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Research Article

 Trifluoromethanesulfonic anhydride is a powerful reagent for the activation of a wide range of functionalities. 
Among them, the electrophilic activation of amides is a compelling approach to access heterocycles under mild reaction 
conditions. Herein, we outline the most recent achievements in the construction of heterocycles via amide activation 
with trifluoromethanesulfonic anhydride.
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Abstract

Introduction
 In recent decades,  tr if luoromethanesulfonic 
anhydride, also known as triflic anhydride, has proven 
to be an extraordinary reagent for a broad range 
of transformations. Given its high affinity towards 
O-nucleophiles, reaction with alcohols, carbonyls, sulfur- 
phosphorus- and iodine oxides towards formation of 
the corresponding triflates is strongly favoured. As one 
of the premier leaving groups in organic chemistry, 
the generated triflates then open the door to various 
downstream transformations, including (but not limited 
to) substitution reactions, cross-coupling processes, redox 
reactions and rearrangements.[1,2] 

 In this ocean of possible applications, our group 
has been particularly interested in the electrophilic 
activation of amides with triflic anhydride. Thanks to the 
pioneering work of Ghosez and Charette,[3,4] it is known 
that the reaction can proceed through different reactive 
intermediates, depending on the nature of the amide 1 as 

well as the presence (or absence) of a base (Scheme 1).  
When subjected to triflic anhydride 2, amides are 
generally rapidly converted to the corresponding 
iminium triflates 3. Further deprotonation, usually by 
a pyridine derivative can lead to formation of a highly 
electrophilic intermediate – a nitrilium ion 5 in case of 
secondary amides, or a keteniminium ion 6 for their 
tertiary counterparts. These ionic species participate in 
an equilibrium with the pyridine adducts 7 and 8. Amide 
activation with triflic anhydride has yielded a literal 
cornucopia of novel transformations.[5–7] In particular, 
recent years have seen its exploitation by various groups 
for the generation of heterocyclic cores. Due to their 
pervasive presence in biological and pharmaceutically 
relevant structures, the preparation of heterocycles 
remains a focal point in organic synthesis. In this short 
review, we will focus on recent discoveries for the 
formation of heterocycles via amide activation with triflic 
anhydride.  
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Scheme 1.  Amide activation with Tf2O and formation of different reaction intermediates.

Scheme 2.  Intramolecular annulations of activated secondary amides. 
A: isoquinolines. B: imidazo[1,5-a]pyridines. C: quinolin-2(1H)-ones 
(DTA = N,N-dimethyl trifluoroacetamide).

Intramolecular Annulations

 The susceptibility of amides for nucleophilic attacks 
after activation with triflic anhydride was explored for 
a range of cyclisation processes. Movassaghi et. al. 
showcased its utility for a Bischler-Napieralski type 
process (Scheme 2A).[8] After amide activation, the 
intermediate underwent intramolecular SEAr reaction; 
rearomatization then resulted in isoquinolines 11 
and their 3,4-dihydro derivatives. In comparison to 
classical Bischler-Napieralski conditions using POCl3, 
elevated reaction temperatures could be avoided, while 
acid-sensitive substrates were well tolerated. As an 
alternative approach, Hendrickson’s reagent, obtained 
from triphenylphosphine oxide and triflic anhydride, 
was employed in the same transformation to further 
exacerbate oxophilicity in the amide activation event.[9] 

 As an extension of this mild cyclodehydration 
reaction, the activation of N-(2-pyridinylmethyl)-
benzamides 12 with triflic anhydride resulted in formation 
of bicyclic imidazo[1,5-a]pyridines 13 (Scheme 2B).  
By utilising an electron richer base in form of 2-methoxy-
pyridine in conjunction with mild heating, the conversion 
could be further increased.[10] In contrast, amide 
activation in presence of a conjugated C-C double bound 
(14) led to increased β-electrophilicity as showcased 
in the intramolecular cyclisation of N-aryl cinnamyl 
amides 15 (Scheme 2C).[11] 2,3-Dichloro-5,6-dicyano-
1,4-benzoquinone (DDQ) was employed as an additional 
oxidant to decrease the reaction time and improve 
selectivity towards poly-substituted quinolin-2(1H)-ones 
15. 

