ISSN 1349-4856 CODEN:TCIMCV

T CISA—)b

2017.4 173

B X
3 FRB|X
- Aryl(2,4,6-trimethoxyphenyl)iodonium Salts as Reagents for
exchangab/e Metal-Free Arylation of Carbon and Heteroatom Nucleophiles
anion (X) David R. Stuart, Assistant Professor,

t se;ecti\&e/y / S Department of Chemistry, Portland State University
ransferred ary 1D EELEX%E BEETEDE

group 5/ OMe - REEAEAVEER
R~ GRE A
MeO 150 85 @7
. BREEAEEEG
OMe

- NOT 25 A KB E M 5752 A — L6 i

easily installed - XBRETEBDEACMREER
"dummy" TMP ligand - FOLCEXF—EEEH:2,5-PEROX YV HTVEEBAFIV
- FOLCERF—EHERFILEAXFAG1478
- Wx7Aa—7

[]IEID@ SR TR
Moving Your Chemistry Forward



TCI>A=Jb

— 2017.4 No.173

THWnED

TCI X —id, Btk EHz WHE R CRBR - BIEICHEDL 2 BB 72w e D v s, 1968
FACTEA LB OFTFIGET T, SATUME, 27—y bO L) RHBNICAEY T T 5 FE
AT, FIRE RS 50 7R OILE S L REHREAFL T Lz, 20X
I HEATROM, MEFBHEL LTAS — LA TC A — Vi, 204 ORFOREEZBNTS
LT, ZLOMEBEIIZITANSNE LTz,

90 FRBEEICLDEA I — 4y POBERIZLY, REHEMERET L FHEIREIMEDY L T
Fo INFTOMBAKTOBRIEL, 15—y bEBLT) TNY A LIIERERET 5 Fik
Bb Y F Lo 29 L7z, B TORARORMIBIEAZRIZ 2121997 2T 2 TH A + &
Bt L, AbETTCI A—VOETFLEED T Lz, 21LC, BED 1998 4 10 A 1213 100 5 %M 2
HIENTEE L7

D100 FEHZEEIS, TCIA—NVx LD T7HT I T7TROMNEMENERBE I L, HATHEO
WA C B EN TV D RERT I IF M LEREN LT e wrER T Lz, £2°C, Mk
BN TR K L 7 [HIEH 2 Y — VORFEER - Ikoons b0 -] 28
12, ZORBICHEATENI TCL A=V TE L DRAET DO HFMam L a B 2 L ICEPY F Lz, Zoii
NRBAELZTHINTEY, LD 70— N"VEOEAVEELTHE T,

RAEZTIAT S S0EEMZ T4 SN FE TURICREOHBH L MO LM LEBNT 5T
ELT, JDEomBEICEGRINLMTEZHIEL TV ELZWEFH->TWET,

HRALR L3kt



TCI>A=Jb

2017.4 No.173

Aryl(2.,4,6-trimethoxyphenyl)iodonium Salts as Reagents for

Metal-Free Arylation of Carbon and Heteroatom Nucleophiles

David R. Stuart*

Department of Chemistry, Portland State University, Portland OR 97201 United States
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Abstract: The use of aryl(2,4,6-trimethoxyphenyl)iodonium salts as novel arylation reagents is discussed.
The reaction mechanism of diaryliodonium salts and nucleophiles is outlined and the advantage of using
unsymmetrical aryl(auxiliary)iodonium electrophiles is highlighted. Auxiliaries (dummy ligands) that are derived
from 1,3,5-trimethoxybenzene are a specific focus and general synthetic approaches to and synthetic applications

of these compounds are detailed.
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_ﬂ Introduction

Diaryliodonium salts, also referred to diaryl-?f—iodanes, have been of interest to synthetic chemists since
their discovery well over a century ago' and the chemistry of hypervalent iodine has been extensively reviewed.?
Their popularity is largely due to diverse and intriguing reactivity, and utility in the synthesis of both polymers
and small molecules. With respect to the latter, diaryliodonium electrophiles are novel arylation reagents for
a wide range of nucleophiles and the use of a transition metal catalyst is not required in many cases. This
strategy is attractive because it parallels the simplicity of classic nucleophilic aromatic substitution (SyAr) but
has the potential to achieve the broad scope of transition metal catalyzed reactions without the cost of designer
ligands or the requirement to assay and remove trace metal impurities® from target compounds. Consequently,
unsymmetrical diaryliodonium salts may prove incredibly useful in the synthesis of pharmaceuticals,
agrochemicals, or functional materials as aryl groups appear incessantly in these molecules.

