
3H, CHs).

3C NMR (100 MHz, CDCl;): & = 169.5 (ArC), 164.1 (ArC), 160.8 (ArC),
139.6 (ArC), 139.5 (ArC), 129.6 (ArC), 129.3 (ArC), 129.0 (ArC), 128.8
(ArC), 128.0 (ArC), 127.7 (ArC), 127.4 (ArC), 121.8 (ArC), 120.7 (ArC),
119.8 (ArC), 114.6 (ArC), 112.6 (ArC), 77.2 (OCH), 72.7 (OCH,Ar), 68.2
(OCH,), 31.6 (CH,CH,CH,), 29.1 (OCH,CH,), 25.7 (OCH,CH,CH,), 22.6
(CH,CH3), 14.0 (CH,CH3).

HRMS (ESI): m/z [M + H] calcd for CygH3NO;: 440.2226; found:
440.2240.

5-(4-Methoxyphenyl)-4-[methoxy(phenyl)methyl]-3-phenylisox-
azole (4a)

White crystals; yield: 117 mg (79%); mp 82-83 °C.

'H NMR (400 MHz, CDCl,): & = 7.76 (d, ] = 8.6 Hz, 2 H, ArH), 7.54 (d,
J=7.7Hz, 2 H, ArH), 7.46-7.35 (m, 3 H, ArH), 7.35-7.19 (m, 5 H, ArH),
6.95 (d, ¥] = 8.6 Hz, 2 H, ArH), 5.59 (s, 1 H, CHO), 3.86 (s, 3 H, OCH;),
3.33 (s, 3 H, HCOCH;).

13C NMR (100 MHz, CDCl,): & = 168.7 (ArC), 164.3 (ArC), 161.0 (ArC),
139.9 (ArC), 129.8 (ArC), 129.4 (ArC), 129.2 (ArC), 129.0 (ArC), 128.4
(ArC), 128.3 (ArC), 127.6 (ArC), 126.7 (ArC), 120.2 (ArC), 114.0 (ArC),
111.9 (ArC), 76.0 (HCOCHS,), 56.8 (HCOCHS,), 55.3 (OCH,).

HRMS (ESI) : mjz [M + Na] calcd for: C,4H;,NO;Na: 394.1419; found:
394.1403.

5-(4-Butoxyphenyl)-4-[methoxy(phenyl)methyl]-3-phenylisoxaz-
ole (4b)
Yellowish oil; yield: 79 mg (48%).

'H NMR (400 MHz, CDCl,): & =7.74 (d, ] = 8.9 Hz, 2 H, ArH), 7.56-7.51
(m, 2 H, ArH), 7.45-7.35 (m, 3 H, ArH), 7.34-7.21 (m, 5 H, ArH), 6.94
(d, ] = 89 Hz, 2 H, ArH), 5.59 (s, 1 H, CHO), 4.01 (t, ] = 6.5 Hz, 2 H,
OCH,), 3.33 (s, 3 H, OCH,), 1.84-1.77 (m, 2 H, OCH,CH,CH,CH,), 1.59-
1.45 (m, 2 H, OCH,CH,CH,CH,), 1.01 (t,] = 7.4 Hz, 3 H, CH,).

13C NMR (100 MHz, CDCl3): & = 168.7 (ArC), 164.2 (ArC), 160.7 (ArC),
139.9 (ArC), 129.8 (ArC), 129.4 (ArC), 129.3 (ArC), 129.1 (ArC), 128.3
(ArC), 128.3 (ArC), 127.6 (ArC), 126.7 (ArC), 120.0 (ArC), 114.6 (ArC),
111.8 (ArC), 76.0 (HCOCH,), 67.8 (OCH,), 56.8 (OCH,), 31.2 (CH,), 19.2
(CH;), 13.8 (CHy).

HRMS (ESI): m/z [M + H] calcd for Cy;HysNO;: 414.2069; found:
414.2068.

4-[Methoxy(phenyl)methyl]-5-[4-(pentyloxy)phenyl]-3-phenyl-
isoxazole (4c)
Yellowish oil; yield: 113 mg (66%).

TH NMR (400 MHz, CDCly): 8 =7.71(d, ¥ = 9.2 Hz, 2 H, ArH), 7.52-7.50
(m, 2 H, ArH), 7.41-7.33 (m, 3 H, ArH), 7.30-7.20 (m, 5 H, ArH), 6.91
(d, ¥ = 8.8 Hz, 2 H, ArH), 5.56 (s, 1 H, CH), 3.98 (t, J = 6.4 Hz, 2 H,
OCH,), 330 (s, 3 H, OCHy), 1.80 [quint, ¥ = 68 Hz, 2 H,
OCH,CH,(CH,),CH,), 1.47-1.36 [m, 4 H, OCH,CH,(CH,),CH,], 0.94 [t,
3 = 6.8 Hz, 3 H, OCH,(CH,),CH;].

3C NMR (100 MHz, CDCl,): & = 168.9 (ArC), 164.4 (ArC), 160.8 (ArC),
140.1 (ArC), 129.9 (ArC), 129.5 (ArC), 129.4 (ArC), 129.2 (ArC), 128.5
(ArC), 128.4 (ArC), 127.7 (ArC), 126.8 (ArC), 120.1 (ArC), 114.7 (ArC),
1119 (ArC), 76.1 (HCOCH,), 68.2 (OCH,), 56.9 (OCH;), 29.0
[OCH,CH,(CH,),CH;), 28.3 [OCH,CH,(CH,),CH,], 226
[OCH,(CH,),CH,CH3), 14.1 [OCH,(CH,),CH,CH;].

HRMS (ESI): mfz [M + H] caled for C,gHyoNO,: 428.2226; found:
428.2226.

5-|4-(Hexyloxy)phenyl]-4-|methoxy(phenyl)methyl]-3-phenyl-
isoxazole (4d)

Yellowish oil; yield: 83 mg (47%).

'H NMR (400 MHz, CDCl;): 6 = 7.78-7.71 (d, 3] = 8.8 Hz, 2 H, ArH),
7.57-7.50 (m, 2 H, ArH), 7.44-7.35 (m, 3 H, ArH), 7.34-7.29 (m, 2 H,
ArH), 7.28-7.20 (m, 3 H, ArH), 6.98-6.90 (d, | = 8.8 Hz, 2 H, ArH), 5.59
(s, 1 H, OCH), 4.05-3.96 (t, ¥ = 6.5 Hz, 2 H, OCH,), 3.33 (s, 3 H, OCH5),
1.87-1.77 (quint, 3] = 7.0 Hz, 2 H, OCH,CH,), 1.54-1.44 (m, 2 H,
OCH,CH,CH,), 1.43-1.33 [m, 4 H, (CH),CH,], 0.98-0.90 (t, 3 = 6.8 Hz,
3 H, CHy).

3C NMR (100 MHz, CDCl3): 6 = 168.8 (ArC), 164.3 (ArC), 160.7 (ArC),
140.0 (ArC), 129.8 (ArC), 129.4 (ArC), 129.3 (ArC), 129.1 (ArC), 128.3
(ArC), 128.3 (ArC), 127.5 (ArC), 126.7 (ArC), 120.0 (ArC), 114.6 (ArC),
111.8 (ArC), 76.0 (OCH), 68.1 (OCH;), 56.8 (OCH,), 31.6 (CH,CH,CH3),
29.1 (OCH,CH,), 25.7 (OCH,CH,CH,), 22.6 (CH,CH3), 14.0 (CH,CH3).
HRMS (ESI): mfz [M + H] calcd for CyqH,,NO,: 442.2382; found:
442.2387.

5-(4-Methoxyphenyl)-4-[ methoxy(4-methoxyphenyl)methyl]-3-
phenylisoxazole (5a)

White plates; yield: 93 mg (58%); mp 118-120 °C.

'H NMR (400 MHz, CDCl,): 6 =7.78 (d, *] = 8.9 Hz, 2 H, ArH), 7.60-7.51
(m, 2 H, ArH), 7.47-7.34 (m, 3 H, ArH), 7.31-7.22 (m, 2 H, ArH), 6.95
(d, ] = 8.9 Hz, 2 H, ArH), 6.83 (d, J = 8.7 Hz, 2 H, ArH), 5.53 (s, 1 H,
HC), 3.85 (s, 3 H, OCH,), 3.79 (s, 3 H, OCH;), 3.28 (s, 3 H, HCOCH,).

13C NMR (100 MHz, CDCl,): = 168.4 (ArC), 164.3 (ArC), 161.0 (ArC),
159.1 (ArC), 132.1 (ArC), 129.8 (ArC), 129.4 (ArC), 129.3 (ArC), 129.0
(ArC), 128.4 (ArC), 128.1 (ArC), 120.3 (ArC), 114.0 (ArC), 113.7 (ArC),
111.8 (ArC), 75.9 (HCOCH,), 56.7 (HCOCHS,), 55.3 (OCH;), 55.2 (OCH,).

HRMS (ESI): mfz [M + H] caled for C,5H,4NO,: 402.1705; found:
402.1703.

5-|4-(Hexyloxy)phenyl]-4-|methoxy(4-methoxyphenyl)methyl]-3-
phenylisoxazole (5d)

Yellowish solid ; yield: 111 mg (59%); mp 84-86 °C.

'H NMR (400 MHz, CDCl,): 6 = 7.80-7.71 (d, *] = 8.8 Hz, 2 H, ArH),
7.58-7.50(d, ] = 8.1 Hz, 2 H, ArH), 7.47-7.35 (m, 3 H, ArH), 7.27-7.21
(d,? =86 Hz, 2 H, ArH), 6.98-6.90 (d, J = 8.8 Hz, 2 H, ArH), 7.86-7.78
(d,? = 8.7 Hz, 2 H, ArH), 5.52 (s, 1 H, OCH), 4.04-3.96 (t, 3] = 6.5 Hz, 2
H, OCH;), 3.80 (s, 3 H, CH;0Ar), 3.27 (s, 3 H, OCH,), 1.86-1.76 (quint,
3] =7.0 Hz, 2 H, OCH,CH,), 1.53-1.43 (m, 2 H, OCH,CH,CH,), 1.42-1.33
[m, 4 H, (CH,),CH;], 0.97-0.90 (t, */ = 6.8 Hz, 3 H, CH,).