Activation of Secondary Amides with Triflic Anhydride
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Scheme 3.  Intermolecular annulations of activated secondary amides.  
A: pyrimidines via nitriles. B: pyridines and quinolines via alkynes 
and enols. C: pyrimidines via formal (2+2+2) with alkynes.

Intermolecular Annulations

 The activation of amides opens the doorway to a 
broad range of external nucleophiles. The nucleophilic 
addition of a nitrile 18 to the in-situ formed nitrilium 
ion 17 led to the formation of a new nitrilium species 
19 (Scheme 3A).[12,13] In presence of an N-vinyl or 
N-aryl moiety, Movassaghi showed that this reactive 
intermediate further underwent an electrocyclisation 
event, convergently yielding pyrimidine derivatives 20. 
Similarly, the reaction with alkynes 22 or enol-ethers 
23 proceeded with formation of corresponding cations 
followed by cyclisation and aromatization to pyridine 
and quinoline derivatives 24 (Scheme 3B).[14–16]

 In complementary fashion, our group investigated 
the transformation with alkynes 26 in absence of N-vinyl 
or N-aryl functionality on the amide substrate 25 (Scheme 
3C). In comparison to the former approaches, the reaction 
was conducted at elevated temperature and with an excess 
of amide starting material, resulting in poly-substituted 
pyrimidine derivatives 27. Comparable to the previous 
reaction, a vinylcation intermediate 29 is formed after 
addition of the alkyne substrate 26. Fuelled by the high 
reaction temperatures, the initial nitrilium species also 
partially underwent fragmentation to the corresponding 
nitrile 30, which subsequently attacked the vinylcation 
intermediate. Ensuing cyclisation and dealkylation 
eventually resulted in formation of the heterocyclic core 
27.[17] 
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Scheme 4.   Attack of various nucleophiles on nitrilium ion 
and subsequent cyclisation. A: indoles via ethyldiazoacetate.  
B: 3,4-dihydroquinazolines via Pictet-Spengler-like cyclisation.  
C: 1,2,4-triazoles via hydrazines. D: tetrazolium ions via azides.

 Furthermore, the use of ethyl diazoacetate 34 as 
nucleophile in conjunction with N-aryl amides 33, Wang 
and coworkers achieved a concise, single step synthesis 
of indoles 35 (Scheme 4A).[18] Of particular note was the 
necessity for catalytic amounts of 2,6-dichloropyridine 
in addition to the usual 2-chloropyridine. The authors 
reasoned this as the consequence of reversible formation 
of a highly electrophilic species 36, which could be 
further intercepted by ethyl diazoacetate 34. The 
resulting intermediate 37 underwent a Friedel-Crafts 
type cyclisation releasing nitrogen gas and producing 
the indole core 35 after tautomerization. Moreover, the 
activation of N-aryl amides with triflic anhydride was 
exploited for an one-pot Pictet-Spengler-like cyclisation 
(Scheme 4B).[19] This domino process started with 
the in-situ condensation of aldehyde 39 and amine 40 
to imine 42, followed by nucleophilic attack thereof 
on the activated amide, prior to electrophilic aromatic 
substitution to obtain 3,4-dihydroquinazolines 41. 

