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 Controlled radical polymerization, also known as 
living radical polymerization, has made significant advances 
during the last three decades and has revolutionized the 
development of polymeric materials.[1,2] While atom 
transfer radical polymerization (ATRP) and reversible 
addition-fragmentation chain transfer polymerization 
(RAFT) are the most popular methods, the present authors 
have independently developed organotellurium-mediated 
radical polymerization (TERP) and have implemented it 
in society through industry-academic collaborations.[3–6] 
TERP fulfills five important technological requirements, 
which are the keys to its success: 1) high versatility for 
applicable monomers with different reactivities, 2) high 
compatibility toward polar functional groups, 3) high 
flexibility in copolymer synthesis, 4) high diversity in end-

group transformations, and 5) high reliability in largescale 
synthesis. In this article, the features of TERP related to 
1–4) will be discussed. Until recently, controlled radical 
polymerization was limited to synthesizing polymers 
with linear structures. However, the authors have recently 
succeeded in synthesizing hyperbranched polymers 
with controlled structures by developing monomers 
that selectively induce branching. This result will also 
be discussed. The controlled radical polymerization 
methods reported so far cannot completely prevent the 
termination reaction. Therefore, it should be noted that 
IUPAC recommends not using the term “living radical 
polymerization” for this method but instead using the term 
“reversible deactivation radical polymerization (RDRP).[7]

 The key mechanism of RDRP is reversible radical 
formation from a radical precursor P-X (P = polymer, 
X = capping group or atom), called the dormant species 
(Figure 1a).[2,3] A P radical generated from the dormant 
species reacts with a monomer to form a chain-elongated 
P radical, which is then deactivated to a dormant species. 
This is different from the formation of dead polymers 
by the termination reaction in conventional radical 
polymerization in that the dormant species can regenerate 
radicals again after its deactivation. In other words, the 

propagating end is “living” in the form of the dormant 
species. The equilibrium is heavily shifted to the dormant 
species, which reduces the concentration of P radicals. 
Thus, the probability of the termination reaction occurring 
is significantly reduced (but not completely eliminated, 
as noted earlier). Furthermore, if the deactivation occurs 
faster than or as fast as the propagation reaction, all 
polymer chains grow at approximately equal rates. 
The molecular weight of the resulting polymer is pre-
determined by the monomer/chain transfer agent (or 

1. Introduction

2. Polymerization mechanism and polymerization conditions
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Figure 1. a) General mechanism of RDRP, b) DC mechanism, c) DT mechanism, and d) mechanism involving ditelluride. 
P and P’ stand for polymer and X for capping group; in TERP X = TeR1.

initiator) ratio with low dispersity (narrow molecular 
weight distribution), which is a characteristic feature of a 
living polymerization.
 Two mechanisms are known to realize the equilibrium 
shown in Figure 1a: the dissociation-combination (DC) 
mechanism (Figure 1b) and the degenerative chain transfer 
(DT) mechanism (Figure 1c). In the DC mechanism, the 
formation of P and X radicals by C-X homolysis is the 
activation step, and the recombination of the formed radical 
pairs is the deactivation step. In the DT mechanism, on the 

other hand, the substitution reaction between a P radical 
and a dormant species results in simultaneous deactivation 
of the P radical and activation of the dormant species. 
For example, ATRP proceeds by the DC mechanism (a 
high-valent metal formed by the reduction of a dormant 
species, e.g., Cu(II)X2, is the X-radical equivalent), and 
RAFT proceeds by the DT mechanism. TERP proceeds 
predominantly by the DT mechanism, but the DC 
mechanism can also be involved[8,9] depending on the 
polymerization conditions for TERP.

 TERP can be carried out under three conditions: 1) 
a thermal condition by heating the TERP chain transfer 
agent (CTA) and monomers,[4,10] 2) a thermal condition 
by adding an azo initiator to condition 1),[8] and 3) a photo 
condition by irradiating a mixture of TERP CTA and 
monomers with light.[11,12] In condition 1), the initiating 
radicals are supplied by thermal dissociation of the C-Te 
bond of the dormant species, i.e., the DC mechanism, and 
polymerization proceeds mainly by the DT mechanism. The 
condition is suitable for polymerizing styrene and dienes, 
which have a low C-Te bond dissociation energy for the 
dormant species and a slow propagation rate.[4,11] Under 
condition 2), thermal decomposition of the azo initiator 
provides the initiating radicals, and polymerization 

proceeds only by the DT mechanism. This condition is 
highly versatile since the polymerization temperature 
can be set according to the decomposition temperature 
of the azo initiator and the reactivity of the monomer. 
Under condition 3), the initiating radicals are supplied by 
photocleavage of the C-Te bond. Since it is important to 
keep a low concentration of radicals, low-intensity light, 
such as that from an LED with a power of several watts, 
is suitable.[11,13] In addition, polymerization can be carried 
out at low temperatures, even below room temperature, 
and the progress of polymerization can be controlled by 
turning the light on and off (Figure 2). Therefore, this 
condition has unique advantages.
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Figure 2. Time control of polymerization by turning the light on and off

