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Sequential Triple Cross-Coupling towards Synthesis of

2.,4,5-Trisarylthiazoles

Michael Schniirch
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Abstract

Tris-arylated thiazoles were obtained via a simple and efficient protocol starting from tribromo-thiazole in a single
operation without intermediate isolation of mono- or bis-arylated intermediates. This protocol showed higher yield
as compared to a sequential protocol with isolation of all intermediates. The utility of the method was demonstrated
on the synthesis of pharmaceutically relevant thiazolo-neurodazine, an analog of the cell-differentiating compound

neurodazine.

Keywords: Suzuki-Miyaura coupling, Boronic acids, Palladium, Thiazole

Triarylated 1,3-azoles play an important role in
pharmaceutical chemistry due to their abundance in many
biologically active compounds and natural products.[!]
Consequently, short and efficient syntheses of such
motives enabling rapid and diversity driven compound
preparation are highly desirable. Traditionally 1,3-azole
derivatives are synthesized via cyclization reactions
(condensations) from suitable starting materials.[?}3]
These starting materials usually determine the substitution
pattern of the resulting ring system since in most cases
the substituents have to be present already in the building
blocks prior to cyclization. As a consequence, a slight
structural change of the final product may require the
synthesis of appropriate starting materials which makes
the synthesis of even small compound libraries quite
elaborate.

Alternatively, cross-coupling strategies enable direct
introduction of aryl substituents on many heterocyclic
cores; this opens the possibility to achieve structural
variations from a common starting material accelerating
library synthesis and, hence, facilitating structure
activity relationship studies.[*) In recent years, different
protocols for the preparation of triarylated thiazoles were
published using either cross-coupling reactionsi®MOH! or

C-H activation chemistry.[SFELOLI0N However, all these
methods were not applicable for further streamlining
the synthesis towards a one pot protocol, as they
rather required isolation of the mono- and bis-arylated
intermediates. Such a one pot protocol would be a facile,
time and atom efficient method since purification between
synthetic steps can be avoided.!'!] Although such a
protocol would be highly desirable, it is rarely seen in
the literature, so far, since it is difficult to achieve site
selectivity under slightly changing reaction conditions.
Consequently, addressing and improving such selectivity
issues in cascade coupling process is currently receiving
substantial interest among the community of synthetic
medicinal chemists.l'?) Langer et al. have successfully
demonstrated such one pot syntheses on challenging
substrates in context of selectivity issues.!!3LH4LI15]
With respect to this work we managed to expand this
application onto thiazole, benefiting of the speed, the
simplicity, the atom-efficiency and the resulting high
yields of a one-pot protocol. Herein, we present a site-
selective, sequential cross-coupling procedure starting
from readily available 2,4,5-tribromothiazole 1 towards
2,4,5-triarylated thiazoles 4 without the purification of
intermediate products.
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Scheme 1. Stepwise versus semi one-pot synthesis of triarylated thiazoles

To develop an operationally simple one-pot protocol,
it is necessary to use similar or ideally identical reaction
conditions for each individual cross-coupling step. To
identify such reaction conditions, we initially investigated
each step separately (Scheme 1). One premise of our
studies was that a commercially available and cheap
catalyst should be used in order to make the protocol
appealing and easy to use for any synthetic chemist. The
most convenient catalyst in this regard is most likely
Pd(PPh3)4 since it is one of the cheapest Pd-catalysts
and proved to be effective on thiazole systems already
also in our hands.!'®! Since the method should be applied
especially for library synthesis for structure activity
relationship studies, we focused our investigations on the
Suzuki-Miyaura cross-coupling protocol based on the
large number of commercially available boronic acids
and the fact that these building blocks are non-toxic in
contrast to the corresponding stannanes.!'’]

Br.
I N+
\
Br S‘)\Br

1 (1 equiv)

B(OH),

1 equiv

We started by screening reaction conditions
for the arylation at the most reactive position C2
of tribromothiazole 1 using Pd(PPh3)4 as catalyst,
3-tolylboronic acid as aryl donor at 120 °C (Scheme 2).
Three different examples of solvents were chosen
representing different polarities (toluene, DME, DMF),
as well as three different bases: Cs2CO3 and K2COs3
(both 2 M aqueous solution) were selected since they are
frequently employed in cross-coupling chemistry;4ab[18]
additionally, NEt3 was tested in order to use a
homogenous and cost efficient organic base, as well.
We found toluene to be superior to the other solvents
independent of the base applied. DMF was significantly
less efficient and DME did not give reasonable
conversion, at all. Regarding the base, KoCOs3 turned out
to be most effective to give 90% conversion in toluene
after 4 hours.