 In absence of N-aryl or N-vinyl moieties, the 
cyclisation event can also be realized by condensation of 
the former amide nitrogen. This approach was employed 
for the synthesis of highly substituted 1,2,4-triazoles 
45 (Scheme 4C).[20] Here, the attack of hydrazide 44 on 
activated amide 43 was followed by cyclodehydration 
to forge the heterocyclic core. In parallel, our group 
has realized the regioselective synthesis of tetrazolium 
scaffolds 48 through a formal [3 + 2] cyclisation (Scheme 
4D).[21] Computational studies revealed a stepwise 
mechanism initiated by the nucleophilic attack of azide 
47 on the nitrilium intermediate, followed by annulation 
to the final heterocycle. 
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Scheme 5.  Intramolecular cyclisations initiated by activation of tertiary amides. A: lactones by rearrangement of ethers. B: lactones by attack of 
alcohol derivatives. C: benzazepinones with alkenes. D: base dependent regio-selective formation of pyrimidines. E: oxazolium ions in absence of 
base. 

Activation of Tertiary Amides with Triflic Anhydride
Intramolecular Annulations

 Compared to the aforementioned secondary amides, 
the activation of tertiary derivatives with triflic anhydride 
in presence of a weak nucleophilic base typically forms 
keteniminium ions as reactive intermediates. Our group 
investigated the reactivity of tertiary amides 49 carrying 
an inbuilt ether moiety (Scheme 5A).[22] After formation 
of intermediate 50, the reaction favoured the nucleophilic 
attack of the ether oxygen and formation of oxonium 
ion 52. The intermediate subsequently underwent a 
[3,3]-sigmatropic rearrangement, leading to intermediate 53. 
Further hydrolysis resulted in functionalised 5- and 

6-membered lactones 51. Complementary to this work, 
the direct use of alcohols or ether derivatives 54, non-
amenable to sigmatropic rearrangement, produced the 5-, 
 6- and 7-membered heterocycles 55 (Scheme 5B).[23]  
For this approach, the absence of the usual base was 
crucial to avoid formation of elimination products. 
The competition between the [2+2] cycloaddition 
and nucleophilic pathways with alkenes was further 
investigated by De Mesmaeker and coworkers with 
α-aminoamides 56 (Scheme 5C).[24] In presence of an 
electron-withdrawing substituent on the amino nitrogen 
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Scheme 6.  Umpolung of amides with triflic anhydride and N-oxides

56, the [2+2] cyclisation was favoured. With electron-
neutral or -donating substituents on 56, amide activation 
promoted the nucleophilic attack of the styryl group and 
ultimately yielded benzazepinones 58. 

 Additionally, the susceptibility of keteniminium ions 
towards intramolecular capture was showcased in the 
synthesis of 3-amino-thiophene derivatives [25–27] and 
aminoimidazo-pyrimidines 60 and 61 (Scheme 5D).[28]  
In the latter reaction, the nature of the base played a 
paramount role in the regioselectivity. The authors 
hypothesised that the 2-fluoropyridine-promoted reaction 
kinetically favoured the cyclisation to pyrimidine 60. 
On the other hand, 2,6-difluoropyridine primary acted 
as a buffer for the in situ generated triflic acid and thus 
supported the formation of the thermodynamic product 
61. Our group further investigated the role of the pyridine 
base during regio- and chemoselective cyclisation of 
amide 62 to bicyclic alkoxy oxazolium ions 63 (Scheme 
5E).[29] To our surprise, the addition of a base suppressed 
the reaction and only starting material was recovered. In 
stark contrast, the absence of base quantitatively yielded 
the desired heterocycle.

α-Umpolung of Amides with Triflic Anhydride

 In all presented cases above, the electrophilic 
activation of amides yields a highly electrophilic amide 
carbon. Under suitable conditions, this reactivity can also 
be transferred to the usually nucleophilic α-carbon. This 
concept was recently investigated by our group in the 
α-Umpolung of amides (Scheme 6). Following activation 
with triflic anhydride, the keteniminium intermediate 
can be intercepted by a pyridine-N-oxide derivative 65, 
forming the adduct 66. It is noteworthy that this species 
possesses electrophilic character at what was formerly 
the α-carbon to the amide functionality in the starting 
amide 64. Postulated fragmentation to the epoxide 67 
allows attack at the α-carbon by triflate ion. In contrast 
to the starting amide 64, the resulting reactive key 
intermediate 68 is now susceptible toward nucleophiles 
at the α-position, opening up a broad range of new 
transformations.  