13C NMR (100 MHz, CDCl,): = 168.5 (ArC), 164.2 (ArC), 160.6 (ArC),
159.0 (ArC), 132.1 (ArC), 129.8 (ArC), 129.4 (ArC), 129.3 (ArC), 129.0
(ArC), 128.4 (ArC), 128.1 (ArC), 120.0 (ArC), 114.5 (ArC), 113.7 (ArC),
111.6 (ArC), 75.9 (OCH), 68.1 (OCH,), 56.7 (OCH,), 55.2 (CH,0Ar), 31.6
(CH,CH,CH,), 29.1 (OCH,CH,), 25.7 (OCH,CH,CH,), 22.6 (CH,CH,),
14.0 (CH,CHs).
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HRMS (ESI): mfz [M + H] calcd for CiH3,NO,: 472.2488; found:
472.2508.

4-[(4-Bromophenyl)(ethoxy)methyl]-5-(4-methoxyphenyl)-3-
phenylisoxazole (6a)
White crystals ; yield: 143 mg (77%); mp 119-120 °C.

"H NMR (400 MHz, CDCl,): 6 = 7.76 (d, 3 = 8.9 Hz, 2 H, ArH), 7.58-7.52
(m, 2 H, ArH), 7.47-7.33 (m, 5 H, ArH), 7.21 (d, J = 8.4 Hz, 2 H, AtH),
6.96 (d, ¥ = 8.8 Hz, 2 H, ArH), 5.62 (s, 1 H, CH), 3.85 (s, 3 H, OCH,),
3.57-3.37 (m, 2 H, OCH,), 1.14 (t, )/ = 7.0 Hz, 3 H, CH;).

13C NMR (100 MHz, CDCL,): 6 = 168.6 (ArC), 164.1 (ArC), 161.1 (ArC),
139.4 (ArC), 131.3 (ArC), 129.8 (ArC), 129.5 (ArC), 129.2 (ArC), 129.1
(ArC), 128.5 (ArC), 128.4 (ArC), 121.5 (ArC), 120.1 (ArC), 114.1 (ArC),
112.1 (ArC), 73.5 (HCOCH;), 64.6 (OCH,), 55.4 (OCH,), 15.1 (CH;).

HRMS (ESI): m/z [M + H] calcd for Co5H,3BrNO;: 464.0861; found:
464.0864.

4-|(4-Bromophenyl)(ethoxy)methyl]-5-[4-(pentyloxy)phenyl]-3-
phenylisoxazole (6¢c)
Colorless oil; yield: 62 mg (30%).

TH NMR (400 MHz, CDCl,): 8 =7.69 (d, %/ = 8.8 Hz, 2 H, ArH), 7.51-7.49
(m, 2 H, ArH), 7.42-7.33 (m, 5 H, ArH), 7.15 (d, ] = 8.4 Hz, 2 H, ArH),
6.91(d, ) = 8.8 Hz, 2 H, ArH), 5.57 (s, 1 H, CH), 3.98 (t, )} =6.4 Hz, 2 H,
OCH;), 3.51-3.44 (m, 1 H, OCH,CH;), 3.41-3.34 (m, 1 H, OCH,CH,),
1.80 [quint, 3] = 6.8 Hz, 2 H, OCH,CH,(CH,),CH,], 1.48-1.34 [m, 4 H,
OCH,CH,(CH,),CH;], 110 (t, %) = 6.8 Hz, 3 H, OCH,CH;), 0.94 [t, %/ = 6.8
Hz, 3 H, OCH;(CH, );CH, ).

13C NMR (100 MHz, CDCl,): § = 168.8 (ArC), 164.2 (ArC), 160.9 (ArC),
139.5(ArC), 131.4 (ArC), 129.9 (ArC), 129.6 (ArC), 129.32 (ArC), 129.17
(ArC), 128.57 (ArC), 128.49 (ArC), 121.56 (ArC), 119.9 (ArC), 114.7
(ArC), 112.1 (ArC), 73.6 (HC), 68.3 (OCH,), 64.7 (OCH,CH5), 29.0
[OCH,CH,(CH,),CH;], 283 [OCH,CH,( CH,),CH;], 226
[OCH,(CH,);CH,CH5), 15.2 (OCH,CH;), 14.1 [OCH,(CH,);CH,CH5 ).
HRMS (ESI): mjz [M + H] caled for CyH3BrNO5: 520.1487; found:
520.1503.

4-[(4-Bromophenyl)(ethoxy)methyl]-5-[4-(hexyloxy)phenyl]-3-
phenylisoxazole (6d)

Yellow oil; yield: 119 mg (56%).

"H NMR (400 MHz, CDCl,): & = 7.75-7.68 (d, 3J = 8.9 Hz, 2 H, ArH),
7.56-7.50 (m, 2 H, ArH), 7.46-7.33 (m, 5 H, ArH), 7.22-7.14 (d, ¥ = 8.3
Hz, 2 H, ArH), 6.99-6.90 (d, *] = 8.9 Hz, 2 H, ArH), 5.59 (s, 1 H, OCH),
4.03-3.98 (t, %] = 6.6 Hz, 2 H, OCH,CH,), 3.56-3.35 (m, 2 H, OCH,CH,),
1.88-1.76 (quint, 3 = 7.0 Hz, 2 H, OCH,CH,), 1.55-1.44 (m, 2 H,
OCH,CH,CH,), 1.41-1.32 [m, 4 H, (CH,),CH,], 1.16-1.10 (t, 3] = 7.0 Hz,
3 H, OCH,CHs), 0.98-0.89 (t, 3 = 6.9 Hz, 3 H, CH;).

13C NMR (100 MHz, CDCl;): & = 168.7 (ArC), 164.1 (ArC), 160.7 (ArC),
139.7 (ArC), 131.3 (ArC), 129.7 (ArC), 129.5 (ArC), 129.2 (ArC), 129.0
(ArC), 128.4 (ArC), 128.4 (ArC), 121.4 (ArC), 119.8 (ArC), 114.6 (ArC),
111.9 (ArC), 73.5 (OCH), 682 (OCH,), 646 (OCH,CH;), 316
(CH,CH,CH;), 29.1 (OCH,CH,), 25.7 (OCH,CH,CH;), 22.6 (CH,CH,),
15.0 (OCH,CH;), 14.0 (CH,CH;).

HRMS (ESI): m/z [M + H] caled for C5qH33BrNO;: 534.1644; found:
534.1668.

3-(Isochroman-1-yl)-2-(4-methoxyphenyl)-4H-chromen-4-one
(8a)
Yellow oil; yield: 152 mg (99%).

IR (KBr): 1647 cm™' (C=0).

'H NMR (400 MHz, CDCl,): 6 =8.21(d, ¥ = 7.9 Hz, 1 H, ArH), 7.76-7.61
(m, 3 H, ArH), 7.49 (d, ¥ = 8.4 Hz, 1 H, ArH), 7.39 (t, 3 = 7.5 Hz, 1 H,
ArH), 7.13-7.06 (m, 2 H, ArH), 7.05-6.99 (m, 1 H, ArH), 6.97 (d, % = 8.4
Hz, 2 H, ArH), 6.84 (d, ¥ = 7.6 Hz, 1 H, ArH), 6.05 (s, 1 H, OCH), 4.41-
432 (m, 1 H, OCH,), 3.96-3.88 (m, 1 H, OCH,), 3.87 (s, 3 H, OCH,),
3.32-3.16 (m, 1 H, ArCH,), 2.73-2.62 (m, 1 H, ArCH,).

13C NMR (100 MHz, CDCL,): § = 177.0 (C=0), 166.0 (ArC), 161.4 (ArC),
156.0 (OArC), 137.4 (ArC), 133.9 (ArC), 133.6 (ArC), 130.7 (ArC), 128.5
(ArC), 126.2 (ArC), 126.1 (ArC), 126.0 (ArC), 125.4 (ArC), 125.0 (ArC),
124.0 (ArC), 123.9 (ArC), 121.4 (ArC), 117.9 (ArC), 113.6 (ArC), 72.9
(OCH), 65.3 (OCH,), 55.5 (OCHj), 28.9 (ArCH,).

HRMS (ESI): mfz [M + H] caled for Cy;5H;04: 385.1440; found:
385.1438.

2-(4-Butoxyphenyl)-3-(isochroman-1-yl)-4H-chromen-4-one (8b)
Yellow wax; yield: 150 mg (88%).

IR (KBr): 1649 cm™' (C=0).

'"H NMR (400 MHz, CDCl,): 6 = 8.25-8.18 (m, 1 H, ArH), 7.73-7.63 (m,
3 H, ArH), 749 (d, } = 8.4 Hz, 1 H, ArH), 7.39 (t, 3 = 7.5 Hz, 1 H, ArH),
7.12-7.06 (m, 2 H, ArH), 7.05-6.99 (m, 1 H, ArH), 6.96 (d, 3| = 8.6 Hz, 2
H, ArH), 6.84 (d, *] = 7.6 Hz, 1 H, ArH), 6.03 (br s, 1 H, OCH), 4.40-4.32
(m, 1 H, OCH,CH,Ar), 4.04 (t, %] = 6.5 Hz, 2 H, OCH,Pr), 3.96-3.87 (m, 1
H, OCH,CH,Ar), 3.30-3.16 (m, 1 H, OCH,CH,Ar), 2.71-2.62 (m, 1 H,
OCH,CH,Ar), 1.87-1.75 (m, 2 H, OCH,CH,CH,CH,), 1.61-1.48 (m, 2 H,
OCH,CH,CH,CH;), 1.03 (t, 3 = 7.4 Hz, 3 H, CH,).