Pd(PPhgz)4 5mol%,
2.5 equiv. base,
solvent, 120 C

I

Scheme 2. Stepwise versus semi one-pot synthesis of triarylated thiazoles

Subsequently, we attempted to use the same
conditions for coupling in C5- and C4-positions. This
step was optimized using 4-methoxyphenylboronic acid
to facilitate reaction monitoring by spectroscopic and
chromatographic methods. Unfortunately, full conversion
was never observed (maximum 45%) when toluene was
employed as solvent. From previous work in our group
it was already established that a solvent mixture of
DME:water (3:1) and NaHCO3 as base performs well for
coupling either the C5- or the C4-position of thiazole!!]
and we decided to use these conditions for further
investigations. It seems that more polar conditions favor
cross-coupling in positions 5 and 4; this is corroborated

by our finding that a significant amount of 2,5-bisarylated
by-product is formed when polar solvents were
used. Even though this requires for a solvent change,
development of an operational facile protocol avoiding
intermediate purification is still possible by simply
evaporating toluene and adding the new solvent mixture
to ensure efficient coupling into position 5.

Finally, these reaction conditions were applied to
the synthesis of 2,4,5-triarylated thiazoles. Initially, the
2-aryl-4,5-dibromothiazoles 2 as well as the 4-bromo-
2,5-bisarylthiazoles 3 were isolated in order to obtain
reference materials for the one-pot protocol and also to
determine overall yields of the three step process for

|



TCIMAIL No. 185 | Autumn 2020

comparison with the one-pot protocol. Within the first
example we used phenylboronic acid in the first coupling
step to give 4,5-dibromo-2-phenylthiazole 2b in 50%
yield. For the second step 4-methoxyphenylboronic acid
was applied to give a similar yield of 51% of 3a. The final
cross-coupling with 3-tolylboronic acid afforded 62%
of the triarylated thiazole 4b which corresponds to 16%
overall yield. Compound 4j was also prepared in 48%
yield (step 1: 49%; steps 2&3 99%) using such a stepwise
protocol including intermediate isolation.

We then streamlined the protocol avoiding
intermediate purification. Since a different solvent is
used in the first vs. the second and third coupling step the

solvent and base had to be changed in between steps 1
and 2. After some optimization, best results were obtained
when the reaction solution was filtered through a pad
of Celite after the first coupling step and solvent was
evaporated (an adapter for directly attaching reaction vials
to a rotavap was used). Upon addition of the new solvent
mixture (DME:water 3:1), base (NaHCO3), and another
5 mol% catalyst the second and third reaction step were
successfully performed by adding the corresponding
boronic acids. This represents a good compromise
between operational simplicity, reaction rate, and cross-
coupling selectivity.

Table 1. Triarylated thiazoles prepared via sequential arylation of tribromothiazole

Entry Ar' Ar? Ar’ Product Yield [%]
1 Ph Ph Ph 4a 50
2 Ph 4-MeOCsH4 3-MeCsH4 4b 42 (16)
3 Ph 3-MeCsH4 4-MeOCsH4 4c 41
4 3-MeCsH4 4-MeOCsH4 Ph 4d 46
5 3-MeCsH4 Ph 4-MeOCsH4 4e 50
6 4-MeOCsH4 Ph 3-MeCsH4 4f 44
7 4-MeOCsHa 3-MeCeHs Ph 4g 41 (31)
8 Ph 4-MeOCsH4 3-NO2CsH4 4h 54
9 Ph 3-NO2CsH4 4-MeOCsHa 4i 42
10 2-furanyl 4-MeOCsH4 4-MeOCsHa 4j 65 (48)

We applied this semi-one-pot protocol to the synthesis
of a series of triarylated thiazoles (Table 1). Initially, we
simply used phenylboronic acid for all three coupling steps
and isolated 2,4,5-triphenylthiazole 4a in 50% yield which
would correspond to a good 79% yield for each individual
step (entry 1). The simplified protocol was applied to
the synthesis of 4b and 4j giving higher yields in much
shorter reaction times (entries 2 & 10); we attribute these
improvements to significantly lower losses of product upon
workup and purification. To demonstrate the utility of the
method for library synthesis, we prepared all six possible
permutations of triarylated thiazoles 4b-4g using the three
boronic acids phenyl-, 3-tolyl-, and 4-methoxyphenylboronic
acid. Yield via the simplified protocol are very reproducible
yields (average 40-50%) showing that the order in which the
different boronic acids are added does not have a significant
influence on the efficiency of the coupling (entries 2-7).
Even electron withdrawing substituents (e.g. NO2) were well
tolerated and compounds 4h and 4i were isolated in 54% and
42% yield.