 Our group utilised this electrophilic Umpolung of 
amides for an intramolecular, metal-free C-C coupling 
reaction (Scheme 7A).[30] As opposed to previously 
discussed transformations originating from a Friedel-
Crafts-like cyclisation, the activation of amide 70 and 
subsequent Umpolung by lutidine N-oxide resulted in C-C 
coupling at the α-carbon, ultimately affording a broad 
range of pyridinone and isoquinolinone derivatives 71. 

 Further investigation revealed that the absence of an 
internal nucleophile in nitrile solvents leads to a different 
reaction mode (Scheme 7B).[31] Instead of the formation 
of the triflate intermediate, the in-situ formed epoxide 
was attacked by the ubiquitous solvent, resulting in the 
annulation product 74. By exchanging acetonitrile to 
alternative nitriles, a broad palette of amino oxazoles 
could be synthesised. Additionally, the employment of an 
N-sulfonyl functionality at the amide α-position resulted 
in a mechanistically intriguing rearrangement sequence. 

In absence of the competing N-oxide, the transformation 
involved migration of the sulfonyl group, consequently 
yielding imidazole derivatives 72 as the final products. 
In a similar fashion, using 1,4,2-dioxazol-5-ones (as 
both Umpolung-reagent and nucleophilic substrate), an 
alternative direct synthesis of amino-oxazole scaffolds 77 
was achieved (Scheme 7C).[32] 

 By taking this concept further, arylalkylazides 79 
were investigated as Umpolung reagents and nucleophiles 
to forge heterocycles. In presence of a bulky, weak 
nucleophilic base, such as 2,4-dichloroquinoline, addition 
of arylalkylazide 79 resulted in a domino cyclisation 
event (Scheme 7D).[33] Depending on the chain length of 
the azides, 6- or 7-membered cyclic amidiniums 80 were 
accessible. By interchanging the arene functionality with 
other nucleophiles such as ketones or esters, an efficient 
synthesis of functionalised oxazines/oxazinones 82 was 
achieved. 
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Scheme 7.   Heterocycle formation by Umpolung of amides.  
A: pyridinone and isoquinolinone derivatives by C-C coupling.  
B :  imidazoles  and oxazoles  via  ni t r i les .  C :  oxazoles  with 
1,4,2-dioxazol-5-ones as the Umpolung-reagent. D: cyclic amidiniums 
and oxazine derivatives with azides and cascade cyclisation.

Scheme 8.  Synthesis of novel heterocycles by a cascade rearrangement 
reaction.

Miscellaneous

 In addition to the discussed methodologies, the 
mild activation of amides with triflic anhydride also  
allows unusual reactivity en route to heterocycles. 
In an example from our own work, the presence of a 
phthalimide functionality on the α-branched amide 83 led 
to an unexpected rearrangement reaction with acetonitrile 
(Scheme 8).[34] In contrast to the usual conditions, 
2,6-di-tert-butylpyridine (DTBP) was used as a base. We 
hypothesized that this base would not add to the activated 
amide, thus favouring cyclisation to 84. A nucleophilic 
attack followed by deprotonation of acetonitrile might 
then afford intermediate 85. Subsequent ring opening to 
86, followed by 7-membered ring closure and hydrolysis 
resulted in novel heterocyclic scaffolds 87.

