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Abstract

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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Introduction

In recent decades, trifluoromethanesulfonic
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,>¥ 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)

I2

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.” ) 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 Tf20 and formation of different reaction intermediates.

Activation of Secondary Amides with Triflic Anhydride

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).[X] 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 POCI3, 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. [*]

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.!'”!
In contrast, amide activation in presence of a
conjugated C-C double bound (14) led to increased

B-electrophilicity as showcased in the intramolecular
cyclisation of N-aryl cinnamyl amides 15 (Scheme
2C).[l 1 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.
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Scheme 2. Intramolecular annulations of activated
secondary amides. A: isoquinolines. B: imidazo[1,5-al
pyridines. C: quinolin-2(1H)-ones (DTA = N,N-dimethyl
trifluoroacetamide).

3 I



TCIX=Ib 2021 %== 1 No. 186

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)A“2’13] 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).[]4_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 27.117)
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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.
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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).“8] 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).l"”) 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).*!) 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 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.
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Activation of Tertiary Amides with Triflic Anhydride

Intramolecular Annulations
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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.

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 SA).[ZZJ After formation of intermediate
50, the reaction favoured the nucleophilic attack

of the ether oxygen and formation of oxonium

I6

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).1%! For this approach,

the absence of the usual base was crucial to avoid
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formation of elimination products. The competition
between the [2+2] cycloaddition and nucleophilic
pathways with alkenes was further investigated by
De Mesmaceker and coworkers with a-aminoamides
56 (Scheme SC),[24] In presence of an electron-
withdrawing substituent on the amino nitrogen 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 SE).[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.

a-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
a-carbon. This concept was recently investigated by
our group in the a-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 a-carbon to the
amide functionality in the starting amide 64. Postulated
fragmentation to the epoxide 67 allows attack at the
a-carbon by triflate ion. In contrast to the starting
amide 64, the resulting reactive key intermediate 68 is
now susceptible toward nucleophiles at the a-position,

opening up a broad range of new transformations.

o ThO 65 Z/ o) % N
—_— X Nto ot —_— \N+O —_— ND —u> ND
O (bese AP & o ot & N O
64 66 67 68 69

Scheme 6. Umpolung of amides with triflic anhydride and N-oxides

Our group utilised this electrophilic Umpolung of
amides for an intramolecular, metal-free C-C coupling
reaction (Scheme 7A).5% 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 a-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.

7I
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Additionally, the employment of an N-sulfonyl
functionality at the amide a-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).[3 3
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 nitriles.
C: oxazoles with 1,4,2-dioxazol-5-ones as the Umpolung-
reagent. D: cyclic amidiniums and oxazine derivatives with
azides and cascade cyclisation.
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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 a-branched amide
83 led to an unexpected rearrangement reaction with
acetonitrile (Scheme 8).** 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.
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Scheme 8. Synthesis of novel heterocycles by a cascade
rearrangement reaction.

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
o-Umpolung of amides is enabled. This in turn opens
the door to an array of powerful transformations,
including C-C bound formation, a-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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Trifluoromethanesulfonic Anhydride (Tf,0) 10g 6,900  25g 12,200 250g 59,9001 T1100
2-Chloropyridine (2-CI-Pyr) 25g 2,000 100g 3,500 500g 9,700 C0279
2-Methoxypyridine (2-MeO-Pyr) 25mL 3,000 MO0788
2,3-Dichloro-5,6-dicyano-1,4-benzoguinone (DDQ) 25g 12,100M 250g 63,8001 D1070
N,N-dimethyl trifluoroacetamide (DTA) 59 4,200 25g 12,700 T3262
2-Fluoropyridine (2-F-Pyr) 25g 7,900M 100g 23,600 F0217
2,6-Dichloropyridine (2,6-diCI-Pyr) 259 2,100 500g 15,200 D0410
2-lodopyridine (2-1-Pyr) 5g 7,000 25g 23,000 10533
2.4-Dichloroquinoline (2,4-diCl-quinoline) 5g 11,400M 25g 38,800 D4452
2,6-Di-tert-butylpyridine (DTBP) 5g 10,900 25g 37,800 D1804



https://www.tcichemicals.com/JP/ja/p/D1804
https://www.tcichemicals.com/JP/ja/p/D4452
https://www.tcichemicals.com/JP/ja/p/I0533
https://www.tcichemicals.com/JP/ja/p/D0410
https://www.tcichemicals.com/JP/ja/p/F0217
https://www.tcichemicals.com/JP/ja/p/T3262
https://www.tcichemicals.com/JP/ja/p/D1070
https://www.tcichemicals.com/JP/ja/p/M0788
https://www.tcichemicals.com/JP/ja/p/C0279
https://www.tcichemicals.com/JP/ja/p/T1100