 The structures of typical CTAs of TERP are shown 
in Figure 3. To achieve controlled polymerization, the 
initiation reaction must occur as fast as or faster than 
the propagation reaction. Since the radicals generated 
from CTAs 1, 2, and 3 are stable and sufficiently reactive 
toward the monomer, these CTAs generally give excellent 
results.[4,10,15] Among these, 1 having a polymethacrylate-
end structure is the most frequently used CTA. On the 
other hand, 4 with a polyacrylic-end structure[16] and 
5 with a poly(vinyl ether)-end structure[17] are less 
efficient than 1 for control because the radicals generated 
from them are less stable than that from 1. However, 
polymerization using these CTAs can be reasonably well 
controlled.

 The substituent effect of R1 on tellurium is small.[18] 
Aromatic groups such as phenyl group show higher 
reactivity for the DT reaction than alkyl groups such as 
methyl and butyl groups, and thus, in principle, exhibit 
better polymerization control. However, since the 
difference in control is small, there is no need for extra 
caution in most cases. 
 As for the ester substituent R2, methyl esters and 
ethyl esters (1a, 1b) are often used in homogeneous 
polymerization. On the other hand, by condensing the 
carboxylic acid of 1c with various amines, various CTAs 
with functional groups can be synthesized, such as 6 
with amino acids and multivalent CTA 7. This allows for 
variation in the initiating end structure of the polymer 

 Note that the addition of a ditelluride is necessary to 
achieve high polymerization control in the polymerization 
of methacrylates. [10] Ditel luride reacts with the 
propagating P radical and deactivates it to the dormant 
species about 100 times faster than the DT mechanism 
(Figure 1d).[14] In addition, the generated tellanyl radical 
(R1Te·) is virtually unreactive toward the monomer 

while reacting with the dormant species to regenerate 
the P radical and the ditelluride. This fast and selective 
deactivation allows for better control of polymerization in 
methacrylate polymerization. In contrast, polymerization 
of acrylate is greatly inhibited by the presence of 
ditelluride, since activation of the polyacrylate-dormant 
species by the tellanyl radical is insufficient.

3. TERP chain transfer agent (CTA)
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Figure 3. Chemical structures of a) typical CTAs and b) functional CTAs for TERP

(Figure 3b).[19] Furthermore, treatment of 1c with a base, 
such as NaOH, generates water-soluble carboxylate 1d for 
use in emulsion polymerization in water.[20] In addition, 
by immobilizing the CTA using silyl groups, 1e[21] can be 
used for graft polymerization from a surface.
 1~5 can be synthesized in a single step by tellanyl 

anions and corresponding organohalides. They are 
sensitive to oxygen but can be stored for a long time 
under an inert atmosphere. CTAs 1, 2, and 3 are now 
available from TCI, and we hope that this will expand 
the use of TERP.
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Figure 4. Typical examples of polymerization using TERP. The structure of the monomers and the number-average molecular weight (Mn) and 
dispersity (Ð) of the resulting polymers are shown. *Ditelluride is added in the polymerization of methacrylate monomers.

TeTe ν

 TERP has excellent functional group compatibility, 
including a highly reactive isocyanate group.[8,11,16,25,29] 
Bronsted and Lewis acids are also compatible. Therefore, 
simultaneous control of stereochemistry and molecular 
weight is possible by TERP of acrylamides in the presence 
of a lanthanide triflate as a catalyst, which is effective 

for stereo-controlled polymerization of acrylamides 
(Figure 5).[30-32] The advantages of TERP have also been 
demonstrated in the synthesis of polymer monoliths and 
surface-initiated polymerization.[33–35]

 4.1 Synthesis of homopolymers under homogeneous 
polymerization. The most significant feature of TERP is 
its high monomer versatility: monomers with different 
reactivities, from conjugated to non-conjugated monomers, 
can be polymerized in a controlled manner using the same 
CTA, resulting in a polymer with a molecular weight (Mn) 
close to the theoretical value with narrow dispersity (Ð) 
(Figure 4).[4,8,10,11,21–28] This is the advantage of TERP, 

in contrast to ATRP and RAFT where the ligand of the 
catalyst and CTA must be appropriately selected according 
to the monomer. The monomer conversion usually reaches 
over 90%, which is also synthetically attractive. Even in 
the polymerization of ethylene, in which activation of the 
dormant species is most difficult, polymerization can be 
controlled under low ethylene pressure and mild thermal 
conditions.[27]

4. Polymer engineering with TERP
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Figure 6. a) Polymerization of MMA by emulsion polymerization and b) solution behavior before and after polymerization
*Brij® is a trademark of Croda Americas LLC.