13C NMR (100 MHz, CDCl5): & = 177.0 (C=0), 166.0 (ArC), 161.0 (ArC),
156.0 (OArC), 137.4 (ArC), 133.9 (ArC), 133.5 (ArC), 130.7 (ArC), 129.0
(ArC), 128.5 (ArC), 126.2 (ArC), 126.0 (ArC), 126.0 (ArC), 125.1 (ArC),
124.9 (ArC), 124.0 (ArC), 121.3 (ArC), 117.8 (ArC), 114.2 (ArC), 73.0
(HCO), 67.9 (OCH,Pr), 65.3 (OCH,CH,ATr), 31.2 (OCH,CH,CH,CH;), 28.9
(OCH,CH,Ar), 19.2 (OCH,CH,CH,CH,), 13.8 (CH3).

HRMS (ESI): mfz [M + H] caled for CygHy;0,: 427.1909; found:
427.1906.

2-[4-(Hexyloxy)phenyl]-3-(isochroman-1-yl)-4H-chromen-4-one
(8¢)

Yellow oil; yield: 127 mg (70%).

IR (KBr): 1649 cm™! (C=0).

H NMR (400 MHz, CD,CN): 6 =8.11-8.01 (dd, 3/ = 7.9 Hz, = 1.3 Hz, 1
H, ArH), 7.80-7.73 (ddd, */ = 8.6 Hz, 3] = 7.2 Hz, ¥ = 1.7 Hz, 1 H, ArH),
7.73-7.68 (d, ] = 8.7 Hz, 2 H, ArH), 7.60-7.54 (d, ] = 8.1 Hz, 1 H, ArH),
7.47-7.40 (m, 1 H, ArH), 7.10-7.02 (m, 2 H, ArH), 7.02-6.93 (m, 3 H,
ArH), 6.87-6.77 (d, }] = 7.6 Hz, 1 H, ArH), 5.91 (s, 1 H, OCH), 4.32-4.23
(ddd, *J = 11.6 Hz, > = 5.5 Hz, Y| = 2.0 Hz, 1 H, OCH,CH,Ar), 4.08-4.00
(t,% = 6.6 Hz, 2 H, OCH,), 3.88-3.79 (td, ¥ = 11.2 Hz, ¥y = 3.1 Hz, 1 H,
OCH,CH,Ar), 3.16-3.05 (m, 1 H, OCH,CH,Ar), 2.69-2.60 (d, ?] = 16.1
Hz, 1 H, OCH,CH,Ar), 1.84-1.72 (quint, *] = 7.0 Hz, 2 H, OCH,CH,),
1.53-1.42 (m, 2 H, OCH,CH,CH,), 1.42-1.32 [m, 4 H, (CH;),CH,], 0.98-
0.88 (t,*]=7.0 Hz, 3 H, CH,).

13C NMR (100 MHz, CD4CN): § = 176.42 (C=0), 166.0 (OArC), 161.0
(ArC), 156.1 (ArC), 137.6 (ArC), 134.2 (ArC), 133.9 (ArC), 130.8 (ArC),
128.3 (ArC), 125.8 (ArC), 125.7 (ArC), 125.3 (ArC), 125.2 (ArC), 125.0
(ArC), 124.0 (ArC), 123.7 (ArC), 120.8 (ArC), 118.2 (ArC), 114.1 (ArC),
72.8 (OCH), 68.1 (OCH,), 64.9 (OCH,CH,Ar), 31.3 (CH,CH,CH,), 28.8
(OCH,CH,), 28.5 (OCH,CH,Ar), 25.4 (OCH,CH,CH,;), 22.3 (CH,CH;),
13.3 (CH,CH,).
HRMS (ESI):
455.2222.

mjz [M + H] caled for CyH3 04 455.2222; found:

© Georg Thieme Verlag Stuttgart - New York — Synthesis 2017, 49, 1122-1130
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2-(4-Fluorophenyl)-3-(isochroman-1-yl)-4H-chromen-4-one (8d)
White crystals; yield: 144 mg (97%); mp 130-135 °C.

IR (KBr): 1634 cm™' (C=0).

'H NMR (400 MHz, CDCl,): 6 = 8.27-8.21 (m, 1 H, ArH), 7.73-7.66 (m,
1 H, ArH), 7.65-7.58 (m, 2 H, ArH), 7.50-7.45 (m, 1 H, ArH), 7.48 (d,
3]=8.3Hz, 1H,ArH), 7.12-6.97 (m, 5 H, ArH), 6.81 (d, */ = 7.6 Hz, 1 H),
6.11 (s, 1 H, OCH), 4.34-4.24 (m, 1 H, OCH,CH,Ar), 3.89 (td, ¥ = 11.3
Hz,?J = 3.1 Hz, 1 H, OCH,CH,Ar), 3.11-2.98 (m, 1 H, OCH,CH,Ar), 2.62
(d,?] =16.1 Hz, 1 H, OCH,CH,Ar).

13C NMR (100 MHz, CDCl,): & = 177.0 (C=0), 163.8 (d, 'J = 251.6 Hz,
ArC), 156.0 (OAIC), 137.2 (ArC), 133.8 (ArC), 133.7 (ArC), 131.2 (d, ] =
8.6 Hz, ArC), 129.3 (ArC), 129.2 (ArC), 128.5 (ArC), 126.3 (ArC), 126.1
(d,?] =11.5 Hz, ArC), 125.2 (ArC), 124.2 (ArC), 123.7 (ArC), 122.4 (ArC),
117.9 (ArC), 115.2 (ArC), 115.0 (ArC), 72.1 (HCO), 65.3 (OCH,CH,), 28.7
(OCH,CH,).

HRMS (ESI): m/z [M + Na] caled for C,4H,;FO;Na: 395.1059; found:
395.1054.

3-(1,3-Dihydroisobenzofuran-1-yl)-2-(4-methoxyphenyl)-4H-
chromen-4-one (9a)

Yellow wax; yield: 123 mg (83%).

IR (KBr): 1646 cm™! (C=0).

'H NMR (400 MHz, CDCl,): 8 = 8.15 (dd, 3/ = 8.0 Hz; 9 = 1.4 Hz, 1 H,
ArH), 7.70-7.61 (m, 3 H, ArH), 7.50-7.43 (m, 1 H, ArH), 7.40-7.33 (m,
1 H, ArH), 7.31-7.23 (m, 2 H, ArH), 7.23-7.17 (m, 1 H, ArH), 7.10-7.05
(m, 1 H, ArH), 7.04-6.98 (m, 2 H, ArH), 6.39 (s, 1 H, OCH), 5.37-5.28
(m, 1 H, CH;), 5.21-5.15(m, 1 H, CH;), 3.89 (s, 3 H, OCH;).

13C NMR (100 MHz, CDCl,): 8 = 177.23 (C=0), 166.0 (ArC), 161.4 (ArC),
156.0 (OArC), 140.6 (ArC), 140.1 (ArC), 133.6 (ArC), 130.8 (ArC), 127.4
(ArC), 127.1 (ArC), 126.0 (ArC), 124.9 (ArC), 124.9 (ArC), 124.1 (ArC),
120.6 (ArC), 120.5 (ArC), 120.1 (ArC), 117.8 (ArC), 113.9 (ArC), 80.7
(OCH), 74.1 (CH,), 55.5 (OCH;).

HRMS (ESI): mfz [M + H] caled for C,4H,004: 371.1283; found:
371.1284.

2-(4-Butoxyphenyl)-3-(1,3-dihydroisobenzofuran-1-yl)-4H-
chromen-4-one (9b)

Yellow wax; yield: 130 mg (79%).

IR (KBr): 1648 cm™' (C=0).

'H NMR (400 MHz, CDCl,): & = 8.15 (dd, 3/ = 7.9 Hz, ¥ = 1.2 Hz, 1 H,
ArH), 7.70-7.61 (m, 3 H, ArH), 7.47 (d, }] = 8.4 Hz, 1 H, ArH), 7.36 (t,
3[=7.5Hz, 1 H, ArH), 7.32-7.17 (m, 3 H, ArH), 7.08 (d, >/ = 7.5 Hz, 1 H,
ArH), 7.02 (d, 3] = 8.7 Hz, 2 H, ArH), 6.40 (s, 1 H, OCH), 5.39-5.30 (m, 1
H, ArCH,), 5.23-5.15 (m, 1 H, ArCH,), 4.06 (t, 3 = 6.5 Hz, 2 H, OCH,),
1.89-1.77 (m, 2 H, OCH,CH,), 1.61-1.48 (m, 2 H, CH,CH,), 1.03 (t, Y] =
7.4 Hz, 3 H, CH,CH;).

C NMR (100 MHz, CDCly): & = 177.2 (C=0), 165.3 (ArC), 161.1 (ArC),
156.0 (OArC), 140.6 (ArC), 140.1 (ArC), 133.5 (ArC), 130.8 (ArC), 127.4
(ArC), 127.1 (ArC), 125.9 (ArC), 124.9 (ArC), 124.6 (ArC), 124.1 (ArC),
120.6 (ArC), 120.5 (ArC), 120.1 (ArC), 117.8 (ArC), 114.4 (ArC), 80.8
(OCH), 74.1 (ArCH,), 67.9 (OCH,CH,), 31.2 (OCH,CH,), 19.2 (CH,CH;),
13.8 (CH,CH;).

HRMS (ESI): m/z [M + H| caled for Cy;H,50,4: 413.1753; found:
413.1761.

3-(1,3-Dihydroisobenzofuran-1-yl)-2-[4-(hexyloxy)phenyl]-4H-
chromen-4-one (9c)
Yellow oil; yield: 141 mg (80%).

IR (KBr): 1648 cm™' (C=0).

'H NMR (400 MHz, CDCl,): & = 8.18-8.10 (dd, ¥/ = 8.0 Hz, ¥/ = 1.3 Hz, 1
H, ArH), 7.71-7.61 (m, 3 H, ArH), 7.51-7.44 (d, *] = 8.3 Hz, 1 H, ArH),
7.41-7.33 (t,% = 7.5 Hz, 1 H, ArH), 7.32-7.24 (m, 2 H, ArH), 7.24-7.17
(td, 3] = 6.3 Hz, 9 = 1.7 Hz, 1 H, ArH), 7.10-7.05 (d, 3] = 7.4 Hz, 1 H,
ArH), 7.04-6.97 (d, 3 = 8.7 Hz, 2 H, ArH), 6.38 (s, 1 H, OCH), 5.38-5.30
(dd,?[ = 11.6 Hz, ¥ = 2.4 Hz, 1 H, OCH,Ar), 5.22-5.15(d, %/ = 11.5 Hz, 1
H, OCH,Ar), 4.09-3.99 (t, ] = 6.5 Hz, 2 H, OCH,), 1.89-1.79 (quint, 3] =
7.0 Hz, 2 H, OCH,CH,), 1.56-1.46 (m, 2 H, OCH,CH,CH,), 1.44-1.32
[m, 4 H, (CH,),CH;], 0.99-0.89 (t, * = 6.9 Hz, 3 H, CH,).