Finally, we wanted to use this methodology also in
the synthesis of a compound with potentially interesting

biological activity: Neurodazine was recently discovered
as agent to partially transform a skeletal muscle progenitor
cell line (C2C12, mouse) into neurons.?°! The compound
contains a triarylated imidazole ring as central motif.
Since only a partial transformation towards neuronal cells
was reported, this lead compound offers room for further
improvement of biological activity. In an effort to approach
this issue, we became interested in studying different
heterocyclic scaffold starting with the synthesis of the
thiazole analog of Neurodazine as a demonstration example
of the above outlined cascade coupling methodology
(Scheme 3). The triarylated precursor necessary for
“thiazolo-Neurodazine” was prepared via the stepwise
protocol in 48% overall yield. When employing the
simplified semi-one-pot protocol an overall yield of 65%
was obtained for 4j, which corresponds to an excellent 86%
yield per individual coupling step. To complete the synthesis
of thiazolo-Neurodazine 4j had to be brominated in position
5 of the furyl ring using NBS (81% yield). Finally, 5 was
cross-coupled with 3-chlorophenylboronic acid to give the
target compound 6 (70% yield).
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Scheme 3. Synthesis of thiazolo-Neurodazine

In conclusion an operationally simple protocol for
the synthesis of triarylated thiazoles was developed. The
target compounds were obtained in higher yields in the
semi-one-pot protocol compared to a stepwise procedure.
The utility for library synthesis was demonstrated by
synthesizing all possible permutations of a combination

Exemplary experimental procedures

of three different boronic acids. Additionally, thiazolo-
Neurodazine was prepared as an interesting target
molecule via the developed methodology. Additional
investigations regarding the substrate profile and further
improving the selectivity for each coupling step are under
way in our laboratory.

General procedure for triarylations in one-pot exemplified for 2-(4-methoxyphenyl)-5-phenyl-4-(3-

methylphenyl)thiazole (4¢)

An 8 mL vial was charged with
2,4,5-tribromothiazole 1 (1 equiv., 177 mg, 0.55 mmol),
4-methoxyphenylboronic acid (1 equiv., 84 mg, 0.55
mmol), K2CO3 (2.5 equiv., 1.38 mmol, 0.69 mL 2 M
solution), Pd(PPh3)4 (0.05 equiv., 32 mg, 0.0275 mmol)
and toluene (6 mL). The solution was heated at 120 °C
over a period of 20 h until reaction control via GC-MS
showed complete consumption of the starting material.
The reaction mixture was then allowed to cool to rt,
before it was filtrated through celite. The solution was
concentrated and re-dissolved in 6 mL of a DME/water
mixture (3:1). Phenylboronic acid (1 equiv., 67 mg,
0.55 mmol), NaHCO3 (3.3 equiv., 153 mg, 1.82 mmol)

and Pd(PPh3)4 (5 mol%, 32 mg) were added. The
mixture was heated to 120 °C for another 20 h. Then
3-methylphenylboronic acid (1.5 equiv., 112 mg, 0.83
mmol) was added at around 80 °C and the reaction
mixture was again heated to 120 °C for 20 h. After
cooling to room-temperature the solution was filtrated
through celite product 4e was purified via column
chromatography to afford 87 mg (44%) of a yellow oil.
'H-NMR (CDCls, 200 MHz): & = 2.25 (s, 3H), 3.82
(s, 3H), 7.03-7.36 (m, 11H), 7.91 (d, J = 8.61 Hz, 2H);
BC-NMR (CDCl3, 50 MHz): 8 = 21.0, 55.3, 114.5, 125.6,
125.7, 127.6, 128.0, 128.3, 128.5, 128.8, 129.2, 129.3,
131.4,131.5,134.4,137.4, 149.9, 161.0, 164.4.

One-pot protocol towards 2-(Furan-2-yl)-4,5-bis-(4-methoxyphenyl)thiazole (4j)

Compound 4j was obtained according to the
general procedure above using 2-furylboronic acid
(1 equiv., 260 mg, 2.32 mmol) in the first step and
4-methoxyphenylboronic acid (2.25 equiv., 795 mg, 5.23
mmol) in the second step to afford 549 mg 4j as light
brown solid in 65 % yield. mp: 121-124 °C. 'H NMR

(CDCl3, 200 MHz): & = 3.81 (s, 3H), 3.82 (s, 3H), 6.54
(dd, J' = 3.52 Hz, J? = 1.96 Hz, 1H), 6.78-6.92 (m, 4H),
6.99-7.06 (m, 1H), 7.23-7.36 (m, 2H), 7.43-7.59 (m, 3H);
13C NMR (CDCls, 50 MHz): § = 55.2, 55.3, 108.6, 112.2,
113.7, 114.2, 124.1, 127.5, 130.3, 130.8, 131.1, 143.4,
149.1, 150.0, 154.9, 159.2, 159.5.

|
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Synthesis of 2-(5-bromofuran-2-yl)-4,5-bis-(4-methoxyphenyl)-thiazole (5)