Figure 5. Dual control of stereochemistry and molecular weight

 4.2. Emulsion TERP. TERP can be carried out 
by emulsion polymerization in water due to the high 
tolerance of organotellurium compounds to water. Micro-
emulsion polymerization with hydrophobic TERP CTAs, 
such as 1B,[36,37] polymerization-induced self-association 
(PISA) with macro-CTAs having hydrophilic oligomeric 
chains,[38–40] and ab initio emulsion polymerization using 
water-soluble CTA 1d in the presence of a surfactant 
have been reported (Figure 6).[20,41] In the latter case, 

polymerization proceeds by irradiation with either 
low-intensity visible light or by thermal conditions. 
Traditionally, photopolymerization has been considered 
difficult because light does not penetrate emulsions. We 
believe that photo-induced emulsion polymerization 
becomes possible due to the high permeability of visible 
light and high photosensitivity of the organotellurium 
compounds.[19]

TCIMAIL  No. 197  l  Autumn 2024 Autumn 2024  l  No. 197  TCIMAIL



8

Figure 7. Typical results of block copolymer synthesis: a) block copolymer composed of conjugated and non-conjugated monomers, 
b) block copolymer with high molecular weight, and c) block copolymer with conversion of mechanism from radical to cationic polymerization.

 High-molecular-weight polymers can be obtained 
not only by homopolymerization but also by block 
copolymerization using emulsion polymerization 
(Figure 7b).[20,41] Since the macro-CTA obtained in the 

first polymerization is dispersed in water as particles, 
there is no need to homogenize the macro-CTA and the 
second monomer, unlike in homogeneous conditions. 
Therefore, block polymerization can be started simply by 

 4.3. Synthesis of Copolymers. RDRP can be used 
to synthesize block copolymers by sequential addition 
of monomers, similar to other living polymerization 
methods, but the synthesis usually suffers from the 
order of monomer addition. However, TERP has fewer 
limitations than other RDRP methods. For example, 
when two monomers are selected from the representative 
conjugated monomers, i.e., styrene, acrylate, and 
methacrylate, all possible AB-diblock copolymers can 
be synthesized regardless of the order of monomers 
used. [10] The synthesis of block copolymers from 

conjugated and non-conjugated monomers is usually 
highly challenging due to the different reactivities of 
the monomers. However, even such a combination is 
possible with TERP, and several block copolymers have 
already been synthesized,[22,43][25] including a block 
copolymer consisting of N-vinylformamide (NVF) and 
N,N-dimethylacrylamide (Figure 7a).[28] Since the formyl 
group of PNVF can be selectively hydrolyzed under mild 
conditions, copolymers with polyvinylamine as a block 
can be synthesized without affecting the amide groups.[28]

 Since the emulsion polymerization condition 
suppresses the termination reaction due to the segregation 
effect, high-molecular-weight polymers can be synthesized 
using emulsion TERP. In particular, the use of 1Dd and 
1Ed with hydrophilic ethylene glycol groups instead of 
1Ad with a Me group as the R1 group is effective, and 
polymerization of butyl acrylate (BA)[41] and styrene[42] 

gives the corresponding homopolymers with Mn over 
500,000 and 1,000,000, respectively, and low dispersity. 
The high monomer conversion (>90%) is observed even 
in the synthesis of these ultra-high molecular weight 
polymers, and this is advantageous in practical use, 
including the synthesis of block copolymers shown in the 
next section.
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 4 . 4 .  C o n v e r s i o n  o f  p o l y m e r e n d s .  S i n c e 
organotellurium compounds are excellent precursors not 
only for carbon-centered radicals but also for carbanions 
and carbocations, various transformations of the dormant 
end are possible (Figure 8a).[4] Such transformations 
usually proceed with high efficiency, thus various 
functional groups can be introduced at the polymer ends. 
 The most popular reaction is the radical-mediated 
reduction. Not only tin hydride, a typical reducing 
agent,[4] but also thiols and tellurols, which are generally 
less efficient reducing agents, can be used due to the high 
reactivity of the organotellurium compounds.[48,49] The 
polymer end can be selectively deuterated by employing 
the corresponding deuterated reducing agents. The chain 
reaction proceeds by irradiation with low-intensity light 
or addition of an azo initiator. Radical-mediated allylation 

using allylstannane is also possible.[4]