Conclusion
 The electrophilic activation of amides with triflic 
anhydride provides a mild and sustainable approach to 
forge heterocyclic cores. Depending on the nature of the 
amides and the presence or absence of base additives, 
highly reactive intermediates in form of vinyl- triflates, 
nitrilium ions or keteniminium ions are accessible. Each 
of these species offers new pathways for functionalisation 
and annulation, leading to a wide palette of heterocycles. 
By using suitable reacting partners, such as N-oxides or 
azides, the α-Umpolung of amides is enabled. This in turn 
opens the door to an array of powerful transformations, 
including C-C bound formation, α-oxidation and 
mechanistically intriguing rearrangement reactions. The 
breadth of recent examples of heterocycle formation 
highlights the utility of triflic anhydride for electrophilic 
amide activation and outlines its potential for the future 
discovery of further, hitherto unknown transformations. 
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Related Products
Trifluoromethanesulfonic Anhydride (Tf2O) 10g 25g 250g T1100
2-Chloropyridine (2-Cl-Pyr) 25g 100g 500g C0279
2-Methoxypyridine (2-MeO-Pyr)   25mL M0788
2,3-Dichloro-5,6-dicyano-1,4-benzoquinone (DDQ)  25g 250g D1070
N,N-dimethyl trifluoroacetamide (DTA)  5g 25g T3262
2-Fluoropyridine (2-F-Pyr)  25g 100g F0217
2,6-Dichloropyridine (2,6-diCl-Pyr)  25g 500g D0410
2-Iodopyridine (2-I-Pyr)  5g 25g I0533
2,4-Dichloroquinoline (2,4-diCl-quinoline)  5g 25g D4452
2,6-Di-tert-butylpyridine (DTBP)  5g 25g D1804
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Nine Short Stories - Part 1 -

Nagatoshi Nishiwaki
Kochi University of Technology, School of Environmental Science and Engineering

Chemistry Chat

 Fumiko conducted a reaction that was monitored 
using thin-layer chromatography (TLC). As the reaction 
proceeded, the spot for the starting material gradually 
disappeared and new spots due to different products 
appeared. Fumiko removed the solvent under reduced 
pressure and measured the 1H NMR spectrum of the 
residue. When she looked at the spectrum, she was very 
surprised by signals due to a ethyl group, since she did 
not use any reagent containing an ethyl group. It was 
quite strange. Hence she went to the professor’s office, 
and asked for advice. The professor said, "Did you use 
chloroform as a solvent? When she answered “yes”, he 
said "I knew it". However, Fumiko had no idea what he 
was talking about.

⇨ Halogen-containing solvents such as chloroform 
are quite restricted industrially due to their toxicity. 
Nevertheless, it is a competent solvent and is still used 
in university laboratories. It can also cause some unusual 
reactions. One of the causes is the small amount of acid 
it contains. The other is ethanol, which is added as a 
stabilizer, preventing it from decomposing and producing 
phosgene. Ethanol is a highly reactive compound, which 
sometimes participates in the reaction. This can lead to 
confusion when an unfamiliar signal appears

 Mizuki synthesized a hitherto unknown compound 
and collected the spectral data. When he measured the 1H 
NMR spectrum using chloroform-d, he observed signals 
consistent with the structure of the target compound. 
However, the solubility of the compound in chloroform-d 
was not high enough to measure the 13C NMR spectrum. 
Therefore, he measured the 13C NMR using deuterated 
dimethyl sulfoxide (DMSO-d6). However, the obtained 
data were inconsistent with the expected structure, which 
left him confused. Also, when he measured the 1H NMR 
spectrum using DMSO-d6, he observed quite different 
signals from those obtained using chloroform-d.

⇨ DMSO is a highly polar solvent and will dissolve 
many polar compounds, but it is difficult to evaporate 
because of its high boiling point. For NMR measurements, 
relatively inexpensive chloroform-d is usually employed 
as the solvent. DMSO-d6 is used in the case of poorly 
soluble compounds. However, it is a misconception that 
just dissolving the compound in the solvent causes no 
change in the structure of the compound. The structure 
sometimes changes (or reacts) when the surrounding 
polarity changes. You should measure NMR spectra in 
each solvent to avoid troublesome mistakes. If you notice 
such small changes, you might be able to develop new 
projects.