TCIX=Ib 2021 %== 1 No. 186

(EZ2XLBPEE

A 58 L &8

RAITHEXS RIRETPEHE M @Al KR

PIRE L XIS T 2 MBKEE T SO, REOWIIEEIIBIT LML SHEICH > CHEKT %
CEIILHNFE LT FEESAIILEST, 12TUBEILLDLDOVHITFENTT, S HNTIER IR
FTAHBRIIBMEENT SV,
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FOMEAIZTER L, RO ARy D ABFZICBHN Tz, TS AT REISEE 2 MES 5 LT,
FIGRAEWO NMR ZlIE L7722 25, TFVEOY FFAPBEINL, b FLVEEET
LREEA B TRV T, Tho. BT O %L ko THREICHKLAZLEZS, [700
BNV AEREEIfH o727 ] AN [Idwn] &2 58, BAEE TR0 D] M L72DY, X
FEAFMOZ eSS EN TR VEETH o7,

= 7uuRIVAD L) BATT Y EREEEL, BEOBSED S THEMIIIEH2 2% ) FIR S Tw
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BRI EFIESREITIENDH D EFT, TOHEND 1 OBEINTULHMEOBRTHY), b5 120
REAELTEHEENTVE LY ) — VT, Z7OURVADGHIEL THRAT Y D5ET D% v Twn
T3, 2 = VRIS EFEFAEAEWTTOT, RISICHET2ZE 0722 ICHY T3, Ll
BIZEADBWY 7V FUDENS LB 3 X1,

D2 rEFES (DMSO) £8->TH, ZDFICEF - - -

AL ADEI L 2B ILEMD AR MV F— 8 24D T2, 'THNMR 2ll5ET % &, Bk
T EEEWOMEIZTIEORVART MUHBESNIz. LA L, BEZ UURV ALK 2 ERESZ
MFEE 3% <, BCNMR FTIRMIETE ahole 22T, % EDMSO (¥ XF)L 2 )Lk
FUR) WCHBATBCNMR 25T 5 &, Z2CVELZIFET LAY MVDBELN, &
2T, BCNMR OWFEICHC 32 AT HNMR 2lIELTHAL E, FI23ed Brold
TFNDPEEINT-DOTH -7,
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Ph-BTBT-n ¥YU—X

S (n=12) Ph-BTBT-12
(n=10) Ph-BTBT-10
\ CrH2n+1 (n=8) Ph-BTBT-8
(n=6) Ph-BTBT-6
S (n=4) Ph-BTBT-4

Ph-BTBT-12 100mg 19,600/ / 250mg 37,300/ / 1g 112,000 [D5910]
Ph-BTBT-10 100mg 17,400/ / 250mg 33,000/ / 1g 99,000 [D5491]
Ph-BTBT-8 100mg 21,900f / 250mg 41,700/ / 1g 125,000 [00576]
Ph-BTBT-6 100mg 31,600/ / 250mg 60,000/ / 1g 180,000/ [H1769]
Ph-BTBT-4 100mg 24,700/ / 250mg 47,000/ / 1g 141,000 [B6248]
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C-HRY U ERIICAWLWS NS BRI F

2,2’-Bis[bis(3,5-dimethylphenyl)phosphino]-1,1’-biphenyl (1) HmId—R: B5957
100mg 10,800 500mg 37,500M

I RASE,2,2-ER[EX(3,5-FXFINVTTZIVRR T4 /A 1-ETZIW(N)EMIT Y LIENI SIS
AN MEBIRNERTRIERICEMETIEERELTVET ), COFRIRIEREE, F IV BB
FEAD, SNKRELEBERECHU/NTAEIROIETLET IS, CORICIEBEREFBUEIP BV, &K
BETORIRIERESLIEMMD TEET , ZDDRIEPEEMEMBOMRICAVShZZENBFShET,
BE,IDAIVTILBEEE—BRN A CEVWTHNTIMBROICKTRIERSHET TP BESR T
i?z)o