 As the concentration of radicals generated from 
the dormant species increases with increasing light 
intensity, radical-radical coupling reactions take place by 
irradiation with high-intensity light, such as from a high-
pressure mercury lamp. For example, using functionalized 
TEMPO derivatives as the coupling partner, various 
functional groups can be introduced to the polymer end.
[11,50–52] Diene-mediated dimerization also takes place 
when photo-activation of the dormant species is carried 
out in the presence of dienes, even those with functional 
groups.[53,54] For example, after coupling using a diene 
with hydroxy groups, the introduced hydroxy groups  
can be used for further synthetic transformations, such as 
the polymerization of lactide, giving a miktoarm polymer 
with a controlled structure (Figure 8b).

adding the second monomer after the conversion of the 
first monomer. 
 Vinyl ethers and α-olefins do not homopolymerize 
but copolymerize with acrylate monomers. TERP shows 
excellent polymerization control in such copolymerizations. 
For example, alternating copolymers with a controlled 
structure can be synthesized by copolymerization of vinyl 
ethers and acrylic monomers by using an excess amount 
of vinyl ethers (Figure 7c).[44,45] Furthermore, since the 

copolymer has an alkoxy group at the propagating end, the 
addition of a Lewis acid, such as BF3∙OEt2, initiates living 
cationic polymerization of the remaining vinyl ether, 
resulting in the formation of the corresponding block 
copolymer. Controlled copolymerization of α-olefins and 
acrylate monomers in the presence of a Brønsted acid also 
takes place, and the acid increases the feed of α-olefins 
into the copolymer.[46,47]
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Figure 8. Versatility of polymer end group transformations. a) General schemes for conversions under radical or ionic conditions and b) synthesis of 
miktoarm polymer using radical coupling reactions and subsequent polymerization. P and “El” denote polymer and electrophiles, respectively.

 Conversion of the dormant end to a carbanion 
is possible by a transmetallation reaction, even if the 
dormant polymers possess polar functional groups, such 
as poly(meth)acrylates and poly(meth)acrylamides, due to 
the high reactivity of the organotellurium group.[4,55,56] The 
resulting carbanions can react with various electrophiles, 

including carbonyl compounds and carbon dioxide, to 
introduce polar functional groups, which are difficult to 
introduce by radical reactions. Electrophilic activation is 
also possible, and the transformation using Friedel-Crafts 
reactions has already been reported.[57]
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Figure 9. a) Synthesis of HBP using vinyl telluride 8 and b) ideal schematic structure of product 
and polymerization results (using methyl acrylate [MA] as monomer)

 Hyperbranched polymers (HBPs) have characteristic 
properties such as smaller hydrodynamic volume, lower 
intrinsic viscosity, and a larger number of terminal 
substituents than linear polymers. Therefore, HBPs 
have attracted much attention in both basic and applied 
research.[58–61] Self-condensing polymerization using an 
inimer, a term coined for a monomer with an initiator 
function, has been used to synthesize HBPs under radical 

polymerization.[62–67] However, control of the three-
dimensional (3D) structure, including molecular weight, 
distribution, and branch structure, cannot be achieved 
except under special conditions. In contrast, the authors 
have developed a new method by designing vinyl telluride 
8 as a branch-inducing monomer for the synthesis of HBP 
9 with a controlled 3D structure (Figure 9a).[49]

5. Controlled synthesis of hyperbranched polymers
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 TERP satisfies the required technical elements to 
create high-value-added polymer materials at a high level. 
In addition, the structure-controlled synthesis of HBPs 
presented in the last section opens up a new possibility for 

using HBPs to produce polymeric materials with improved 
and/or new properties. We hope that TERP will become 
more popular in the future and contribute to society by 
being used to create superior functional materials.
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 The key feature of 8 is that the strength of its C-Te 
bond changes significantly after it has reacted as a 
monomer to form 10. Since generation of the vinyl radical 
from 8 is unfavorable, 8 does not serve as an initiator. 
However, after 8 has acted as a monomer, the resulting 10 
can generate stable alkyl radicals. Sequential activation of 
the C-Te bonds from 10 leads to the branched structure in 
9 through intermediate 11. Indeed, theoretical calculations 
suggest that the C-Te bond dissociation energies for 10 
and 11 are about 50 kJ mol-1 lower than that for 8.
 A characteristic feature of this method is that the 
number of branches and the branching density can be 
controlled arbitrarily by changing the ratio of CTA (1), 
8, and acrylate monomers. For example, controlling the 
“generation,” which is the hierarchical structure present 
in dendrimers, can be controlled by the 8/1 ratio, whereas 
the molecular weight can be controlled by the monomer/1 
ratio. Figure 9b shows the ideal schematic structure of 
HBPs when varying the 8/1 ratio to 3, 15, and 63. The 