The generally accepted mechanism for polar reactions of nucleophiles with diaryliodonium salt
electrophiles under metal-free conditions is shown in Figure 1A with a symmetric salt and consists of two
steps: ligand exchange and reductive coupling.ze’4 In the ligand exchange step a labile anion (typically triflate,
tetrafluoroborate, tosylate, or halide) is displaced by a carbon or heteroatom nucleophile. In the reductive
coupling step the resulting T-shaped A-iodane intermediate undergoes a pseudo-reductive elimination of the
nucleophile ligand and one of the aryl ligands to form a new aryl-nucleophile bond and an aryl iodide. The
geometry of the T-shaped intermediate is inconsequential when symmetrical diaryliodonium salts are used
because reductive elimination of the nucleophile with either aryl group leads to identical products. While this
scenario is more straightforward it results in significant aryl waste when diaryliodonium salts that cannot be
synthesized from their constituent simple arenes are employed. A potentially less wasteful approach is to use an

unsymmetrical diaryliodonium salt (Figure 1B). However, in this approach two geometrically distinct T-shaped
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intermediates are in equilibrium which may lead to four different products (two different aryl-nucleophile
products and two different aryl iodide by-products) upon reductive elimination (Figure 1B). The synthetic
utility of this approach is only realized if one of the reductive elimination steps is slower than the other thereby
rendering one of the aryl groups an auxiliary or dummy ligand (Figure 1B, red group). Consequently, studies to
elucidate the factors that influence and promote (or inhibit) reductive elimination have been an important part of

research on diaryliodonium salt chemistry.

Two factors principally control the selectivity of reductive elimination from unsymmetrical T-shaped
nucleophile-diaryl-A*-iodane intermediates: electronic and steric effects of the aryl groups (Figure 2). Electronic
effects have been noted since early reaction development with these reagents independently by Beringer,™
McEwen®® and Wiegand;® steric effects have been noted in specific cases, most notably by Wiegand.> Several
decades of reactivity studies have been distilled down to the following general trends. Electronic effects favor
reductive elimination of the nucleophile with the more electron deficient aryl group. Steric effects, in the form
of ortho-substituents, may promote reductive elimination of the nucleophile with the more sterically congested
aryl group and this has been termed the “ortho effect”.>* However, while electronic effects appear to be general
across most nucleophiles, steric effects appear to be dependent on the nucleophile and this trend has led to
an emergence of the “anti-ortho effect”.’® Moreover, when electronically disparate aryl groups are present on
unsymmetrical diaryliodonium salt electronic effects are generally stronger than steric effects in promoting
reductive elimination.® Given the greater generality of the electronic effect on reductive elimination, this has

been a focal point of studies to develop general auxiliaries for unsymmetrical aryl(auxiliary)iodonium salts.”

A X ligand exchange Nu reductive coupling
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Figure 1. The mechanism of polar reactions of symmetrical or unsymmetrical diaryliodonium salts with nucleophiles

Br, [Beringer, ca 1953] Bl’ [Wiegand, ca 1976]

\ NaOMe MeO Br
| OMe
@ MeOH, reflux ©/ 2— neat (235 °C)

71% (as acetanilide) (not reported) 66% yield 34% yleld

F4l B
[McEwen, ca 1975]

@/ NaOEt OEt
; > EtOH, reflux ©/

DPE (1 equiv.)