Substrate 4j (549 mg, 1.51mmol) was dissolved in 20 mL
dry DMF and NBS (1.1 equiv., 296 mg, 1.66 mmol)
was added in portions at -3 °C. After complete addition
the reaction mixture was stirred at -3 °C for 10 minutes
before it was warmed to rt. After complete consumption
of 4j (monitored via TLC) the solvent was evaporated and
the crude material purified by column chromatography
(LP/EtOAc=10:1) to afford 542 mg (81%) of 5 as yellow

solid. mp: 150-153 °C. '"H-NMR (CDCls, 200 MHz):
§ = 3.80 (s, 3H), 3.82 (s, 3H), 6.46 (d, ] = 3.52 Hz, 1H),
6.78-6.91 (m, 4H), 6.98 (d, J = 3.5 Hz), 7.28 (d, J = 8.80
Hz, 2H), 7.48 (d, J = 8.80 Hz, 2H); '*C-NMR (CDCl3, 50
MHz) § = 55.2, 55.3, 110.8, 113.7, 114.1, 114.2, 123.3,
123.9, 127.2, 130.3, 130.8, 131.5, 150.0, 150.9, 153.6,
159.3, 159.6.

Synthesis of 2-[5-(3-chlorophenyl)furan-2-yl]-4,5-bis-(4-methoxyphenyl)thiazole (6)

3-Chlorophenylboronic acid (1.1 equiv., 66 mg, 0.46
mmol), bromide 5§ (1 equiv., 187 mg, 0.42 mmol), dry
Cs2CO0s3 (2 equiv., 273 mg, 0.84 mmol) and Pd(PPh3)4
(5 mol%, 24 mg) were dissolved in 6 mL dry toluene
and heated at 120 °C for 24 h. The reaction mixture was
cooled to room temperature, filtered through celite and the
solvent was evaporated. The crude material was subjected
to column chromatography (LP/EtOAc= 4:1) to afford
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3-Methylphenylboronic Acid 19 5g 25¢g M1314
Tetrakis(triphenylphosphine)palladium(0) 19 59 25¢g T1350
2-Furylboronic Acid 19 59 F0394
Potassium Carbonate 3009 P1748
4-Methoxyphenylboronic Acid 59 25¢g M1252
Sodium Hydrogen Carbonate 300g S0561
N-Bromosuccinimide 25¢g 100g 5009 B0656
3-Chlorophenylboronic Acid 59 25¢g C1613
Cesium Carbonate 259 100g C2160
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TCI Product Feature

High-Performance Small-Molecule Semiconductors for

Solution-Processed and/or Vacuum-Evaporated
n-Channel Organic Transistors: TU-1, TU-3

The organic semiconductors TU-1 and TU-3 have been developed by Tokito’s group at the Research Center for
Organic Electronics in Yamagata University. TU-1 and TU-3 can be used in vacuum-evaporated and/or solution-
processed high-performance organic field-effect transistors (OFETs) with electron mobilities of over 1 cm?/Vs.!™®
TU-1 and TU-3 (product number: T3922 and T3924) are evaluated through in-house device assessments to ensure the
semiconductor performance of OFET devices for the reliable use of these materials.

Advantages of TU-1 and TU-3

» Electron mobility >1 cm?/Vs

* Solution-processable and/or vacuum-evaporable

* Applicable to complementary circuits>®

* Quality specification by electron mobility of OFET devices

Example: Application to complementary circuits

Figure 1. Photographs of complementary organic circuit using TU-3. (Pictures provided by Asst. Prof. Yasunori Takeda.)

Characteristics of TU-1 and TU-3

Figure 2. Structures of TU-1 and TU-3
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Table 1. Optoelectronic and thermogravimetric characteristics of TU-1 and TU-3

Compound HOMO® LUMO ¥ HOMO ®) LUMO Y abs. peak © Td 9
(eV) (eV) (eV) (eV) (nm) (°C)

TU-1 -5.44 -4.15 -5.58 -4.05 375,707 422
TU-3 -5.56 -4.24 - -4.12 385, 722 393

a) Calculated by DFT at Gaussian09 B3LYP/6-311++G(d,p), b) determined by cyclic voltammetry measurement, c) thin film, d) 5% weight loss.

TU-1 TU-3
a) c)
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o = —
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N 05 o 05 <
£ g
2 E
(<}
4
0.0 0.0 : . : . . -
300 400 500 600 700 800 900 1000 0 5 10 15 20 25 300 400 500 600 700 800 900 1000 0 5 10 15 20 25
Wavelength (nm) Gy () Wavelength (nm) q,, (nm)

Figure 3. Thin-film UV-vis spectra (a, ¢) and 2D-GIXD patterns (b, d) of TU-1 and TU-3.