table in Figure 9b also summarizes the polymerization 
results when setting the monomer/1 ratio to 500. The 
molecular weight determined by SEC becomes smaller 
than the theoretical molecular weight as the number of 
branches increases, while the absolute molecular weight 
determined by the multi-angle laser light scattering 
(MALS) detector is close to the theoretical value. 
This is consistent with the fact that the hydrodynamic 
volume of the polymer is reduced due to the branched 
structure. Note that the dispersity (Ð) of the synthesized 
HBPs has a larger value than that of linear polymers. 
Recent simulations have shown that this is due to the 
distribution of the number of branches.[68] In addition, the 
controlled synthesis of hyperbranched polystyrene[50] and 
hyperbranched MMA[69] becomes possible by changing 
the structure of the vinyl telluride. We are currently 
working to apply this method to the fabrication of polymer 
materials, and we hope to introduce the results in the near 
future. 

6. Summary
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Chemistry Chat

When a Teacher Is at a Loss in High School

Toyo University Keihoku Senior High School

Hiroyuki Onuki

  In the previous chat,1 I introduced the difficulty of 
keeping up with the changes in high school chemistry. In 
this paper, I reluctantly disclose examples of how I am at a 
loss regarding what to do when students ask me questions 

that I cannot answer appropriately. If I had sufficient 
knowledge and experience, I could promptly satisfy the 
students.

 In Japanese high schools, students learn how to 
measure molecular weight (or formula weight) using the 
following four methods2:

- Gas equation (Dumas method)
- Elevation of boiling point
- Depression of freezing point
- Osmotic pressure

 The appropriate method must be selected according 
to the compound, and these methods are not always 
realistic because we have to consume a sample in grams 
(exceptions apply). Moreover, it is difficult to obtain 
accurate molecular weights because special techniques 
are required to avoid technical errors. As a result, the 
experiment is no longer a measurement of molecular 
weight but a competition involving measurement skills. 
We often receive requests from students who want to 
accurately determine molecular and formula weights using 

smaller quantities and simpler methods. However, this is 
not easy with these methods, thus I am at a loss how to 
respond to students.
 In Japanese high school textbooks, mass spectrometry 
is not described in detail, only appearing in a topic 
section.2 If Japanese students in general courses 
encountered a mass spectrometer, it would make a great 
impact on them because of its simplicity and accuracy. On 
the other hand, in the International Baccalaureate course, 
students learn practical mass spectrometry.3 To my great 
surprise, interpretation of electron-impact mass spectra 
was given in the Common Test for University Admissions 
in Japan, 2024.4 Even though cognitive thinking is 
important, I will be at a loss how to answer the Exam 
coverage when students ask me.

1. Introduction

2. Which is the best method for measuring molecular weight?

 Students and colleagues often ask this question, but 
I am at a loss because I do not have any answers.  The 
names of organic compounds that are popular in our daily 
life often terminate with an [n] pronunciation and have the 
following suffixes:

-  Hydrocarbons : -ane, -ene, -yne (e. g., methane, 
polyethylene, toluene)

-  Nitrogen-containing compounds: -in, -ine (e.g., glycine, 
adenine, caffeine)

-  Antibiotics: -in (e.g., streptomycin, penicillin)

3. Why do so many compound names end in “[n]”?
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 The definition of “amount of substance” was 
changed in 2019,6a and we have to change its explanation 
accordingly. However, an experienced teacher in our 
school insisted that a conventional explanation would be 
more understandable to students than the updated one:
(Previous Explanation)6b

The mole is the amount of substance in a system that 
contains as many elementary entities as there are atoms 
in 0.012 kilogram of carbon 12; its symbol is “mol”. 
The number of 12C atoms in 12 g of carbon 12 was 
experimentally determined as 6.02...×1023 /mol, which 
is called the Avogadro constant, NA.  The Avogadro 
constant and standard of mass (kilogram) were 
determined independently and contain errors.

(Current Explanation)6a

One mole contains exactly 6.02214076 × 1023 

elementary entities. This number is the fixed numerical 
value of the Avogadro constant, NA, when expressed in 
mol−1. 
In other words, we determined that one mole is a 
collection of exactly 6.02214076 × 1023 particles. 
Consequently, the mass of one mole of carbon 12 was 
revised to 11.9999999958 g.