[Wiegand, ca 1976] Me

@ neat (235 °C) ©/ @

87% yield 13% yield

55% yield 22% yleld

Figure 2. Representative examples of the influence of electronic and steric effects on reductive elimination
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_@ Synthetic Approaches to Aryl(TMP)iodonium Salts

Aryl(2,4,6-trimethoxyphenyl)iodonium salts have emerged as promising reagents for chemoselective aryl
transfer to nucleophiles because the trimethoxyphenyl (TMP) moiety is relatively more electron-rich than many
other arenes and thus serves as a “dummy” ligand by exploiting the pronounced electronic effect on reductive
elimination. Despite evidence for the utility of these reagents,® their synthesis has remained relatively limited
compared to other unsymmetrical diaryliodonium salts. Methods that have previously been employed to prepare
aryl(TMP)iodonium salts are presented in Figure 3.°¢7%® Notably, the majority of these approaches have used
an aryl-A*-iodane (four of the six general approaches) which requires independent synthesis.5‘4’7‘1’8""b’d’°’f This
feature, though reliable, reduces the generality of these methods and as a result between 1988 and 2015 only eight
different aryl(TMP)iodonium salts were described in the chemical literature for the synthesis of small molecules.’
A more general strategy involves the use of aryl iodides as these are widely commercially available. Toward this
end, a one-pot process that incorporates an aryl-)»3-iodane formed in situ and reaction with trimethoxybenzene
was described in pioneering work by Kita and co-workers in 2012.% In this work phenyl(TMP)iodonium tosylate
(85% yield) was the only iodonium salt incorporating a TMP auxiliary. Additionally, aryl iodides that contained
strongly electron donating (methoxy) or electron withdrawing (nitro) substituents resulted in low yield under
the standard reaction conditions with other auxiliaries; good yield with the nitro substituted aryl iodide could be

achieved when HFIP was used as the solvent.

In 2015 we initiated a project to develop a one-pot synthesis of aryl(TMP)iodonium salts from readily
available aryl iodides in an effort to substantially broaden the scope of aryl(TMP)iodonium salts and thereby
stimulate the development of new reactions with these nascent arylation reagents.gg This work builds upon the
previous work of Kita,%’c Olofsson,'® and Pike.”*¢ A key feature of our experimental set up was the removal of
halogenated solvents and we found that acetonitrile was an excellent substituted for both stages (oxidation of
iodine and introduction of the auxiliary). The optimization of all continuous reaction variables over two stages
(temperature, time stage 1, time stage 2, stoichiometry, and solvent volume) was accomplished by Design
of Experiment (DoE).!! These studies revealed that the reaction is fast and may be complete, from set-up to
isolation, within one hour. Moreover, the reaction could be run under relatively concentrated conditions of 1
M and with equal stoichiometry of all reactants. Overall, the reaction conditions provided a broad scope of

substrates that could be synthesized in short reaction time and the isolated yields range from 67-96% with an
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Figure 3. Synthetic approaches to aryl(TMP)iodonium salts




TCI>A=Jb

2017.4 No.173

average of 87%. Strongly electron donating and electron withdrawing substituents on the aryl iodides are well
tolerated as are potentially reactive functionality including benzyl bromide and free hydroxyl groups. These
conditions were also compatible with azine heterocycles and more elaborate aryl moieties that underscore the
use of an unsymmetrical diaryliodonium salt in subsequent arylation chemistry. The current scope, to the best of

our knowledge, of all aryl(TMP)iodonium salts obtained from our work and all previous methods is presented in

Figure 4.
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Figure 4. Scope of aryl(TMP)iodonium salts
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The counter anion is a useful handle for reactivity of diaryliodonium salts and the ability to access
diaryliodonium salts with a range of counter anions is a critical component of reaction development. The vast
majority of aryl(TMP)iodonium salts outlined in Figure 4 are the tosylate salts which is a consequence of the
method of synthesis (Figure 3). During our development of the one-pot synthesis of aryl(TMP)iodonium salts
we found that the tosylate anion could be readily exchanged to other anions under aqueous conditions (Figure 5).
Bromide, iodide, trifluoroacetate, triflate, tetrafluoroborate, and hexafluorophosphate were all introduced in good

yield; essentially quantitative replacement of the tosylate was observed.