Table 2. Solubility of TU-1

Solvent Temperature Concentration
(°C) 0.03 wt% 0.05 wt% 0.1 wt% 0.3 wt%
Toluene 100 o o o
Mesitylene 130 o o o o
Chlorobenzene 130 o o o
o-Dichlorobenzene 130 o o

Table 3. Solubility of TU-3

Solvent Temperature Concentration
°C) 0.1 wt% 0.2 wt% 0.3 wt%
Xylene 100 o o o
Anisole 100 o o
Chloroform 60 o o
Chlorobenzene 80 o o o
o-Dichlorobenzene 600 ------------------------------- o o

Performance evaluation of TU-1 and TU-3

TU-1-based device (fabricated by vacuum deposition method)

1. ODTS SAM layer was formed on n*-Si / SiO2 (200 nm) substrate.

2. Vacuum deposition of TU-1 (substrate temperature: 60 °C, deposition rate: 0.1 A/sec, film thickness: 40 nm).
3. Vacuum deposition of Au electrode (thickness, 40 nm; channel length, 50 um; channel width, 1.5 mm).

4. Annealing treatment at 150 °C for 30 min in nitrogen glove box.

5. Device performance evaluation in nitrogen glove box.

TU-3-based device (fabricated by spin coating method)

Cross-linked poly vinyl phenol insulator was formed on n*-Si / SiO2 (200 nm) substrate.

TU-3 was dissolved in chloroform at concentration of 0.1wt%.

Spin-casting of TU-3 in nitrogen glove box (rotation speed: 1000 RPM, film thickness 20 nm).
Annealing treatment at 180 °C for 30 min in nitrogen glove box.

Vacuum deposition of Au electrode (thickness: 40 nm, channel length: 50 pm, channel width 1.5 mm).
Device performance evaluation in nitrogen glove box.

SAENANF
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Figure 4. Transfer curves (a, ¢) and output curves (b, d) for TU-1- and TU-3-based OFETs.

Table 4. OFET characteristics of TU-1, TU-3-based devices

Solvent Insulator Vsp [V] Have. [em?/Vs] Hmax [em?/Vs] V1 [V] on/off
Si02 20 0.31 (0.01) 0.33 6.5(0.2) ~106
- Si02 40 0.45 (0.01) 0.46 9.6 (0.1) ~107
(vacuum deposition)
SiO2/ ODTS 20 0.88 (0.18) 1.18 -1.1(2.6) ~103
; SiO2 20 0.21 (0.03) 0.26 11.9 (0.4) ~10°
TU- .
. . SiO2 / cPVP 20 0.51(0.03) 0.55 5.0(0.1) ~10°
(spin coating)
SiO2 / cPVP 100 1.03 (0.14) 1.25 5.3(1.3) ~10°

The product specifications of TU-1 and TU-3 are the electron mobilities of >0.50 cm?/Vs in OFET devices.

References

1) M. Mamada, H. Shima, Y. Yoneda, T. Shimano, N. Yamada, K. Kakita, T. Machida, Y. Tanaka, S. Aotsuka, D. Kumaki, S. Tokito,
Chem. Mater. 2015, 27, 141.

2) Y. Takeda, K. Hayasaka, R. Shiwaku, K. Yokosawa, T. Shiba, M. Mamada, D. Kumaki, K. Fukuda, S. Tokito, Sci. Rep. 2016, 6,
25714.

3) K. Hayasaka, H. Matsui, Y. Takeda, R. Shiwaku, Y. Tanaka, T. Shiba, D. Kumaki, S. Tokito, Adv. Electron. Mater. 2017, 3,
1700208.

4) Y. Takeda, Y. Yoshimura, R. Shiwaku, K. Hayasaka, T. Sekine, T. Okamoto, H. Matsui, D. Kumaki, Y. Katayama, S. Tokito, 4dv.
Electron. Mater. 2018, 4, 1700313.

5) H. Matsui, K. Hayasaka, Y. Takeda, R. Shiwaku, J. Kwon, S. Tokito, Sci. Rep. 2018, 8, 8§980.

6) Y. Takeda, T. Sekine, R. Shiwaku, T. Murase, H. Matsui, D. Kumaki, S. Tokito, App!. Sci. 2018, &, 1331.

7) J. Kwon, Y. Takeda, R. Shiwaku, S. Tokito, K. Cho, S. Jung, Nat. Commun. 2019, 10, 54.

8) Y. Takeda, T. Sekine, Y.-F. Wang, T. Okamoto, H. Matsui, D. Kumaki, S. Tokito, ACS Appl. Electron. Mater. 2020, 2, 763.

TU-1 and TU-3 were developed by Tokito-Kumaki-Sekine laboratory in Yamagata University and commercialized with
the cooperation of Future Ink Corporation.

The pictures and part of physical property data were provided by Tokito-Kumaki-Sekine laboratory in Yamagata
University and Future Ink Corporation.