13C NMR (100 MHz, CDCl,): & = 177.2 (C=0), 165.3 (OArC), 161.0 (ArC),
156.0 (ArC), 140.6 (ArC), 140.1 (ArC), 133.5 (ArC), 130.8 (ArC), 127.4
(ArC), 127.1 (ArC), 126.0 (ArC), 124.9 (ArC), 124.6 (ArC), 124.1 (ArC),
120.6 (ArC), 120.4 (ArC), 120.0 (ArC), 117.8 (ArC), 114.4 (ArC), 80.8
(OCH), 74.1 (OCH,Ar), 683 (OCH,), 31.6 (CH,CH,CH;), 29.1
(OCH,CH,), 25.7 (OCH,CH,CH,), 22.6 (CH,CH;), 14.1 (CH,CH,).

HRMS (ESI): m/z [M + H] caled for CygH,90,: 441.2066; found:
441.2069.

2-(4-Methoxyphenyl)-3-|methoxy(phenyl)methyl]-4H-chromen-
4-one (10a)

Yellow wax; yield: 113 mg (76%).

IR (KBr): 1650 cm™' (C=0).

'H NMR (400 MHz, CDCl,): & = 8.28 (dd, }/ = 7.9 Hz; 4y = 1.3 Hz, 1 H,
ArH), 7.71-7.65 (m, 1 H, ArH), 7.51-7.38 (m, 4 H, ArH), 7.30-7.24 (m,
2 H, ArH), 7.23-7.17 (m, 2 H, ArH), 7.17-7.11 (m, 1 H, ArH), 6.95-6.87
(m, 2 H, ArH), 5.90 (s, 1 H, OCH), 3.87 (s, 3 H, OCH,), 3.44 (s, 3 H, HCO-
CH3).

13C NMR (100 MHz, CDCL,): & = 177.6 (C=0), 165.5 (ArC), 161.2 (ArC),
156.1 (OAIC), 141.0 (ArC), 133.6 (ArC), 130.7 (ArC), 127.7 (ArC), 1265
(ArC), 126.3 (ArC), 125.9 (ArC), 125.4 (ArC), 125.0 (ArC), 123.4 (ArC),
121.2 (ArC), 117.9 (ArC), 113.4 (ArC), 77.1 (OCH), 57.2 (OCH,), 55.4
(ATOCH;).

HRMS (ESI): m/z [M + H] caled for C54H,,0,: 373.1440; found:
373.1438.

3-[(4-Bromophenyl)(ethoxy)methyl]-2-(4-methoxyphenyl)-4H-
chromen-4-one (11a)

Yellow wax; yield: 152 mg (82%).

IR (KBr): 1634 cm™' (C=0).

'H NMR (400 MHz, CDCl,): & = 8.27 (d, *] = 7.9 Hz, 1 H, ArH), 7.68 (t,
3 =7.7 Hz, 1 H), 7.48-7.38 (m, 4 H, ArH), 7.29 (d, ¥ = 8.4 Hz, 2 H, ArH),
7.11(d, ¥/ = 8.3 Hz, 2 H, ArH), 6.90 (d, *] = 8.7 Hz, 2 H, ArH), 5.99 (s, 1
H, OCH), 3.87 (s, 3 H, OCH;), 3.63-3.49 (m, 2 H, OCH,), 1.20 (t, ¥/ = 7.1
Hz, 3 H, CH;).

13C NMR (100 MHz, CDCl,): 6 = 177.58 (C=0), 165.6 (ArC), 161.3 (ArC),
156.1 (OAIC), 140.7 (ArC), 133.7 (ArC), 130.8 (ArC), 130.6 (ArC), 127.7
(ArC), 126.2 (ArC), 125.3 (ArC), 125.1 (ArC), 123.3 (ArC), 121.6 (ArC),
120.2 (ArC), 117.9 (ArC), 113.3 (ArC), 74.3 (OCH), 64.8 (OCH,), 55.4
(OCH;), 15.3 (CH,).

HRMS (ESI): mjz [M + H] caled for C,sH,,BrO,: 465.0701; found:
465.0709,

Supporting Information

Supporting information for this article is available online at
http://dx.doi.org/10.1055/s-0036-1588327.
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A series of 3,5-diaryl-2-heteroarylthiophenes have been synthesized via Fiesselmann type reaction between al-
kynones and easily available heteroarylmethanethiols or heteroarylmethyl carbamimidothioates. A correlation
between compounds structure and efficiency of luminescence has been established. These compounds exhibited
photoluminescence with quantum yields up to 83%. An evidence of twisted intramolecular charge transfer and
singlet emissive states have been demonstrated.

1. Introduction

Substituted thiophenes represent an important class of building
blocks for the development of new pharmaceuticals [1,2] and optical
materials [3-7]. There are numerous reports on the optoelectronic
applications of thiophene-containing oligomeric or polymeric materials
[8-13]. In contrast, the literature on the optoelectronic properties of
monomeric thiophenes is relatively scarce. Although there are a few
reports on the emissive properties of monomeric thiophenes [14], and
these studies have led to the application of thiophenes in aggregation
induced emission [15] and three-dimensional optical storage [16], the
relationship between the structure and emissive behavior of monomeric
thiophenes has not been systematically studied. It has been only shown
that the introduction of benzimidazole (or structurally related phe-
nanthroimidazole) [14] in the position 2 of the thiophene ring has
helped to increase photoluminescence quantum yields (PLQY) to near
unity in solution [14b]. In addition, Mueller has also demonstrated that
aryl substituents that are not conjugated with the thiophene core have
almost no effect on the emissive properties of oligomeric thiophenes
[13]. Hence, we decided to utilize the beneficial effect of benzimidazole
in position 2 and aryl substituents in positions 3 and 5 of thiophene
scaffold in our study of emissive properties. The relationship between
electronic and emissive properties of 2,3,5-trisubstituted thiophenes
was systematically explored by the introduction of electron with-
drawing groups (EWG) or electron donating groups (EDG) in aryl
moieties (Fig. 1.). We were pleased to find that the proper choice of
EWGs in the R; and Ry positions and EDG in the Ry position of 2,3,5-
trisubstituted thiophenes allowed for PLQY of 83% to be achieved in

* Corresponding author.
E-mail address: inga.cikotiene@chgf.vu.lt (L. Cikotiené).
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solutions (Fig. 1).

Among a variety of methods for the synthesis of 2,3,5-trisubstituted
thiophenes, Fiesselmann reaction is especially suitable. Early examples
of Fiesselmann reaction involved a base-catalyzed condensation of
acetylene dicarboxylates with mercaptoacetate to furnish 2,3,5-trisub-
stituted thiophenes (Scheme 1) [17]. The reaction experienced a re-
naissance in the late 90ties, when a tandem Michael addition/in-
tramolecular Knoevenagel condensation between the appropriate 1,3-
disubstituted propynones and mercaptoacetates was reported (Scheme
1) [18]. Later developments were mostly focused on various approaches
for the in situ generation of ynones/ynoates under the Fiesselmann re-
action conditions. Accordingly, Mueller elaborated the Fiesselmann
reaction as a three-component or pseudo-five-component synthesis of
2,3,5-trisubstituted thiophenes and oligothiophenes [11-13] and Wu
recently reported a four-component Fiesselmann reaction [19]. Im-
portantly, easy-to-oxidize and relatively toxic mercaptans have been
used as sulphur-containing building blocks in most of the above men-
tioned examples. Herein we report the use of heteroaryl substituted S-
functionalized thioureas as a stable, non-toxic and easy-to-handle al-
ternative to thiols [20] in the Fiesselmann reaction (Scheme 1).

2. Experimental section
2.1. General information
'H and '3C NMR spectra were recorded at 400 MHz and 100.6 MHz

with Bruker Ascend™ spectrometer. Chemical shifts are reported in
parts per million (ppm) using the residual protic solvent resonance as
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Ry = -H, -Cl, -di-Cl
R = -H, -CFs, -OMe, -OCsH,4
R, = -H, -CF3, -OMe, -OCzHq,

General structure

Fig. 1. General structure of luminescent 2,3,5-trisubstituted thiophenes.

the internal standard (CHCls: § 7.28 (77.0), DMSO: § 2.50 (39.5)) un-
less otherwise stated. Data is reported as follows: chemical shift, mul-
tiplicity (s = singlet, d = doublet, t = triplet, q = quartet, br = broad,
m = multiplet), coupling constants (Hz) and integration). Mass spectra
were recorded with a TSQ Endura™ spectrometer (electrospray ioniza-
tion) in positive mode. Melting points of synthesized compounds were
monitored in open capillary with “Stuart SMP 10” apparatus. Reaction
process was monitored by TLC using Silicagel 60 Fy54 Merc plates. For
purification Silicagel 60 (40-63 pm), hexane or petroleum ether (PE),
ethyl acetate (EA), toluene (Tol), chloroform (CHCl3), acetonitrile
(MeCN) and their mixtures were used as eluents. Hexane and petroleum
ether were distilled before use.

The solution absorption and emission, as well as solid state emission
spectra were measured on the FS5-Edinburgh instruments spectro-
fluorometer in ambient atmosphere and room temperature. The PLQYs
were determined by the absolute method at ambient temperature using
an integrating sphere. Compounds were excited in the wavelength they
absorbed in. The temperature measurements were conducted in a
cryostat using EtOH/liquid nitrogen as coolant.