_@ Metal-free Reactions of Aryl(TMP)iodonium Salts for the Synthesis of Small Molecules

The use of aryl(TMP)iodonium salts as metal-free arylation reagents for small molecule synthesis continues
to grow and is outlined in Figure 6.°37%%¢¢12 The earliest reported case was the arylation of three malonate-type
nucleophiles in 1999 (Figure 6, C-nucleophiles).'*® For almost two decades these reagents received little attention
and then, beginning in 2013, 14 more examples have emerged to include F-, N-, O-, and S-nucleophiles’ 8.7d.8e.2.12b
with 7 of the examples reported in 2016.812° The examples presented in Figure 6 highlight two exciting features
of the aryl(TMP)iodonium reagents relative to other diaryliodonium salts: 1) aryl groups with electron-donating
(e.g., t-Bu) and withdrawing (e.g., N3) substituents are chemoselectively transferred to nucleophiles in good
yield, 2) elaborate aryl groups (e.g., 4'-cyanobiphenyl) are chemoselectively transferred to nucleophiles. These
features specifically indicate the potential utility and generality of these reagents for metal-free synthesis of small

molecules.

alkali salt (excess) \‘|

| A I\ | NN
~ T™MP H,0, 100 °C to r.t. 2 T™MP
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Figure 5. Counter anion exchange from aryl(TMP)iodonium tosylates
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Figure 6. Synthetic applications of aryl(TMP)iodonium salts in metal-free reactions

_Q Conclusions and Outlook

Diaryliodonium salts are novel reagents for metal-free arylation of carbon and heteroatom nucleophiles. The
aryl(TMP)iodonium derivatives are uniquely promising toward this end as we and others have demonstrated their
use with C-, F-, N-, O-, and S-nucleophiles. As these reagents become more readily available through general
synthetic methods and commercial vendors their application in the synthesis of small molecules is anticipated to
increase. The surge of use of these reagents in the past year is evidence for that and I am excited to watch with

field grow in years to come.
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pm) X0 )REV, FLKRRTNVI-VERIEL, KEZRBLADPSSMLTLE) R E, N
VBN T I 7 ) REEEE. 300 ~ 400 °C I 5L, 7510 BI0E T x
SIS A D, BsNsHg 2 BgNgHig (22T 5, TOLHICKRT I Vid, N Ic
W & 13V 2 fEEE—IE 22 D R ->TBY, ST B-NABEEOBEMOMRD ICHET S,

TETIE, ZRAFERICEVWDORZD—FHE BRNICEZTH DD, BENLEEHENCL S
BIZSRB &N TS (—Fl& LT Chem. Mater. 2014, 26, 6265.) . Hiuk L 72w DR Y A, HREEME:
MEHCENSNBI72, T2, KEOWEMFEE LTOAHARNEZ GNE R E, BNLEWIE A v
k2 WfgeEIE & e o> TV D,

N BT =
L, SBRICADDEZRZEATLT VIV —VIdBEEZES I L2k, TIEBROET
EETEHREICLE, RYFZ = VIFERTRER D25 ) 7 ? 2002 4£12 K. Christe HA3R > % ) —
WV aFsh S BREOSNMOFIECEBEZMET LI LK L TWAED, REEHE XS 720 HEEC
EEE o7,

L2 LBaEIicz ), E - BRE T RFEOF — 405, XU ¥ =)V 7 =F v &l ki)
DT L7z (Science 2017, 355, 374.)c XV ¥ V=V ELENSE L7720, BTHGHEOMD T
EWEIRLETH S 3,5-UAF N4 FOFY 7o VEEZBEE S0 T AR L, #IEHE
T CERILH &2 B S & CEHILZ M L 72 HEBEEZITZ2 W, (N5)6(H30)3(NH4)4Cl % H S
ELTHETWVS, H30" R NHy BSAEHBET AL TRV I VY LVT =F v 2RFELL TS &
o, BA/MZDH 117 °C T TRIEICTEEET 5o

M7 TROBAELROBATH ), ERILATTFICBIT RS LERLE VR L) FHEOAE
EALEWIIZER, BT ANF—ALEWOMERICOERELEEEH52 29 1

Jox&EE 5 8I8
FMRTEROVEDTIIHED ) Y iE, ANTHRILFIZBWTIERR YA =R FTER, 72L&z
WO —VDEFEL) VICEIBRZZBOMEN TH B AR AR VL, FEHREPME L ARLETH
AT EDNHMOLNTWS, EO—LFF 7 = OREWDNEL, 2L OFEEP SR TVHIDL
WX HRA 72,

EZADEEWE LI, BIRD Ps FRBALEWIE Ry 7 — VX ) $ 5 LR 1986 F A
ENTVD, 7272 LEMOILEWTIE AR, " BMoRETFE LTRSS, BOLTIZZ7oaET
FEOLZZ, MYV T b —ROsEKE L CRIIICHE SN,
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(FLreranl >, KarsaLlL)