 Even after the change, the mass of one mole of 12C 
atoms is the same as before, within the range of significant 
decimal places used in high school chemistry (usually up 
to three digits). I introduce only the current definition to 
my students and omit the historical background to avoid 
confusion and to save class time. We must proceed to the 
next difficult topic, a stoichiometry calculation. I usually 
agonize over whether or not I should tell them the history.

 Every day I encounter topics that are difficult 
for a high school teacher to explain, but many topics 
are probably obvious to experts. From an educational 
standpoint, it is a good way to entrust questions to students 

so they can find answers.  However, as a chemist, I wish 
to find answers by myself. At the very least, when I know 
a thing, to hold that I know it; and when I do not know a 
thing, to allow that I do not know it.7

 The topic of molecular polarity was introduced in 
the previous article.1 One of the readers pointed out that 
it was incorrect to judge the polarity of a liquid flowing 
out of a burette by whether the flow bent when a charged 
rod was brought close to it. The reader stated that the 

bending of the water flow was based on a phenomenon 
called “electrostatic induction,” in which water is attracted 
to charged substances, and is not attributed to the polarity 
of the molecules. Details are available in reference 8.  
I express my deep appreciation for this suggestion.

4. How do I explain the amount of substance?

5. Conclusion

Amendment/Acknowledgments

 Why are there limited suffixes corresponding to the 
compound classes? If I told the students that suffixes 
followed the IUPAC nomenclature rule,5 they would never 

be convinced of my answer. Relying on my own personal 
knowledge, I do not have any answers to date. I wish to 
ask experts about this nomenclature.
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New Products Information

Versatile Trifluoromethylthiolating Reagent: TTST

Product Number: T4211
1g  5g

 Trifluoromethylthio group is known to have remarkably large hydrophobic parameter among fluorine-type 
substituents.1) Therefore, various methods and reagents have been developed in order to improve properties of target 
compounds in the field of drug discovery research. Nevertheless, there are still some problems like stability and 
versatility.2)

 TTST (1) is a novel trifluoromethylthiolating reagent developed by Umemoto et al.3) 1 is easy-to-handle because 
1 is stable liquid in air. Furthermore, 1 shows highly versatile reactivity. By choosing suitable reaction conditions, 
three types of reactive species (cations, anions and radicals) can be generated. Therefore, it can be used for versatile 
reactions such as electrophilic trifluoromethylthiolation of electron-rich aromatic rings and reactive methylenes,  
Cu-mediated nucleophilic trifluoromethylthiolation of aryl iodides and radical trifluoromethylthiolation of alkenes.  
In addition, because ratio of available group (-SCF3) in 1 is high, it is advantageous that wastes derived from 1 is less 
the conventional reagents and that 1 has high atom-efficiency.

S-(Trifluoromethyl) Trifluoromethanesulfonothioate (= TTST) (1)

References
1) C. Hansch, A. Leo, S. H. Unger, K. H. Kim, D. Nikaitani, E. J. Lien, J. Med. Chem. 1973, 16, 1207.
2) X.-H. Xu, K. Matsuzaki, N. Shibata, Chem. Rev. 2015, 115, 731.
3) Y. Yang, S. Miraghaee, R. Pace, T. Umemoto, G. B. Hammond, Angew. Chem. Int. Ed. 2023, 62, e202306095.

Related Products
Triphenylphosphine  25g 100g 500g T0519
9-Mesityl-10-methylacridinium Perchlorate (= Mes-Acr+-Me ClO4-)   1g 5g M1774
N-Methyl-N-(trifluoromethylthio)aniline   200mg 1g M2595
N-(Trifluoromethylthio)phthalimide   1g 5g T3143
Silver(I) Trifluoromethanethiolate   1g 5g  S0977
Copper(I) Trifluoromethanethiolate   1g 5g C1159
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Diurea and Triurea Derivatives for the Synthesis of Highly Crystalline COFs

References
1)  C. S. Diercks, O. M. Yaghi, Science 2017, 355, 923.
2)  C. Zhao, C. S. Diercks, C. Zhu, N. Hanikel, X. Pei, O. M. Yaghi, J. Am. Chem. Soc. 2018, 140, 16438.
3)  W. Zhang, L. Chen, S. Dai, C. Zhao, C. Ma, L. Wei, M. Zhu, S. Y. Chong, H. Yang, L. Liu, Y. Bai, M. Yu, Y. Xu, X.-W. Zhu, Q. Zhu, S. An, R. 