2.2. Synthesis of compounds

2.2.1. Synthesis of starting materials

1,3-Diarylpropynones la-f were synthesized according to known
procedure [21] from corresponding alkynes and aroyl chlorides. (1H-
benzo[d]imidazol-2-yl)methanethiols were prepared according to
known procedure [22] in cyclization of aryl-1,2-diamine and mercap-
toacetic acid and various substituted methyl carbamimidothioates were
synthesized from corresponding alcohols in two step synthesis ac-
cording the literature procedures [23] in good to excellent yield.

2.2.2. Synthesis of 3,5-diaryl-2-heteroarylthiophenes (3) and 2-
heteroaryl-3,5-diaryl-2, 3-dihydrothiophen-3-ols 4). General
procedure

To the 25ml round bottomed flask the corresponding hetero-
arylmethanethiol or heteroarylmethyl carbamimidothioate
(0.45 mmol) and 36 mg NaOH (0.9 mmol) were added followed by 5ml
of ethanol. Reaction mixture was refluxed 1 h under argon atmosphere,
then the corresponding 1,3-diarylpropynone 1 (0.3 mmol) was added
and refluxing was continued until full completion (monitored by TLC).
The solvent was evaporated under reduced pressure; the residue was
portioned between DCM and water. The organic layer was separated,
then washed with water, dried with sodium sulfate and concentrated
under reduced pressure. The resulting solid material was purified by
crystallization or column chromatography.

2.2.2.1. 2-(3,5-diphenylthiophen-2-yl)-1H-benzo[d]imidazole

(3aa). Yellowish powder, m.p. 210-215 °C (iPrOH). Yield: 62%. 'H
NMR (400 MHz, CDCl5) &: 8.89 (1H, s), 7.79 (1H, d, J = 7.8 Hz), 7.69
(2H, d, J=7.3Hz), 7.62-7.49 (5H, m), 7.43 (2H, t, J = 7.5 Hz),
7.39-7.31 (2H, m), 7.29-7.23 (1H, m), 7.20 (2H, m) ppm. *C NMR
(100 MHz, CDCl3) &: 146.0, 143.1, 141.8, 136.0, 133.4, 129.4, 129.1,
129.0, 128.8, 128.4, 126.6, 125.8, 123.3, 122.6, 119.5, 110.5 ppm.
HRMS (ESI) caled. for Ca3H,7N58 (MH™): 353.1106; found 353.1109.
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2.2.2.2. 5-Chloro-2-(3,5-diphenylthiophen-2-yl)-1H-benzo[d]imidazole
(3ab). Yellowish powder, m.p. 205-209 °C (iPrOH). Yield: 55%. 'H
NMR (400 MHz, CDCl3) &: 12.29 (1H, s), 7.82 (2H, d, J = 7.3 Hz), 7.78
(1H, s), 7.73-7.35 (10H, m), 7.22 (1H, d, J = 8.1 Hz) ppm. *C NMR
(100 MHz, CDCl5) &: 147.7, 145.3, 142.8, 135.2, 133.3, 129.8, 129.2,
129.1, 129.0, 128.7, 128.5, 127.5, 126.9, 126.0, 123.1, 120.5, 118.4,
113.5ppm. HRMS (ESI) caled. for Cp3HyCIN,S (MH™): 387.0717;
found 387.0719.

2.2.2.3. 5,6-Dichloro-2-(3,5-diphenylthiophen-2-yl)-1H-benzo[d]
imidazole (3ac). Yellowish powder, m.p. 232-233 °C (iPrOH). Yield:
60%. '"H NMR (400 MHz, DMSO-d;) §: 12.32 (1H, br. s), 7.89-7.68 (5H,
m), 7.56-7.31 (8H, m) ppm. '*C NMR (100 MHz, DMSO-d,) &: 148.9,
145.7, 143.2, 139.5, 135.1, 133.2, 129.8, 129.2, 129.1, 129.1, 128.6,
127.6, 126.1, 125.6, 125.1, 116.8 ppm. HRMS (ESI) caled. for
Co3H;5ClN,S (MH '): 421.0328; found 421.0332.

2.2.2.4. 4-(3,5-diphenylthiophen-2-yl)pyridine (3ad). Yellowish plates,
m.p. 107-110 °C (EtOH). Yield: 67%. "H NMR (400 MHz, DMSO-d;)
8:8.50 (2H, d, J = 5.0 Hz), 7.79-7.75 (2H, m), 7.70 (1H, s), 7.47 (2H, t,
J = 7.6 Hz), 7.43-7.34 (6H, m), 7.22 (2H, dd, J = 4.6, 1.5 Hz) ppm. °C
NMR (100 MHz, DMSO-dg) 6: 150.5, 144.2, 141.7, 141.4, 135.8, 134.0,
133.3, 129.7, 129.3, 129.2, 128.8, 128.3, 128.0, 125.9, 123.2 ppm.
HRMS (ESI) caled. for Co;H; NS (MH*): 314.0998; found 314.0998.

2.2.2.5. 2-(3,5-bis(4-methoxyphenyl)thiophen-2-yl)-1H-benzo[d]
imidazole (3ba). Yellow crystals, m.p. 255-258 “C (EtOH). Yield: 92%.
TH NMR (400 MHz, CDCl) &: 9.18 (1H, br. s), 7.56 (2H, d, J = 8.0 Hz),
7.50-7.42 (4H, m), 7.20-7.13 (3H, m), 6.99 (2H, d, J = 8.0 Hz), 6.91
(2H, d, J = 4.8 Hz), 3.85 (3H, s), 3.83 (3H, s) ppm. '*C NMR (100 MHz,
CDCly) 8: 159.8, 146.8, 145.9, 141.8, 130.1, 128.1, 127.1, 126.2, 125.6,
122.8, 114.7, 114.4, 55.3 ppm. HRMS (ESI) caled. for CzsHziN20.8
(MH™*): 413.1318; found 413.1322.

2.2.2.6. 2-(3,5-bis(4-methoxyphenyl)thiophen-2-yl)-5-chloro-1H-benzo[d]
imidazole (3bb). Yellow powder, m.p. 235-237 °C (EtOH). Yield: 58%.
'H NMR (400 MHz, DMSO-dg) & 12.03 (1H, br. s), 7.72 (2H, d,
J = 8.6 Hz), 7.60-7.53 (2H, m), 7.50 (1H, d, J = 8.3 Hz), 7.41 (2H, d,
J =8.6Hz), 7.19 (1H, dd, J = 8.5, 1.6 Hz), 7.03 (2H, d, J = 8.7 Hz),
6.98 (2H, d, J = 8.6 Hz), 3.81 (3H, s), 3.79 (3H, s) ppm. "*C NMR
(100 MHz, DMSO-dg) §: 160.0, 159.6, 148.1, 145.2, 142.5, 130.3,
127.7, 127.7, 127.4, 127.4, 126.8, 126.3, 126.0, 124.1, 124.1, 122.7,
122.7, 115.1, 114.6, 55.8, 55.6ppm. HRMS (ESI) caled. for
Cu5H20CIN204,8 (MH *): 447.0928; found 447.0934.

2.2.2.7. 2-(3,5-bis(4-methoxyphenyl)thiophen-2-y1)-5,6-dichloro-1H-
benzo[d]imidazole (3bc). Yellow erystals, m.p. 122-127°C (R; = 0.3,
PE:EA = 4:1). Yield 74%. "H NMR (400 MHz, CDCl;) &: 8.76 (1H, br. s),
7.79 (1H, s), 7.59 (2H, d, J = 8.4 Hz), 7.43 (2H, d, J = 8.8 Hz), 7.31
(1H, s), 7.14 (1H, s), 7.05 (2H, d, J = 8.4 Hz), 6.94 (2H, d, J = 8.8 Hz),
3.90 (3H, s), 3.85 (3H, s) ppm. '*C NMR (100 MHz, CDCl;) &: 160.1,
160.0, 148.9, 146.8, 142.7, 132.7, 130.1, 127.8, 127.2, 126.0, 125.7,
124.6, 120.2, 114.9, 114.5, 111.8, 55.4 ppm. HRMS (ESI) caled. for
Ca5H19CloN,0,8 (MH™): 481.0539; found 481.0545.

2.2.2.8. 4-(3,5-bis(4-methoxyphenyl)thiophen-2-yl)pyridine

(3bd). Yellow crystals, m.p. 120-125 °C (Ry = 0.5, Tol:EA = 1:1).
Yield: 89% 'H NMR (400 MHz, CDCl3) §: 8.47 (2H, br. s), 7.57 (2H,
d, J = 8.0Hz), 7.24-7.22 (2H, m), 7.20-7.17 (3H, m), 6.94 (2H, d,
J =8.0Hz), 6.89 (2H, d, J = 8.0Hz), 3.84 (6H, s) ppm. *C NMR
(100 MHz, CDCl5) 6: 159.8, 159.2, 149.9, 144.5, 142.3, 141.3, 137.9,
132.5,132.5, 130.1, 128.5, 127.1, 126.4, 114.5, 114.2, 55.4, 55.3 ppm.
HRMS (ESI) caled. for C3H,oNO,S (MH *): 374.1209; found 374.1212.

2.2.2.9. 2-(3,5-bis(4-methoxyphenyl)thiophen-2-yl)-1-methyl-1H-
imidazole (3be). Brown oil (Ry= 0.6, Tol:EA = 1:1). Yield: 30%. H
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Scheme 1. Fiesselmann reaction.

NMR (400 MHz, CDCl;) & 7.55 (2H, d, J = 8.0Hz), 7.38 (1H, s),
7.16-7.15 (2H, m), 7.14 (1H, s), 6.91 (2H, d, J = 8.0 Hz), 6.84-6.83
(2H, m), 6.81 (1H, s), 3.81 (3H, s), 3.77 (3H, s), 3.00 (3H, s) ppm. °C
NMR (100 MHz, CDCl3) & 159.6, 159.0, 145.4, 142.2, 141.5, 129.0,
128.9, 128.6, 127.1, 126.6, 123.4, 123.1, 121.7, 114.4, 114.2, 55.4,
55.2, 33.3 ppm. HRMS (ESI) calcd. for C22HziN20,S (MH*): 377.1318;
found 377.1312.