Ba(pin)
cat. [Irz(cod)ZOH]g ; CHs O O CHs
L cat. 1 Lj@\ @’P P‘Q

j@ TBME or THF, A ) :
L: large substituent i CHg CHs
S: small substituent ' CH3CH3
: 1
CHs
CHs Ba(pin): _ O~[—cH,
CO,CHj3 cat. [Ir(cod)OH]» Bp|n;_§-B\ o
cat. 1 o) 3
. CHj3
CHgz THF, A
CH30,C
2 Bpin
Niphedipine
X ik
1) Y. Saito, K. Yamanoue, Y. Segawa, K. ltami, Chem 2020, 6, 985.
2) Y. Saito, Y. Segawa, K. Itami, J. Am. Chem. Soc. 2015, 137, 5139.
BAERm
Bis(pinacolato)diboron (Bx(pin)z) 19 2,500 59 6,800M 259 27,000 100g 65,000  B1964
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4-Glycidyloxy-2,2,6,6-tetramethylpiperidine 1-Oxyl Free Radical (1) &HmI— R G0555
19 5,100 5g 17,800

BEMAR)Y— I3, HEEHLEME, BEBMRL,BES MM LEORERN PFINTWET), PEDOT/PSS%IAD
ETHEEMR)Y -G, EVERGEREF-EI-DICEZHICR—TINTVWIRLENF HVETLAL,1EF
R—TENan BRI — 3R R HEB TORBBMEICS LW E,R—E T DRMNEIC L) BEMEENG ZTEL
RTNCER=INAADFINCEIMBET NI ZADEEMEBETIRZZEN BZREINET 22T F—ELTLELT
SVWEERERL, DD, BERMICHEORYT 2R TIIEE, INSOMBEEFERTILOELYET,

ST, TEMPOLEDRRIBEEN A LNMIATEIEEITHILRIT—IE, ZTOEVWETHNME,PSIEETEE
EHTVET, 22 TBoudouris5iE,4-7 UL UILAFITEMPO (1) 27 4 BBESSIE T, EHEITHILKRY
~—PTEO (poly(4-glycidyloxy-2,2,6,6-tetramethylpiperidine-1-oxyl))#BA% L £L 72, PTEOX{th DA #ES
JHIVRYT—IZEERT,000f5 6D EEMERL, A B EEHOLEBUEF SN EPBASPELRYELT, ZDD,
INBFTHIR)T—DoEONB T4V ALI, BV EBMERTEMEHA - EEEMECLZZEPHFINE

TO
°}
077
© Anionic polymerization 0
CH3 CH3
CHj3 l}l CHj3 CHj3 CHj3
(o} CHg ’}l CH3
o .
1 PTEO
X @k

1) K. Opyaizu, 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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N,N'-(Naphthalene-1,5-diyl)bis[2-(aminooxy)acetamide] (1) ®m3— K N1160
100mg 15,3004

N,N-(F78L>-1,5-F1I)ER[2-(73/4%L) 72 T73K] (aoNao, 1), ZAEAVTXILAFROEH
WASERIEESMEREREAL ZAKREEIOR I TEHIEN TEET, VO 7E8N - T AR &, —A$H(IC
BEETICAIELBEEHRL TANTEMSLURB Y BBEAOMEL» B ELET, £/2,70X) 780
FoAHEERTAFVIRILAFRIMBATOREMEN BT 5740, 7F 1 ARBEEDBHEL THFIA
FTRETT34, &5IC, 1R AYTRILAFRICRRS T, —REA VAR H—ELTHHWAZEN FRETT,

0 O H CAMBEDNREL
HZN/OJLH O N o WS BRI
(0]
1

| JORY) ZKH

racil DNA X, T
u 1 \ 0

o)
glycosylase OH B
) =0 o 1 i
—_— ) Ny —
i N Mo

< o
° WG X
OH
NHO\)LN NY\OWNf ;
H o HO !
0 o
by b

X ik

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.
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SB431542 (1) S5 0— : B4003
25mg 32,000/ 100mg 88,100/