Story 1. Sudden appearance of an ethyl group 

Story 2. Different compounds in different solvents

 The university laboratory is a treasure trove of failures, errors and mistakes, and these provide useful information 
for students to improve experimental techniques. I would like to write nine short stories in three installments. I hope that 
even one of them will be helpful to students. This time, I will talk about solvents.
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 One day in the rainy season just before summer, 
Fumiko was filtering a diethyl ether solution using folded 
filter paper. The filtration was going well, but during the 
process, she observed beautiful colorless crystals on the 
edge of the filter paper. Crystals draw much attention 
from all chemists. Fumiko tried to remove the crystals 
with a spatula, but they disappeared the moment she 
scooped them up. However, the crystals reappeared on 
the filter paper as if in derision. It is human nature to want 
to chase after something that is not easily obtained. After 
that, Fumiko tried again and again to gather the crystals, 
but in the end her efforts were not fruitful.

⇨ Diethyl ether is a low boiling point, high-volatility 
organic solvent. When filtering on a hot and humid day, it 
rapidly volatilizes from the large surface area of the filter 
paper. In that case, it absorbs vaporization heat from the 
surroundings, so the moisture in the air will condense on 
the filter paper. That's right, what Fumiko was trying to 
remove were ice crystals. It is natural for them to appear 
immediately, but when you try to collect them, they 
rapidly disappear. But the desire to discover something 
new is a necessary attitude in research.

Story 3. Crystals that appear and disappear

Professor Nagatoshi Nishiwaki received a Ph.D. in 1991 from Osaka 
University. He worked in Professor Ariga’s group in the Department of 
Chemistry, Osaka Kyoiku University, as an assistant professor (1991-2000) 
and associate professor (2001-2008). From 2000 to 2001, he was with 
Karl Anker Jørgensen’s group at Århus (Aarhus) University in Denmark. He 
worked at the Center for Collaborative Research, Anan National College of 
Technology as an associate professor from 2008 to 2009. Then, he moved 
to the School of Environmental Science and Engineering, Kochi University of 

Technology in 2009, where he has been a professor since 2011. His research interests comprise 
synthetic organic chemistry using nitro compounds, heterocycles (synthesis, ring transformation, 
1,3-dipolar cycloaddition, application as tools in organic synthesis), pseudo-intramolecular 
reactions, and solid-supported palladium catalysts.
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New Products Information
Ligand for C-H Borylation of Substituted Benzenes

Product Number: B5957
100mg  500mg

 Segawa, Itami et al. reported that a complex formed from 2,2'-bis[bis(3,5-dimethylphenyl)phosphino]-1,1'-
biphenyl (1) and an iridium complex catalyzed regioselective borylation.1) This C-H borylation proceeds on 
1,2-disubstituted benzene with high para-selectivity from the larger substituent. In addition, this reaction has a high 
tolerance to various kinds of functional groups, so that it is applicable to the synthesis at the final of synthesis and 
further conversion from the installed boryl group is possible. Thus, its use is anticipated in medicinal chemistry. 
The iridium complex can also catalyze the para-selective C-H borylation of mono-substituted benzenes with good 
regioselectivity.2)

2,2’-Bis[bis(3,5-dimethylphenyl)phosphino]-1,1’-biphenyl (1)

References
1)  Y. Saito, K. Yamanoue, Y. Segawa, K. Itami, Chem 2020, 6, 985.
2)  Y. Saito, Y. Segawa, K. Itami, J. Am. Chem. Soc. 2015, 137, 5139.