2.2.2.10. 2-(5-(4-methoxyphenyl)-3-(4-(trifluoromethyl)phenyl)thiophen-
2-yl)-1H-benzo[d]imidazole (3ca). Yellow crystals, m.p. 260-270 °C
(Ry = 0.4, PE:EA = 3:1). Yield: 42%. H NMR (400 MHz, DMSO-dg) &:
12.62 (1H, s), 7.82-7.67 (7H, m), 7.65-7.59 (1H, m), 7.44-7.36 (1H,
m), 7.26-7.14 (2H, m), 7.05 (2H, d, J = 8.7 Hz), 3.81 (3H, s) ppm. '3C
NMR (100 MHz, DMSO-d) & 160.1, 145.9, 145.4, 143.9, 140.6, 139.6,
135.3, 129.9, 128.5 (3Jep = 31.3 Hz), 127.5, 126.9, 126.2, 126.0 (*J¢.
F=3.7Hz), 125.8, 124.8 ("Joy=270.0Hz), 123.3, 122.3, 119.2,
115.2, 112.1, 55.8 ppm. HRMS (ESI) caled. for CasHqgFaN20S (MH*):
451.1086; found 451.1091.

2.2.2.11. 5-Chloro-2-(5-(4-methoxyphenyl)-3-(4-(trifluoromethylDphenyl)
thiophen-2-yl)-1H-benzo[d]imidazole (3 cb). Yellow crystals, m.p.
200-205°C (Ry = 0.2, CHCl5:MeCN = 98:2). Yield: 64%. 'H NMR
(400 MHz, CDCl3) &: 9.03 (1H, br. s), 7.72 (2H, d, J = 8.0 Hz), 7.69
(1H, s), 7.61 (2H, d, J = 8.0 Hz), 7.55 (2H, d, J = 8.4 Hz), 7.26-7.15
(3H, m), 7.16 (1H, s), 6.92 (2H, d, J = 8.0 Hz), 3.84 (3H, s5) ppm. '°C
NMR (100 MHz, CDCl5) §: 160.1, 147.1, 140.6, 139.4, 139.4, 130.6
(CJor = 32.6 Hz), 130.6, 129.3, 127.2, 126.2 (*Joy = 3.5Hz), 125.9,
125.7, 125.2, 125.1, 123.8 (*Jer = 270.6 Hz), 114.6, 113.7, 55.4 ppm.
HRMS (ESI) caled. for CusH,;CIFsN,0S (MH'): 485.0697; found
485.0701.

2.2.2.12. 5,6-Dichloro-2-(5-(4-methoxyphenyD)-3-(4-(trifluoromethyl)
phenylthiophen-2-yl)-1H-benzo[d]imidazole (3 cc). Yellow crystals,
m.p. 227-231°C (Ry = 0.3, CHCI;:MeCN = 98:2). Yield 62%. 'H NMR

(400 MHz, CDCl3) & 9.13 (1H, br. s), 7.76 (1H, s), 7.72 (2H, d,
J =8.0Hz), 7.60 (2H, d, J = 8.0Hz), 7.54 (2H, d, J = 8.8Hz), 7.34
(1H, s), 7.16 (1H, s), 6.92 (2H, d, J = 8.8 Hz), 3.84 (3H, s) ppm. °C
NMR (100 MHz, CDCl3) &: 160.3, 148.0, 147.6, 142.6, 141.0, 139.3,
130.9 (YJer = 32.6 Hz), 130.7, 129.3, 127.2, 126.3 (CJor = 3.5Hz),
125.5, 125.4, 125.2, 123.8 ("Jer = 270.9 Hz), 114.6, 112.0, 55.4 ppm.
HRMS (ESI) caled. for CusH,eCloFaN,0S (MH™): 519.0307; found
519.0315.

2.2.2.13. 4-(5-(4-methoxyphenyl)-3-(4-(trifluoromethyl)phenyl)thiophen-
2-ylpyridine (3cd). Amber oil (Ry = 0.3, PE:EA = 2:1). Yield: 51%. H
NMR (400 MHz, CDCl3) &: 8.47 (2H, d, J=6.0Hz), 7.52 (2H, d,
J =8.4Hz), 7.55 (2H, d, J = 8.8 Hz), 7.41 (2H, d, J = 8.0Hz), 7.22
(1H, s), 7.14 (2H, d, J = 6.0 Hz), 6.93 (2H, d, J = 8.8 Hz), 3.82 (3H, 5)
ppm. '*C NMR (100 MHz, CDCl3) &: 160.0, 149.9, 145.4, 141.7, 139.7,
139.7, 134.1, 129.7 (3o = 32.3 Hz), 129.3, 127.1, 125.9, 125.7 CJc.
¢ = 3.7Hz), 1256, 124.1 ("Jer = 270.5Hz), 123.0, 114.5, 55.4 ppm.
HRMS (ESI) caled. for Cy3H,;FsNOS (MH™'): 412.0977; found
412.0981.

2.2.2.14. 2-(3-(4-methoxyphenyl)-5-(4-(trifiuoromethyl)phenyl)thiophen-
2-yl)-1H-benzo[d]imidazole (3da). Yellow crystals, m.p. 120-125 °C
(Ry = 0.4, PE:EA = 3:1). Yield: 64%. '"H NMR (400 MHz, CDCl) &: 9.49
(1H, br. s), 7.64 (2H, d, J = 8.0 Hz); 7.56 (2H, d, J = 8.0 Hz), 7.48 (2H,
br. 5), 7.36 (2H, d, J = 8.4 Hz), 7.27 (1H, s), 7.23-7.20 (2H, m), 6.91
(2H, d, J = 8.8 Hz), 3.79 (3H, s) ppm. '*C NMR (100 MHz, CDCls) &:
146.2, 143.8, 142.0, 136.7, 130.0 ((Jcp = 32.6 Hz), 130.0, 127.8,
127.7, 127.5, 126.0 (°Jor = 3.6 Hz), 125.8, 124.0 ("Jor = 270.4 Hz),
123.1, 114.7, 55.3 ppm. HRMS (ESI) calcd. for CasH;gF3N20S (MH™):
451.1086; found 451.1090.

2.2.2.15. 4-(3-(4-methoxyphenyl)-5-(4-(trifiuoromethyl)phenyl)thiophen-
2-ylpyridine (3dd). Yellow crystals, m.p. 120-125°C (R;= 0.3,
Tol:EA = 2:1). Yield: 67%. "H NMR (400 MHz, CDCl,) &: 8.50 (2H, d,
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J=6.0Hz), 7.74 (2H, d, J = 8.4Hz), 7.66 (2H, d, J = 8.4 Hz), 7.41
(1H, s), 7.24 (2H, d, J = 8.8 Hz), 7.22 (2H, d, J = 6.0 Hz), 6.90 (2H, d,
J = 8.8Hz), 3.84 (3H, s) ppm. *C NMR (100 MHz, CDCl) §: 159.4,
149.9, 142.4, 141.9, 141.5, 137.0, 134.9, 130.1, 129.9 (3J.
¢ = 32.5Hz), 128.4, 127.9, 126.1 (*Jop = 3.7 Hz), 125.8, 124.0 ("J.
¢ = 270.1 Hz), 114.3, 55.3 ppm. HRMS (ESI) caled. for Cy3H;;FsNOS
(MH"): 412.0977; found 412.0981.

2.2.2.16. 2-(3,5-bis(4-(triftuoromethyl)phenylthiophen-2-yl)-1H-benzo
[d]imidazole (3ea). Yellow crystals, m.p. 130-135 °C (R;= 0.5,
PE:EA = 4:1). Yield: 44%. 'H NMR (400 MHz, CDCl3) &: 9.17 (1H, br.
s), 7.53-7.49 (5H, m), 7.47-7.42 (5H, m), 7.26-7.21 (3H, m) ppm. *C
NMR (100 MHz, CDCly) &: 145.3, 144.4, 140.6, 138.6, 136.0, 130.2
(%Jey = 33.0Hz), 130.4 (Jcp = 33.0Hz), 128.9, 128.5, 128.3, 127.9,
127.1,126.0 (*Jor = 3.7 Hz), 125.9 (*Jcr = 3.7 Hz), 125.6, 123.8 ("J.
¢ = 270.0 Hz), 123.7 ("Jey = 271.0 Hz), 123.5 ppm. HRMS (ESI) calcd.
for CasH,sFgNoS (MH *): 489.0855; found 489.0859.

2.2.2.17. 4-(3,5-bis(4-(trifluoromethyl)phenyDthiophen-2-ylpyridine
(3ed). Yellow crystals, m.p. 115-130 °C (R;= 0.4, Tol:EA = 2:1).
Yield: 50%. "H NMR (400 MHz, CDCl3) &: 8.54 (2H, d, J = 8.0Hz),
7.75 (2H, d, J=8.0Hz), 7.68 (2H, d, J=8.0Hz), 7.63 (2H, d,
J=8.0Hz), 7.44 (2H, d, J=8.0Hz), 7.44 (1H, s), 7.19 (2H, d,
J = 8.0Hz) ppm. *C NMR (100 MHz, CDCl3) & 150.1, 143.2, 141.1,
139.9, 139.1, 136.7, 136.6, 130.2 (*Jep = 33.0Hz), 130.0 (*J.
¢ = 32.0Hz), 129.3, 127.8, 126.2 (*Jp = 3.7 Hz), 125.9, 125.8 (°Jc.
F=3.7Hz), 124.0 (“Jor=271.0Hz), 124.0 ("Jcp= 270.0Hz),
123.1 ppm. HRMS (ESI) caled. for Co3H;4FsNS (MH™): 450.0746;
found 450.0751.