N
N /R
g N 0
C_NH2
1

SB431542 (1) 77 FELZREEFF—H (ALK) 773U—ALK4, ALK5, ALK7 D42 THVAEHIT
T, %7/, 1TETGF-BREZ M DMIICHEVTTGF-BONETZSMADDEMLET T ORI F L EAT—H LD
RBOFEEEELET,

Weh s R #EE» 5iPS (induced pluripotent stem)#llENDB7OJ I3 VRFEREL TUKD, Zh5D
HFOILZHREMICRETIMRLEATEEL (FIAIEX#R4,5) . T I XDIEH G MAZOIPSHIE~ADY
TATIILTICEVWTEHETAY IV TRFNDI D THESox2e KB TERZENMEIN TVETO),

AUBERETHY, HB- HRAOAHCIERLLZE L,

X ik

1) G. J. Inman, F. J. Nicolas, J. F. Callahan, J. D. Harling, L. M. Gaster, A. D. Reith, N. J. Laping, C. S. Hill, Mol.
Pharmacol. 2002, 62, 65.

2) N.J.Laping, E. Grygielko, A. Mathur, S. Butter, J. Bomberger, C. Tweed, W. Martin, J. Fornwald, R. Lehr, J. Harling, L.
Gaster, J. F. Callahan, B. A. Olson, Mol. Pharmacol. 2002, 62, 58.

3) K.Takahashi, S. Yamanaka, Cell 2006, 126, 663.

4) T.S. Mikkelsen, J. Hanna, X. Zhang, M. Ku, M. Wernig, P. Schorderet, B. E. Bernstein, R. Jaenisch, E. S. Lander, A.
Meissner, Nature 2008, 454, 49.

5) D.Huangfu, R. Maehr, W. Guo, A. Eijkelenboom, M. Snitow, A. E. Chen, D. A. Melton, Nat. Biotech. 2008, 26, 795.

6) J.K.Ichida, J. Blanchard, K. Lam, E.Y. Son, J. E. Chung, D. Egli, K. M. Loh, A. C. Carter, F. P. Di Giorgio, K. Koszka, D.
Huangfu, H. Akutsu, D. R. Liu, L. L. Rubin, K. Eggan, Cell Stem Cell 2009, 5, 491.
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GSK-3fEEH oy
CHIR 99021 (1) 82 0— R: C2943
25mg 32,000/ 100mg 85,500F
CHa
N
&
N Z "N
H Jo | “ N
NN
cl Cl NNcN

CHIR 99021 (1), MiEE A TEHEVWRIRMEHE TEGSK-3EHTT,GSK3a (IC50 = 10 nM) &
GSK3B (6.7 nM)EFEELE T2, £/, 1E v I XFEMHMEOECSRBEDOX—LEWMEL TERINETI, H1h
DA EEEFHEVEGETIEMTORETINTA VLA HAEGHERE, T IVARVEMEMBRMEEHIELETY 10
FHETTIE,0CT4%5FIRIL/-CD34 MR MR X B EREMIT(IMSCs) BRI £ 75,

AURBEIHAETHY, BB - MEAOHICTERA LI,

X ik

1) J. Bain, L. Plater, M. Elliott, N. Shpiro, C. J. Hastie, H. McLauchlan, I. Klevernic, J. S. C. Arthur, D. R. Alessi, P.
Cohen, Biochem. J. 2007, 408, 297.

2) D. B. Ring, K. W. Johnson, E. J. Henriksen, J. M. Nuss, D. Goff, T. R. Kinnick, S. T. Ma, J. W. Reeder, |. Samuels, T.
Slabiak, A. S. Wagman, M.-E. W. Hammond, S. D. Harrison, Diabetes 2003, 52, 588.

3) H.Kim, J.Wu, S.Ye, C.-l. Tai, X. Zhou, H.Yan, P. Li, M. Pera, Q.-L.Ying, Nat. Commun. 2013, 4, 2403.

4) J.Huang, M. Nguyen-McCarty, E. O. Hexner, G. Danet-Desnoyers, P. S. Klein, Nat. Med. 2012, 18, 1778.

5) X.Meng, R.-J. Su, D. J. Baylink, A. Neises, J. B. Kiriyan, W. Y.-W. Lee, K. J. Payne, D. S. Gridley, J. Wang, K.-H. W.
Lau, G. Li, X.-B. Zhang, Cell Res. 2013, 23, 658.

BER R
Rapamycin 25mg 27,200 R0097
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