BATICRD, VY 2FRTEERIET LV OMAEDLED S5 BELIES L7z (Science 2015, 348,
1001.)e ¥HFa—+t v v TEASD C. C. Cummins 5 12 & B2, U 72 Ik >0ft
IR Z R L CREESERP %, TIMT NI T TFVT VBT L ENIBESETHEERT B, &£
AF UPREL TV L7-OHBEIERN L7225, 2V 77 F2RMLTF M) a4 4252
S8, PoN3 EDIEICT 5 LRICK o THREGBIZHEITD L 72,

X B R IENT DM R, 5 BERIIERISTFITH V), &S L ZEEGoPHTh L% L,
KFLERAEDS R THOEFREZFHo TWAE I EAVREE Nz, KELIZ) T LHERZEN
BN VEDS, BEIHFERDL ) F LT E V) DIREE V.

K% 3 B

FEEREVZIENVPUVEZ I LD ET L6 BB, RWTT7I50RE0—)V, FF 7205 ED
SEREMED A A —IU0mns, 3BBROLDOLHON TS, kH#E3 BEROFEFERILEWME LT
TV QR3-Ve Faxi v r7ua7ux) V) DT = b)) 2n BT ROFGERE L7290

O ADENLZEIHFET bo

FILEBS T =4 L DigE
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HL27 0, H. Braunschweig 512 &> C, TNEHEETNRATYEI BRILAWI GRS N2
(Angew. Chem. Int. Ed. 2015, 54, 15084.) . Cy,N=BCl, (Cy =¥ 7 an¥x Vi) %+ 1 ‘7-&“(“
BRIETHIEIZED, DEEAS% TTHOACEMPERT 50 ¥ 7 OANF D IVERIE IR RER R I
D, FROKFYEIERTBE,LLFoTVEEEIONL, &L LTIT=FrEi, F@
BIUCT MU DA A+ VD F 5 2 TEOR SR £ 5 2 EPBIRINTWE, 20401, B
RYEIRFOADPOE > TWEDL, HHEEELTUIE LEEREL V) LIk 5,

Cyw.,,.Cy 2z

N\
oy\N{,BQB~\~N _Cy

| |
Cy Cy

Triboracyclopropenyl Dianion

Z’) LZZBRPMRCT WL DL, AEERREOFAERE, BTk, ohFE Effoesn
HEartH 2L, SISV YV TOERPME > KRS H o SEIGHEAM L EN LD 72
ﬁ%ﬁ%ﬁ%‘?b‘kﬂﬁ{:\% Y%, SRLSOIHRILEMPERLTHI LS,

—HEHHNZIZETHERATRE L B R 7ALEWD, SR RABEDLDIZLE>TWnE, ZOH) S
TrRNL TAPEGTELZLE, BTAPERTEL] L) Va—)b - T2 VXDEFER,
LFDOWMFIZH Vo7 Y BTIRE L LER D, RIEIYEHILFREBEVEER LI ETING, W%k
HHROBINIYO THE =L L 72\,

HEERBT

{EiE fE&KEB (Kentaro Sato)

[CRE] 1970 F4£FN, ZWRES, RRIFAFAERICTERERZER, NESHICTRIFEMRRICKST 2E5,
R—LR—T [B#{2EMEE] (http://www.org-chem.org/yuuki/yuuki.ntml, 2’00 & kR (& http://blog.livedoor.jp/
route408/) %ZBiE%, {EZICRTHBEREREL TEle. RRAFAZREZRARENHERZ (LHEDH) 2T, HER
BAIIRSA5—EVTERR, BEIC [ARIEZEEMENKLSTZ] (BilffsTmtd), [EERISAIR] G, 1€
OURIHE] OR] (63xtt), [RRERMNREHR] Ghgtt), MEREEEZCE] @FEtD) &,

[CEM] Bi(EE
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EHERARFEER 2,6- YT IZILT7 Y NSEY