2.2.2.18. 2-(3,5-bis(4-(pentyloxy)phenyl)thiophen-2-yl)-1H-benzo[d]
imidazole (3fa). White powder, m.p. 95-100 °C (iPrOH). Yield: 72%.
"H NMR (400 MHz, CDCl5) &: 9.00 (1H, br. 5), 7.58 (2H, d, J = 8.6 Hz),
7.45 (2H, d, J = 8.5 Hz), 7.29 (1H, s), 7.26-7.12 (3H, m), 7.15 (1H, s),
7.02 (2H, d, J = 8.6 Hz), 6.93 (2H, d, J = 8.7 Hz), 4.08-3.95 (4H, m),
1.90-1.78 (4H, m), 1.56-1.36 (8H, m), 1.04-0.91 (6H, m) ppm. *C
NMR (100 MHz, CDCl;) &: 159.5, 159.4, 147.0, 145.9, 143.2, 141.8,
133.5, 130.1, 128.0, 127.1, 126.1, 125.6, 125.6, 123.0, 122.4, 119.3,
115.3,115.0, 110.4, 68.2, 68.1, 29.0, 28.9, 28.2, 28.2, 22.5, 22.4, 14.0,
14.0 ppm. HRMS (ESI) caled. for C33H37N205S (MH ™ ): 379.2268; found
379.2270.

2.2.2.19. (2R,35) or (25,3R)-2-(1H-benzo[d]imidazol-2-yl)-5-(4-
methoxyphenyl)-3-(4-(trifluoromethyl)phenyl)-2, 3-dihydrothiophen-3-ol
(4ca). Brown oil (R;= 0.2, PEEA = 4:1). Yield: 10%. 'H NMR
(400 MHz, CDCly) & 7.62-7.60 (4H, m), 7.55-7.52 (2H, m),
7.49-7.44 (4H, m), 6.84 (2H, d, J = 8.0Hz), 6.02 (1H, s), 5.46 (1H,
s), 3.79 (3H, s) ppm.

2.2.2.20. (2R,3S) or (25,3R)-2-(1H-benzo[d]imidazol-2-yl)-3,5-bis(4-
(trifluoromethylphenyl)-2, 3-dihydrothiophen-3-ol ~ (4ea). Brown  oil
(Rf = 0.3, PEEEA = 4:1). Yield: 50%. '"H NMR (400 MHz, CDCl) &:
7.64-7.58 (8H, m), 7.54-7.25 (4H, m), 6.23 (1H, s), 5.47 (1H, s) ppm.

2.2.2.21. (2R,35) or (253R)-5-(4-methoxyphenyl)-2-(1-methyl-1H-
imidazol-2-yl)-3-(4-(trifluoromethyl)phenyl)-2, 3-dihydrothiophen-3-ol
(4ce). Brown oil (Ry= 0.4, ToL:EA = 4:1). Yield: 38%. 'H NMR
(400 MHz, CDCly) & 7.73 (2H, d, J=8.4Hz), 7.57 (2H, d,
J=8.0Hz), 7.50 (2H, d, J=8.8Hz), 7.03 (1H, s), 6.89 (2H, d,
J = 8.8Hz), 6.82 (1H, s), 6.10 (1H, s), 5.08 (1H, s), 3.83 (3H, s),
3.42 (3H, s) ppm. '*C NMR (100 MHz, CDCl;) &: 160.4, 142.7, 141.7
("Jep = 265.0Hz), 137.8, 129.7 (JJor = 32.0 Hz), 128.8, 128.1, 127.2,
126.3, 125.1 (*Jor = 4.0Hz), 123.1, 122.0, 113.9, 88.7, 55.4, 55.3,
52.4, 32.5 ppm.

2.2.2.22. (2R,35) or (2S,3R)-3-(4-methoxyphenyl)-2-(1-methyl-1H-
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imidazol-2-y1)-5-(4-(trifluoromethyl)phenyl)-2,3-dihydrothiophen-3-ol
(4de). Brown oil (R;= 0.45, Tol:EA = 2:1). Yield: 44%.'H NMR
(400 Hz, DMSO-ds) &: 7.82 (2H, d, J=8.4Hz), 7.79 (2H, d,
J = 8.8Hz), 7.44 (2H, d, J = 8.8 Hz), 7.16 (1H, s), 6.93 (1H, s), 6.90
(2H, d, J = 8.4 Hz), 6.53 (1H, s), 5.42 (1H, 5), 3.75 (3H, 5), 3.46 (3H, 5)
ppm. *C NMR (100 MHz, DMSO-dg) &: 159.0, 142.7, 138.9 (‘Jc.
p=271.9Hz), 137.3, 129.4 (*Jop = 31.8Hz), 128.3, 127.5, 127.3,
126.7, 126.1 (CJeor = 3.6Hz), 123.4, 123.1, 113.8, 88.4, 55.5, 55.5,
53.5, 33.0 ppm.

2.2.2.23. (2R,38) or (253R)-2-(1-methyl-1H-imidazol-2-y1)-3,5-bis(4-
(trifiuoromethyl)phenyl)-2,3-dihydrothiophen-3-ol ~ (4ee). Brown  oil
(Ry = 0.3, Tol:EA = 4:1). Yield 41%. 'H NMR (400 MHz, CDCls) &
7.76 (2H, d, J = 8.0 Hz), 7.72-7.65 (6H, m), 7.62 (2H, d, J = 8.0 Hz),
7.07 (1H, s), 6.86 (1H, s), 6.33 (1H, s), 5.15 (1H, s), 3.47 (3H, s) ppm.
13C NMR (100 MHz, CDCl;) &: 142.3, 139.9 (Y = 266.0 Hz), 139.8
(WJer = 272.0Hz), 137.9, 136.5, 131.0 (3Joy = 32.0Hz), 130.0 (*Jc.
¢ = 32.0 Hz), 129.6, 129.0, 127.4, 127.0, 126.2, 125.6 (*Jey = 3.7 Hz),
125.2 {3Jc,|: = 3.7 Hz), 121.6, 88.6, 52.4, 32.5 ppm.

2.2.3. Conversion of compound 4de to compound 3de

Compound 4de (40 mg, 0.093 mmol) was refluxed in 5ml of EtOH
in the presence of 2 drops of concentrated H;SO,. Reaction was mon-
itored by TLC. After the completion of reaction, solvent was evaporated
under reduced pressure, the residue was treated with DCM and water.
Organic layer was collected, dried with Na,SO, giving 25 mg of crude
oil  2-(3-(4-methoxyphenyl)-5-(4-(trifluoromethyl)phenyl)thiophen-2-
yl)-1-methyl-1H-imidazole 3de. 'H NMR (400 MHz, CDCl,) 8: 7.76 (2H,
d, J = 8.0Hz), 7.68 (2H, d, J = 8.0Hz), 7.50 (1H, s), 7.37 (1H, d,
J=1.2Hz), 7.17 (2H, d, J = 8.0Hz), 6.99 (1H, d, J = 1.2 Hz), 6.89
(2H, d, J = 8.0 Hz), 3.83 (3H, s), 3.11 (3H, s) ppm.

3. Results and discussion

3.1. Synthesis

The diarylalkynones la-f were prepared by Sonogashira coupling
reaction of commercially available aroyl chlorides with aryl alkynes
[21]. The cross-coupling reaction proceeded in good to high yields with
substrates containing both electron-donating and electron withdrawing
substituents (Table 1). Next, the construction of thiophene ring via
Fiesselmann-type reaction [11] between alkynones and easily available
heteroarylmethanethiols was attempted.

First, we performed a short screening of solvents and bases for the
Fiesselmann cyclization. Although DBU is routinely used as a base in
the cyclization, in our hands the reaction between alkynone 1b and
thiol 2a in refluxing ethanol in the presence of 1 equiv. of DBU gave
only 19% of the desired thiophene 3ba (Table 2, entry 1). The yield of
3ba was increased up to 37% and 51% when excess of thiol 2a (3 and 6

Table 1
The synthesis of alkynones 1.
o o}
/
=
/©/LLC\ N /©/ EtsN O S
PACI(PPhy),,
Ry RZ Cul Ry o
1a-f 2
Entry Ry R, Product (yield, %)
1 H H 1a (98)
2 OMe OMe 1b (78)
3 CFy OMe 1e (80)
4 OMe CF3 1d (62)
5 CFy CFy 1e (60)
6 OCsHy, OCsH,, 1f (71)
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Table 2
Optimization of the Fiesselmann reaction conditions.
OMe MeQ
\ P
N
= 1 Vs
. @ 5 0.eq DBU 4
"N SH  EtoH, reflux N )
SN H @ Y]
= 1.5 N 57
1b l # ( 2 e " oa D
OM .- a P
¢ S ome
# Deviation from initial conditions Yield, %
1 None' 19
2 3eqof 2a 37
3 6 eq of 2a 51
4 THF instead of EtOH 63
5 DMF instead of EtOH 54
6 NaOH instead of DBU 92

* Initial reaction conditions: 1.0 equiv. DBU, 1.0 equiv. 1b, 1.5 equiv. 2a,
EtOH, reflux.

equiv, respectively) was used (Table 2, entries 2-3). However the iso-
lation and purification of the product became challenging. Change of
the solvent to THF or DMF did not improve the conversion (Table 2,
entries 4-5). After extensive screening of various bases and solvents we
were pleased to find that the yield of thiophene 3ba can be increased to
92% by the use of sodium or potassium hydroxide in ethanol (Table 2,
entry 6).

With optimized reaction conditions in hand, we elaborated on the
scope of alkynones and thiols (Table 3, entries 1-9). Yields of thio-
phenes 3 depended on the electronic nature of both alkynones and
thiols, The highest yield (92%) was observed for the most electron rich
methoxy-substituted alkynone 1b (Table 3, entry 2). In contrast, the
lowest yields (42-44%) were observed for the electron deficient alky-
nones 1c,e bearing trifluoromethyl substituents (Table 3, entries 3, 5).
Similar relationship between electronic effects and yields of thiophenes
was observed for thiols, with the more electron deficient thiol 2b pro-
viding lower yields than 2a (Table 3, entries 1-2 vs entries 7-8).