Related Product
Bis(pinacolato)diboron (B2(pin)2) 1g 5g 25g 100g  B1964

Monomer for Conducting Polymers with High Optical Transparency and Stability

Product Number: G0555
 1g  5g

 Conducting polymers are promising candidates for applications such as antistatic, electrode and battery 
materials.1) Representative conducting polymers such as PEDOT/PSS must be chemically doped to achieve high 
electrical conductivity. However, doped p-conjugated polymers have some problems: they exhibit poor optical 
transparency in the visible region, their conductivity depends on the dopant concentration, and the dopants can 
decrease the stability of the materials and the devices. Therefore, there is a need to develop charge-neutral 
conducting polymers without using dopants.
 Recently, organic radical polymers with open-shell sites such as a TEMPO pendant groups have attracted much 
attention. Furthermore, Boudouris et al. synthesized a highly conducting organic radical polymer,2) PTEO (poly(4-
glycidyloxy-2,2,6,6-tetramethylpiperidine-1-oxyl)) by anionic ring-opening polymerization of 4-glycidyloxy-TEMPO (1). 
PTEO showed a more than 1000-fold increase in electrical conductivity than other organic radical polymers. They 
also reported that the polymer film exhibited high optical transparency in the visible region. It is therefore anticipated 
that such films will be utilized as electrically conducting materials with both high optical transparency and stability.

4-Glycidyloxy-2,2,6,6-tetramethylpiperidine 1-Oxyl Free Radical (1)

References
1)  K. Oyaizu, T. Suga, K. Yoshimura, H. Nishide, Macromolecules 2008, 41, 6646. 
2)  Y. Joo, V. Agarkar, S. H. Sung, B. M. Savoie, B. W. Boudouris, Science 2018, 359, 1391. 
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References
1)  K. Ichikawa, N. Kojima, Y. Hirano, T. Takebayashi, K. Kowata, Y. Komatsu, Chem. Commun. 2012, 48, 2143.
2)  Y. Mie, K. Kowata, N. Kojima, Y. Komatsu, Langmuir 2012, 28, 17211.
3)  Y. Mie, Y. Hirano, K. Kowata, A. Nakamura, M. Yasunaga, Y. Nakajima, Y. Komatsu, Mol. Ther. Nucleic. Acids 2018, 10, 64.
4)  S. Okumura, Y. Hirano, Y. Komatsu, Nucleosides Nucleotides Nucleic Acids 2020, 39, 225.

Cross-linker for Formyl Groups of Abasic Sites in Double-stranded Oligonucleotides

Product Number: N1160
100mg

 N,N'-(Naphthalene-1,5-diyl)bis[2-(aminooxy)acetamide] (aoNao, 1) can recognize a pair of abasic sites in double-
stranded oligonucleotides and covalently cross-link their formyl groups.1) The cross-linked duplex is thermally stable, 
has a rigid conformation and shows high nuclease resistance.2) Due to these properties, the cross-linked duplex is 
applicable for modification of antisense oligonucleotides.3,4) Needless to say, 1 can be used as a typical diamine 
cross-linker.

N,N'-(Naphthalene-1,5-diyl)bis[2-(aminooxy)acetamide] (1)
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GSK-3 Inhibitor

Product Number: C2943
25mg 100mg

 CHIR 99021 (1) is a cell-permeable and highly selective GSK-3 inhibitor1) and inhibits GSK3a (IC50=10 nM) and 
GSK3b (6.7 nM).2) 1 is also used as a key component for mouse embryonic stem cell self-renewal.3) Under cytokine-
free conditions, the combination of 1 and the mTOR inhibitor, rapamycin, maintains mouse and human hematopoietic 
stem cells.4) In the presence of 1, OCT4-transduced human blood CD34+ cells are converted into induced 
mesenchymal stem cells (iMSCs).5)

CHIR 99021 (1)

Related Product
Rapamycin   25mg R0097

Activin Receptor-like Kinase Inhibitor

Product Number: B4003
25mg 100mg

 SB431542 (1) is a specific and potent inhibitor of the activin receptor-like kinase (ALK) family, e.g., ALK4, ALK5, 
ALK7.1) 1 can also inhibit TGF-b-mediated activation of SMAD and induction of fibronectin and collagen expression in 
TGF-b-response cell lines.2)

 Since Yamanaka et al. identified reprogramming factors for iPS (induced pluripotent stem) cells from 
somatic sells,3) chemical substitutes for these factors have also been developed.4,5) 1 can also replace Sox2, in 
reprogramming mouse fibroblasts to iPS cells.6) 

SB431542 (1)

The product is for research purposes only.

The product is for research purposes only.

1

1
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