Products Organic Solvents

TU1 100mg 250mg T3922 Toluene 100mL T0260

TU-3 100mg 250mg T3924 p-Xylene 25mL 500mL X0014
Mesitylene 25mL 500mL TO0470

High Quality p-Type Semiconductor Anisole 259 500g A0492

Ph-BTBT-10 100mg 250mg D5491 Chloroform (stabilized with Ethanol) 100mL C0175
Chlorobenzene 500g C1948

Surface Treatment Regents o-Dichlorobenzene 25mL 500mL D1116

Octadecyltrichlorosilane (ODTS) (>99.0%) 1g T3815

n-Octyltrichlorosilane (OTS) 25g 250g 00168

1,1,1,3,3,3-Hexamethyldisilazane (HMDS)  25mL 100mL 500mL HO0089



https://www.tcichemicals.com/p/T3922
https://www.tcichemicals.com/p/T3924
https://www.tcichemicals.com/p/D5491
https://www.tcichemicals.com/p/T3815
https://www.tcichemicals.com/p/O0168
https://www.tcichemicals.com/p/H0089
https://www.tcichemicals.com/p/T0260
https://www.tcichemicals.com/p/X0014
https://www.tcichemicals.com/p/T0470
https://www.tcichemicals.com/p/A0492
https://www.tcichemicals.com/p/C0175
https://www.tcichemicals.com/p/C1948
https://www.tcichemicals.com/p/D1116
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New Product Information

Reagent for the Formation of Borylcyclopropanes

2-(Diiodomethyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1) Product Number: D5906

1g

2-(Diiodomethyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1) is a reagent for the synthesis of multisubstituted

cyclopropane rings. Charette’s group reported the generation of carbenoids from 1 with ethylzinc trifluoroacetate

and further transformation through the Simmons-Smith reaction.?) In addition, Takai et al. reported the

borylcyclopropanation of unactivated alkenes with 1 in the presence of chromium(ll) chloride and TMEDA.2) The
obtained borylcyclopropanes can be further functionalized from the boronic ester moiety.

CHs CHg
CHs CHj3 1)

. .
R EtZnOCOCF, Bpin

o. O 3 i
R1J§/\OPG . ~g” R RO&M\OPG
R2 )\ R! R?

PG: protecting group : 1

1
2
RS CrCl, Bpin )
J\ TMEDA s X
R ﬁ
R _— .
R2 R! R?

References
1) G. Benoit, A. B. Charette, J. Am. Chem. Soc. 2017, 139, 1364.
2) M. Murai, C. Mizuta, R. Taniguchi, K. Takai, Org. Lett. 2017, 19, 6104.

Related Product
N,N,N',N-Tetramethylethylenediamine (TMEDA) 25mL 100mL 500mL T0147

Reagent for the Formation of Alkenylboronic Acid Esters

2-(Dichloromethyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1) Product Number: D4615
1g
The Takai reaction using 2-(dichloromethyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane (1) and aldehydes affords the
corresponding alkenylboronic acid esters under mild conditions. The reaction proceeds under neutral conditions at
room temperature to afford the corresponding E-alkenylboronic acid esters in high yield and stereoselectivity. Although
the reaction requires an excess amount of chromium(ll) chloride, this can be decreased to a catalytic amount by using
manganese as a reducing agent. It has been reported that bi-functionalized polyenes, which are difficult to synthesize
using other methods, can be produced under mild conditions and applied to the synthesis of natural products.2)

CrCly (excess), Lil 1)
CH3; CHgy or
CH3HCH3 CrCl, (cat.), Mn, Lil CHs
TMSCI CHs
R-CHO + o0 — . o) CHa
B THF B
)\ R/\/ e) CHs
Cl Cl
1
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1 Men
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VN e VS
Bussn” NN~ °J§<C“3

!
XX B
BU3SI’1/\/\/\/ ~0 CHs,
References
1) (a) K. Takai, N. Shinomiya, H. Kaihara, N. Yoshida, T. Moriwake, K. Utimoto, Synlett 1995, 9, 963.
(b) K. Takai, Y. Kunisada, Y. Tachibana, N. Yamaji, E. Nakatani, Bull. Chem. Soc. Jpn. 2004, 77, 1581.
2) R.S. Coleman, X. Lu, I. Modolo, J. Am. Chem. Soc. 2007, 13, 3826.

Related Product
Chlorotrimethylsilane 25mL 100mL 500mL C0306


https://www.tcichemicals.com/p/T0147
https://www.tcichemicals.com/p/D4615
https://www.tcichemicals.com/p/C0306
https://www.tcichemicals.com/p/D5906
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Metallo-supramolecular Polymer Applicable for Electrochromic (EC) Light Control Glass \i

Poly(Fe-btpyb) Purple (1) Product Number: P2789
19

Light-control glass containing an electrochromic (EC) material is capable of electrically-driven variable color
transparency and is attracting attention as a next-generation smart glass with applications to blinds and curtains.
Conventional EC materials are generally composed of inorganic tungsten oxides and organic viologen materials.
Recently, metallo-supramolecular polymers for EC materials have also been reported.

Poly(Fe-btpyb) Purple (1) is one such metallo-supramolecular polymer containing Fe ions. It was developed by
Higuchi et al.?) and its color changes based on the oxidation state (Figure 1). Fabrication of films using 1 is possible
by a wet process, large-area, low-cost production of EC devices is expected using this material. The transparency of
the glass at different wavelengths can be controlled an electrical voltage. EC devices fabricated using 1 have high
color responsivity, and maintain their color thein the absence of an applied voltage (memory effect), which leads to
low power consumption.