In the meantime, the use of thiols in the Fiesselmann thiophene
synthesis is compromised by their inherent toxicity and propensity to
oxidize to disulfide side-products that decreases yields of the desired
thiophenes and complicates their purification. We were pleased to find
that the more stable, easy-to-handle and readily available (see
Experimental Section 2.2.1) carbamimidothioates 2c-e can be used as
an alternative to thiols in the Fiesselmann-type cyclization (Table 3,
entries 10-19) affording the desired thiophenes in low to high yields.
Interestingly, the reactions between alkynones 1c,e and thiol 2a
(Table 3, entries 3 and 5) furnished intermediates 4ca and 4ea as major
products. In addition, the methylimidazole (2e) ring-bearing starting
material exclusively provided dihydrothiophen-3-ols 4ce-ee instead of
the desired thiophenes 3ce-ee even after prolonged heating (Table 3,
entries 20-22). Gratifyingly, all of the intermediates 4 can be dehy-
drated into the corresponding thiophenes 3 by the heating of acidified
solutions (see example in Experimental Section 2.2.3). Slow dehydra-
tion process was also observed in DMSO solution after several weeks.

3.2. Photophysical properties

Photophysical properties of thiophenes 3 (Table 4) were studied in
MeCN solution at ca. 10~ ®M concentration. UV/Vis Absorption and
emission spectra were measured under ambient atmosphere and at
room temperature (for attenuation coefficients see SI page SI56). PLQY
were measured using an integrating sphere. To evaluate the electronic
effects on the emission in both solution and solid state, thiophene 3aa
(Table 4, entry 1) was chosen as a benchmark compound. The presence
of EDG in both positions 3 and 5 resulted in a decrease in the solution

Table 3
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The Fiesselmann type reaction between alkynones 1 and thiols or thioates 2.

Ry

Entry  Starting material

RCH,8X

Product (Yield,
%)

1 1a (R, = R, = H)  MNeg 3aa (62)
2 1b (R, = R, = OCH;) Ty 2a 3ba (92)
3 1c (R; = CF;, N7 3ca (42), 4ca
Ra = -OCH3) (10)
4 1d (R, = OCHj, 3da (64)
R, = CFs)
5 le (R, = Ry = CFy) 3ea (44), dea
(50)
6 1£ (R = Ry = OCsHyy) 3fa (72)
7 1a Mo g 3ab (55)
8 b C‘,{ \wn 2k 3bb (58)
9 I 4 3cb (64)
10 1a NH 3ac (60)
11 1b Ny~ SJi\NH, 3be (74)
12 1c o— N\ nm e 2¢ 3ec (62)
a’
13 la NH 3ad (67)
14 b S \SJL.Nszd 3bd (89)
15 1c N e 3ed (51)
16 1d 3dd (67)
17 1e 3ed (50)
18 la Pﬁ 3ae (13), 4ae
N ~ a7y’
19 1b Q\jq/\s NHgle 3be (30)
20 1e N~ 2Ha 4ce (38)
21 1d 4de (44)
22 le 4ee (41)

“ Inseparable mixture, yields calculated via 'H NMR integration.

PLQY, but a substantial increase in the solid state PLQY (Table 4, entry
2). However, the introduction of EWG in the position 3 and EDG in the
position 5 resulted in a considerable increase of PLQY in the solution
(Table 4, entry 3) and in the solid state PLQY. Mutual exchange of the
EWG and EDG substituents resulted in a decrease in both the solution
and the solid state PLQY (Table 4, entry 4). If both aryl moieties in
positions 3 and 5 possess EWGs substituents, the solution PLQY is in-
creased, but the solid state PLQY is lowered (Table 4, entry 5). In-
troduction of OCsH,, groups in the positions 3 and 5 of aryl moieties
(Table 4, entry 6) gave similar results as compared to the unsubstituted
Ph groups. Thus, we can conclude that the introduction of EWG-sub-
stituted arenes in position 3 and EDG-substituted aromatic moieties in
position 5 of the thiophene ring results in higher PLQY in thiophenes 3.

Next, the electronic properties of the benzimidazole core were al-
tered by introducing chloro substituents (Table 4, entries 7-12). The
PLQY increased when relatively electron deficient chloro-benzimida-
zoles 3 ab-cb and 3ac-cc were present in the molecule. The highest
PLQY in solution (82.6%) and solid state (30.9%) was observed for 3 cc
with the most electron deficient benzimidazole core in a series. We also
wanted to see whether the attachment of heterocycles other than ben-
zimidazole to the position 2 of thiophene would affect the PLQY. Thus,
the pyridine and N-methylimidazole was introduced in the position 2
(Table 4, entries 13-18). A sharp decrease of PLQY was observed for
luminophores bearing pyridine and N-methylimidazole substituent,
highlighting the importance of the benzimidazole subunit. However,
3ed (Table 4, entry 15) still possessed relatively high (33.9%) PLQY in
solution, possibly owing to the proper choice of EWG in the position 3
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Table 4
Photophysical properties of thiophenes 3.

Entry Compound A max (abs), nm" 2 max (em), nm"” Stokes shifts (nm) QY, % (solution) QY, % (solid)

1 237, 266, 347 433 sn; 86 38.9 8.5
456 sd

2 235, 278, 356 445 sn; 89 28.0 17.0
467 sd

3 234, 274, 358 454 sn; 96 77.5 22.0
459 sd

4 238, 280, 354 444 sn; 90 28.6 4.5
457 sd

5 238, 272, 352 442 sn; S0 53.5 21
512 sd

6 234, 280, 356 441 sn; 85 33.8 1.8
464 sd

7 235, 266, 350 435 sn; 85 45.0 17.5
459 sd

8 234, 280, 360 445 sn; 85 42.5 11.6
463 sd

9 235, 274, 360 460sn; 100 77.4 30.6
467 sd

10 232, 268, 355 434 sn; 79 63.1 52.2
475 sd

11 234, 280, 368 467 sn; 99 34.6 15.1
465 sd

12 236, 275, 365 462sn; 97 82.6 30.9
478 sd

13 265, 329 416 sn; 87 2.1 2.0
414 sd

14 252, 280, 340 440 sn; 100 4.0 0.9
538 sd

(continued on next page)
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Table 4 (continued)
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Entry Compound A max (abs), nm* A max (em), nm” Stokes shifts (nm) QY, % (solution) QY, % (solid)
15 236, 270, 340 460 sn; 120 33.9 11.9
550 sd
16 242, 284, 332 436 sn; 104 1.9 8.4
436, 525 sd
17 240, 268, 326 406 sn; 80 2.0 6.1
446 sd
18 236, 272, 318 420 102 14 NA

“ Absorption bands in bold correspond to the excitation wavelength.

> Emission spectra written in solution, otherwise indicated as Sn-in solution or Sd-in solid state.
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Fig. 2. Solvatochromism (A), viscosity (B), oxygen quenching (C) and variable temperature experiments (D) for 3cd.

and EDG in the position 5 of the thiophene core. Additionally, ag-
gregation induced emission enhancement (AIEE) was also observed for
3dd and 3ed.

The benzimidazole ring-containing compounds showed three char-
acteristic absorption bands at 232-238 (band 1); 266-280 (band 2) and
347-368 (band 3) nm respectively (Table 4, entries 1-12). However,
only one broad emission band with maxima at 433-467 nm was ob-
served in MeCN solutions for these compounds. The presence of elec-
tron-donating substituent in the 5-aryl ring resulted in bathochromic
shift of absorption bands 2 and 3 as well as of the emission peak
maxima. This becomes clear by comparing 3ac (Table 4, entry 10) and
3bc (Table 4, entry 11), where introduction of electron-donating sub-
stituents results in the shift of absorption band 2 from 268 to 280 nm,
and the shift of absorption band 3 from 355 to 368 nm. In addition,

emission maxima were also shifted from 434 to 467 nm, when going
from 3ac to 3bc. Similar bathochromic shifts were observed for 2-
pyridinyl thiophenes bearing electron-rich 4-methoxyphenyl sub-
stituent in various positions of the thiophene subunit (Table 4, entries
14-16). Stokes shifts for all materials were in the range of 79-120 nm
(see Table 4).

All thiophenes in MeCN solution feature broad emission peaks
without any distinctive bands (Table 4). The broad nature of emission
peaks is indicative of twisted intramolecular charge transfer (TICT)
phenomenon [24]. To verify whether TICT is responsible for the ob-
served emission, a solvatochromism study was conducted because
sensitivity of TICT towards solvent effects is well-known [24,25].
Thiophene 3cd was used in the solvatochromism study due to higher
solubility and relatively high intensity of the emission (33.9% PLQY,
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entry 15, Table 4). The emission maxima for 3ed featured a shift from
440 nm in dioxane to 468 nm in DMSO (Fig. 2A), thus providing an
evidence for the TICT. TICT states are also highly susceptible to visc-
osity of a solvent: enhanced emission is generally observed in solvents
with higher viscosity [26]. Accordingly, the emission intensity of 3cd
was measured in various EtOH/glycerine mixtures (Fig. 2B). The ob-
served correlation between the emission intensity and the viscosity of
the solvent provided further support of TICT.

To verify the presence of triplet states in thiophene luminophores
the intensity of 3cd was measured in aerated and nitrogen-purged so-
lutions. The observed similar emission intensity in both solutions
(Fig. 2C) indicated that the triplet states, which would be quenched by
oxygen, do not participate in the emission [27]. Furthermore, the
emission intensity of 3cd increased when temperature was lowered
from 293 to 233K (Fig. 2D). Both experiments provide evidence that
singlet states are responsible for the emission and that these materials
do not possess thermally activated delayed fluorescence character [28].

4. Conclusions

In summary, we have demonstrated that odorless, stable, easy-to-
handle and readily available S-alkyl thioureas can be used as sulphur-
containing building blocks for the assembly of 2,3,5-trisubstituted
thiophene luminophores via the Fiesselmann type reaction. We have
shown that the introduction of electron deficient arenes in position 3
and electron rich arenes in position 5 of the thiophene core not only
results in enhancement of PLQYs to 83% for benzimidazole-containing
luminophores, but also enhances PLQY of the less emissive, pyridine-
containing thiophenes by more than an order of magnitude. Viscosity,
solvatochromism and oxygen quenching experiments provided evi-
dence that the observed emission of thiophenes 3 originates from TICT
and singlet emissive states. Finally, we believe that the established
correlation between the electronic properties of substituents and effi-
ciency of luminescence will facilitate wider application of monomeric
thiophenes in the design of luminophores.
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