S. Sprick, M. A. Little, X. Wu, S. Jiang, Y. Wu, Y.-B. Zhang, H. Tian, W.-H. Zhu, A. I. Cooper, Nature 2022, 604, 72.

Related Product
2,4,6-Triformylphloroglucinol   200mg 1g  T3688

Product Number: B6577
1g  5g

Product Number: T4192
1g

 Covalent organic frameworks (COFs) are crystalline porous materials synthesized by the covalent linkage 
of organic linkers, and are anticipated to be used as molecular separation or storage, photocatalyst, and 
electronics materials.1) Diurea derivatives such as 1,1’-(1,4-phenylene)diurea (1), are employed in the synthesis 
of COFs composed of flexible urea linkages.2) In addition, Zhu and Cooper et al. have reported a method for 
synthesizing β-ketoenamine-type COFs using urea-type COFs as precursors.3) Initially, urea-linked COFs were 
synthesized by the condensation of urea derivatives including 1 and 1,1’-([1,1’-biphenyl]-4,4’-diyl)diurea (2) with 
2,4,6-triformylphloroglucinol. Since crystallinity of COFs is improved via error-correction process during synthesis, the 
highly reversible urea bonds contribute to improving crystallinity. Subsequently, heating in a solvent containing a small 
quantity of water led to the hydrolysis of the urea bonds, followed by imine condensation, resulting in β-ketoenamine-
type COFs. These “reconstructed” COFs were shown to have higher crystallinity, porosity and photocatalytic 
performance compared to the corresponding directly synthesized COFs. 

1,1’-(1,4-Phenylene)diurea (1)

1,1’-([1,1’-Biphenyl]-4,4’-diyl)diurea (2)

1,1’,1’’-[(1,3,5-Triazine-2,4,6-triyl)tris(benzene-4,1-diyl)]triurea (3)

Product Number: P3216
1g  5g
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Spiroheptadiene Reagents to React with Maleimide to Modify Antibodies

Product Number: H1840
100mg  500mg 

Product Number: N1251
100mg  500mg

 N6-[(Spiro[2.4]hept-4,6-dien-1-ylmethoxy)carbonyl]-L-lysine (1) enables the site-specific modification of proteins, 
making it useful for the preparation of homogeneous antibody-drug conjugates (ADCs).1) The spiroheptadiene 
(SCp) moiety of 1, introduced into a specific site of the protein by genetic code expansion, reacts with the maleimide 
moiety at a rate of 1.8-5.4 M-1 s-1 with the Diels-Alder reaction to form a hexacyclic ring.2) ADCs obtained by reacting 
1-incorporated antibodies with drug-conjugated maleimides exhibit better stability and efficacy than cysteine-
maleimide conjugates both in mouse serum and in vivo.
　We also offer 4-nitrophenyl spiro[2.4]hepta-4,6-dien-1-ylmethyl carbonate (2) as a reagent to introduce SCp moiety.

N6-[(Spiro[2.4]hepta-4,6-dien-1-ylmethoxy)carbonyl]-L-lysine (1)

4-Nitrophenyl Spiro[2.4]hepta-4,6-dien-1-ylmethyl Carbonate (2)

References
1)  R. Dudchak, M. Podolak, S. Holota, O. Szewczyk-Roszczenko, P. Roszczenko, A. Bielawska, R. Lesyk, K. Bielawski, Bioorg Chem. 2024, 

143, 106982.
2)  A. H. St. Amant, F. Huang, J. Lin, D. Lemen, C. Chakiath, S. Mao, C. Fazenbaker, H. Zhong, J. Harper, W. Xu, N. Patel, L. Adams,  

B. Vijayakrishnan, P. W. Howard, M. Marelli, H. Wu, C. Gao, J. Read de Alaniz, R. J. Christie, Bioconjugate Chem. 2019, 30, 2340.

Related Products
N-(4E)-TCO-L-lysine    25mg T4126
L-Azidohomoalanine    100mg A3550
Maleimido-mono-amide-DOTA    50mg M3434
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Staining Kit for Staining Viable and Dead Cells

References
1)  F. L. Miles, J. E. Lynch, R. A. Sikes, J. Biol. Methods 2015, 2, 1.
 DOI: https://doi.org/10.14440/jbm.2015.73
2)  A. M. Rieger, B. E. Hall, L. T. Luong, L. M. Schang, D. R. Barreda, J. Immunol. Methods 2010, 358, 81.