2AcO- _n

Poly(Fe-btpyb) Purple (1)

0V vs. Ag/Ag* 1.2V vs. Ag/Ag*

Figure 1. Color change of Poly(Fe-btpyb) Purple (1) (Working: an ITO glass coated with Poly(Fe-btpyb)
Purple, Counter: Pt wire; Reference: Ag/Ag+; Electrolyte: an acetonitrile solution with LiClIO4)

This product is intended to be used for research and development. If you need to order for commercial use,
please contact National Institute for Materials Science.

Reference
1) M. Higuchi, J. Mater. Chem. C 2014, 2, 9331.


https://www.tcichemicals.com/p/P2789
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Alkyl lodide Initiators for Organocatalyzed Living Radical Polymerization =

Ethyl a-lodophenylacetate (1) Product Number: E1200
5g 25¢g

2-lodo-2-methylpropionitrile (2) Product Number: 10954
1g 59

Ethyl 2-lodo-2-methylpropionate (3) Product Number: E1199
5g 25¢g

Ethyl 2-lodopropionate (4) Product Number: E1198
5g 25¢g

Living radical polymerization can control molecular weight far better than conventional radical polymerization, but
it requires a toxic transition-metal catalyst, which remains in the product. To solve this problem, Goto et al. reported
that alkyl iodides (1-4) can act as efficient initiators for organocatalyzed living radical polymerization.’-3) Metal-free,
low polydisperse polymers could be obtained by this method utilizing monomers with an appropriate alkyl iodide and
an organocatalyst such as BNPI and BNI (Figures 1, 2). They also reported the polymerization method using azide
anions as a catalyst and an azide source for one-pot synthesis of polymers with an azido group at the terminal,4 and
green conditions using a bulk or green solvent;? the use of these initiators is currently expanding.

Initiator

monomer A alkyl lodide M
e P — %0
©0® o o0
organic catalyst
low-polydispersity
polymer

Figure 1. The scheme of living radical polymerization.
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Figure 2. The range of proper initiators and catalysts for each monomers

References
1) a) L. Lei, M. Tanishima, A. Goto, H. Kaji, Y. Yamaguchi, H. Komatsu, T. Jitsukawa, M. Miyamoto, Macromolecules 2014, 47, 6610.
b) A. Goto, T. Fukuda, Y. Tsujii, US 7399814, 2008.
c) A. Goto, PCT Int. Appl. WO 2015122404, 2015.
2) A. Goto, A. Ohtsuki, H. Ohfuji, M. Tanishima, H. Kaji, J. Am. Chem. Soc. 2013, 135, 11131.
3) A. Ohtsuki, L. Lei, M. Tanishima, A. Goto, H. Kaji, J. Am. Chem. Soc. 2015, 137, 5610.
4) C.-G. Wang, A. Goto, J. Am. Chem. Soc. 2017, 139, 10551.
5) C.-G. Wang, F. Hanindita, A. Goto, ACS Macro Lett. 2018, 7, 263.

Related Products

Butyl Acrylate (BA) 25mL 500mL A0142
Methyl Methacrylate (MMA) 25mL 500mL M0087
Tributylmethylphosphonium lodide (PMBI) 59 25¢g M1455
Tetrabutylammonium lodide (BNI) 25¢g 100g 5009 TO057
Sodium Azide 100g S0489

13I


https://www.tcichemicals.com/p/E1200
https://www.tcichemicals.com/p/I0954
https://www.tcichemicals.com/p/E1199
https://www.tcichemicals.com/p/E1198
https://www.tcichemicals.com/p/A0142
https://www.tcichemicals.com/p/M0087
https://www.tcichemicals.com/p/M1455
https://www.tcichemicals.com/p/T0057
https://www.tcichemicals.com/p/S0489
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High-performance Fullerene Derivatives with a Fulleropyrrolidine Unit \i

N,2-Diphenyl[60]fulleropyrrolidine (1) Product Number: D5757
100mg
N-Phenyl-2-hexyl[60]fulleropyrrolidine (2) Product Number: P2744
100mg

Fullerene is a well-known major n-type organic semiconductor used in organic electronics devices. Solution-
processable n-type organic semiconductors have been developed by functionalization of fullerene. Aso et al.
developed fullerene derivatives with fulleropyrrolidine units (1, 2), and reported a photovoltaic performance
comparable to that for the conventional methanofullerene derivative, PCBM." It is expected that the manufacturing
cost of fulleropyrrolidine derivatives will be low because of the short synthesis process.