Related Products
ATP-Luciferase Cell Viability Assay Solution    10mL  A3519
Intracellular Reactive Oxygen Species(ROS) Detection Assay Kit    1kit  I1265
MTT Solution [for Cell proliferation assay] (1mL×5)    1set  M3353
Resazurin (Ready-to-use solution) [for Cell proliferation assay]     25mL R0195

Product Number: L0465
1kit

 Live/dead cell staining kit (1) is a kit product containing a pre-conditioned Calcein-AM solution and a propidium 
iodide (PI) solution. Calcein-AM is a cell membrane-permeable compound used to stain live cells and is hydrolyzed 
by intracellular esterases and emits intense green fluorescence.1) On the other hand, PI is a fluorescent dye used to 
stain dead cells. PI cannot penetrate the plasma membrane of living cells, but only enters dead cells or cells in the 
late stages of apoptosis, where it intercalates with DNA and emits red fluorescence.2) 1 can stain live cells with green 
fluorescence and dead cells with red fluorescence in approximately 15 minutes. By staining, live and dead cells can 
be accurately detected.

Figure. K562 cells treated with 0-20% DMSO were stained by 1.
As the concentration of DMSO increases, there are fewer live cells (green fluorescence) 

and more dead cells (red fluorescence).

Live/Dead Cell Staining Kit [for Cell Staining] (1)
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Modulators of the ERK Signaling Pathway

Product Number: L0470
1mg

Product Number: P3159
1mg

Product Number: P3157
1mg

Product Number: O0672
1mg

Product Number: G0649
1mg

Product Number: F1381
1mg

Product Number: I1257
5mL

Product Number: R0262
1vial

 Extracellular signal-Regulated Kinase (ERK), a member of the mitogen-activated protein kinase (MAPK) family, 
plays a crucial role in regulating cell growth, proliferation, and differentiation. Dysregulation of the ERK pathway has 
been implicated in various diseases, including cancer.1-3)

 Modulation of the ERK signaling pathway is known to regulate various biological processes which play roles 
in cellular behavior. The most common commercial inhibitors of the ERK signaling pathway are the various small 
molecule kinase inhibitors listed above (1-6). Additionally, TCI also offers several common activators of the ERK 
pathway including insulin (7), and EGF (8). TCI offers the majority of these modulators at a special [Optimized for Cell 
Culture] grade.

About [Optimized for Cell Culture] 
The [Optimized for Cell Culture] series comprises products that have undergone mycoplasma and endotoxin testing, 
ensuring their safety for use in cell biology research. These products are ideal for various applications, including 
disease modeling and regenerative medicine research.

SL 327 [Optimized for Cell Culture] (1)

PD 98059 [Optimized for Cell Culture] (2) 

PD 184352 [Optimized for Cell Culture] (3)

Sorafenib [Optimized for Cell Culture] (4)

GW 5074 [Optimized for Cell Culture] (5)

FR 180204 [Optimized for Cell Culture] (6)

Insulin solution (4mg/mL) [Optimized for Cell Culture] (7)

rhEGF (Human, Recombinant) (100µg/vial) (8)

References
1)  R. Ullah, Q. Yin, A. H. Snell, L. Wan, Semin. Cancer Biol. 2022, 85, 123.
2)  K. Carel, J. L. Kummer, C. Schubert, W. Leitner, K. A. Heidenreich, B. Draznin, J. Biol. Chem. 1996, 271, 30625.
3)  K. Rubio, A. J. Romero-Olmedo, P. Sarvari, G. Swaminathan, V. P. Ranvir, D. G. Rogel-Ayala, J. Cordero, S. Günther, A. Mehta,  

B. Bassaly, P. Braubach, M. Wygrecka, S. Gattenlöhner, A. Tresch, T. Braun, G. Dobreva, M. N. Rivera, I. Singh, J. Graumann, G. Barreto, 
Theranostics 2023, 13, 2384.
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Table 1. Transcriptional activation assay of 1 1)

Retinoic acid receptors (RARs) EC50 (nM)

RARα 21

RARβ 4.0

RARγ 2.4

Retinoic Acid Receptors Agonist

References
1)  R. L. Beard, R. A. S. Chandraratna, D. F. Colon, S. J. Gillett, E. Henry, D. K. Marler, T. Song, L. Denys, M. E. Garst, T. Arefieg, E. Klein, D. W. 

Gil, L. Wheeler, D. M. Kochhar, P. J. A. Davies, J. Med. Chem. 1995, 38, 2820.
2)  P. Hou, Y. Li, X. Zhang, C. Liu, J. Guan, H. Li, T. Zhao, J. Ye, W. Yang, K. Liu, J. Ge, J. Xu, Q. Zhang, Y. Zhao, H. Deng, Science 2013, 

341, 651.

Product Number: T3842
5mg  25mg

 TTNPB (1) is a synthetic stilbene retinoid analog of retinoic acid and acts as a retinoic acid receptor (RAR) agonist 
(Table 1).1) 1 also enhances reprogramming efficiency in chemically induced pluripotent stem cells (CiPSCs).2)

TTNPB (1)
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