Organic photovoltaics (OPVs) offer advantages such as light weight, mechanical flexibility, solution processability,
and large-area manufacturing capability. Additionally, OPVs have a high absorption coefficient and a tunable
absorption range, making them suitable for indoor applications, similar to robust inorganic silicon solar cells.
Recently, Yasuda et al. reported a high power conversion efficiency for OPVs containing a bulk heterojunction using
1 and small molecular donors or macromolecular donors under indoor light.2.3)

(CH2)5CH3

References

1) M. Karakawa, T. Nagai, K. Adachi, Y. le, Y. Aso, J. Mater. Chem. A 2014, 2, 20889.

2) R. Arai, S. Furukawa, N. Sato, T. Yasuda, J. Mater. Chem. A 2019, 7, 20187.

3) R. Arai, S. Furukawa, Y. Hidaka, H. Komiyama, T. Yasuda, ACS Appl. Mater. Interfaces 2019, 11, 9259.

Related Product
[6,6]-Phenyl-Cg-butyric Acid Methyl Ester (PCBM) 100mg M2088



https://www.tcichemicals.com/p/D5757
https://www.tcichemicals.com/p/P2744
https://www.tcichemicals.com/p/M2088
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Endoglycoceramidase (EGCase): Glycosphingolipid-hydrolyzing Enzyme |5°

rEGCase | (1) Product Number: R0240
300 mU/vial
rEGCase | assisted by Activator Il (2) Product Number: R0241
300 mUl/vial
rEGCase Il (3) Product Number: R0242
100 mUl/vial
rEGCase Il assisted by Activator Il (4) Product Number: R0243
100 mU/vial

Endoglycoceramidases (EGCases) derived from the genus Rhodococcus are endo-type hydrolases reported
by Ito et al.,") and work under detergent-containing reactive conditions in vitro. For preparation of analytical
oligosaccharide samples cleaved from glycolipids extracted from cells, recombinant EGCase (rEGCase Il) (3) is the
enzyme that has generally been used.2) Moreover, rEGCase | (1) is capabile of releasing ceramides from organic
glucosylceramide.3 To strip oligosaccharides from the surface of living cells without detergent reagents, the mixture
reagents, rEGCase |l assisted by Activator Il (4) and rEGCase | assisted by Activator Il (2) are helpful because
Activator Il replaces the surfactant as the enzyme-activating protein.4.5

Ganglioside GM,
o oH EGCase (Endoglycoceramidase)

OH OH rEGCase | (1) (2)
0 0 rEGCase Il (3) (4)

OH NHAC le)
HO OH  HOOC OH OH )L
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References

1) M. lto, T. Yamagata, J. Biol. Chem. 1986, 261, 14278.

2) M. lto, T. Yamagata, J. Biol. Chem. 1989, 264, 9510.

3) Y. Ishibashi, U. Kobayashi, A. Hijikata, K. Sakaguchi, H. M. Goda, T. Tamura, N. Okino, M. Ito, J. Lipid Res. 2012, 53, 2242.

4) M. lto, Y. Ikegami, T. Tai, T. Yamagata, Eur. J. Biochem. 1993, 218, 637.

5) M. Ito, Y. Ikegami, T. Yamagata, Eur. J. Biochem. 1993, 218, 645.
These enzymes were commercialized under license from National Institute of Advanced Industrial Science and
Technology (AIST). Host actinomycete was used for enzyme production under license from Kyushu University.

Related Products
Ganglioside GM4 Please contact us. G0483
TRITON™ X-100 (n=approx. 10) 59 25g P1775
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Ordering and TClI EUROPE N.V. Tokyo Chemical Industry UK Lid.
. Tel  :+432(0)3 73507 00 Tel  :+44 (0)1865 784560
Customer Service Fax  :+32(0)3 735 07 01 Fax  :+44 (0)1865 784561
E-mail : Sales-EU@TCIchemicals.com E-mail : Sales-UK@TCIchemicals.com
TCl AMERICA TCI Deutschland GmbH TCI Chemicals (India) Pvt. Lid.
Tel  :800-423-8616 / 503-283-1681 Tel  :+49 (0)6196 64053-00 Tel  :1800 425 7889 / 044-2262 0909
Fax  :888-520-1075 / 503-283-1987 Fax  :+49 (0)6196 64053-01 Fax  :044-2262 8902
E-mail : Sales-US@TCIchemicals.com E-mail : Sales-DE@TCIchemicals.com E-mail : Sales-IN@TCIchemicals.com

« The chemical, physical and toxicological properties of some chemicals have not been thoroughly investigated. Please handle with care.
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TOKYO CHEMICAL INDUSTRY CO., LTD.
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E-mail : globalbusiness@TCIchemicals.com

« Chemicals itemized in this catalog are for research and testing purposes only. According to patent laws, use of listed chemicals outside of research and testing, voids any guarantees to properly work.

« Availability or specifications of the listed products are subject to change without prior notice.
« Reproduction is strictly forbidden without prior written consent from Tokyo Chemical Industry Co., Ltd.
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