D5152 2,6-Diphenylanthracene (purified by sublimation) (1) 100mg 19,000 A

SREENEE NS R AMBERTFHRETIHEELT, RUTEEBRO o £EREMIE
TEENETONET, RoEtE, AXHELUEBBE LR TAREEERE L THSAETH,
L2RHDVIIERZREMEDEIHPEECTT, Ding, HublE, 26-Y 71T 58> 1) @
BELAEGREERAREL (Scheme 1), 10BN L X 2EMERELE LA 11E My T
27 B, OTS MLIED Si/SiO, £4R (Chart 1) ICHWT, BEE 10cm2Vs I EDFWVINT 4 — <
DRAERLET, ERENLZTNA X, BRPICEVTHRIBERETH D 2 EPREST ATV
ESC LN

(0]
OH OH ~ ~
900
HO HO 2,6-Diphenylanthracene (1) [D5152]
(0]

OTS monolayer

O Si0, (300 nm)
OOO Doped Si (gate)
(1)

Mobility: >10 cm?/Vs
On/off ratio: >107

ot
—
TiO O

Scheme 1. Synthesis of 2,6-diphenylanthracene (1) Chart 1. Device structure

[D5152]

Xk

1) Thin film field-effect transistors of 2,6-diphenylanthracene (DPA)
J. Liu, H. Dong, Z. Wang, D. Ji, C. Cheng, H. Geng, H. Zhang, Y. Zhen, L. Jiang, H. Fu, Z. Bo, W. Chen, Z.
Shuai, W. Hu, Chem. Commun. 2015, 51, 11777.

Hom/\> T v b e

AEHEINTLS DB ORGP
BARERBIIN—TEEED
CTHBALTVEY,.

B0, SHALREEL,

* Pentacene

- Coronene
- FEEUANDORERRM

www.tcichemicals.com/ja/jp/support-download/brochure/Q6004.pdf
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ANO7 Ah 4« bXGE WO FRK—IVEE1HE - V886

V0146 V886 (1) 19 18,000 5g 58,800 [

HE, FLEKBERE LTRXOTIHS VABEMPEEEED THY, YT N IFEbDN
DEE R —VEEME (HTM) OBFRELHITHN TV E T, Nazeeruddin 5 1, 3 Lk — JLEEEM
BELTHIWN—IEEEETZVE86 (1) &8REL TWVET s 113, spiro-OMeTAD & LEER
LTEIXMIEETE R 2 EXR AT RGEBREENSVAN B TVWET, £/, 2015 FICiE, 1
ERWTHERINAROTIHA PRBEMRFOXEEHRNRY, 16.91% 2RT Z EFREX
hTWET, CORRIE, EBHRE L TR X /- spiro-OMeTAD % EH L =R T OHXEEHED
£ 18.36% L IZIFREDET LAY,

OCH3 CH30

Au

OCHs OCHs
HTM layer (1) [V0146]

. CHaO \ /" 0CHs © ©
Perovskite ono—{ )t O () N H-oon,
TiO, + Perovskite CHQO 6 /®/00H3 oH0 _@_N O NO_ocH
TiO, © ©

FTO OCH; OCHsz

H3 CH30
V886 (1) spiro-OMeTAD

Xk

1) A methoxydiphenylamine-substituted carbazole twin derivative: An efficient hole-transporting material for
perovskite solar cells
P. Gratia, A. Magomedoy, T. Malinauskas, M. Daskeviciene, A. Abate, S. Ahmad, M. Gratzel, V. Getautis, M. K.
Nazeeruddin, Angew. Chem. Int. Ed. 2015, 54, 11409.

Homm/\> T v b eEEmEm

AEENCTV S HORRY
BRABREIN-TZIED
CHRMTULTVET,

BO, CHALLEEL,

« NOJ A4 bRBEE A E
- BRBRXEE (OPV) ##
- BFRIBRAREEH (DSSC) ##

www.tcichemicals.com/ja/jp/support-download/brochure/F2033.pdf
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¥iRETES DEACM (REE
D4970 7-(Diethylamino)-4-(hydroxymethyl)coumarin (1) 200mg 16,500 M

[7-(>ITFNTI/)4-(EROFIAFII)TIY L (1) &, VB XILKCEONXDEMESR
EEE L THEBEL, 300-450nm DX EBET I ETMIATIENF TEET N, 11E, KX T»
FIONSI b= 3-ULBICEBIY RY—LEBEREDORFRI®, 7F/ 0= BER
W3 RNABEDXFI#EAZ EICHER I TWET I,

NEt,
o]
on A
0 o OBt o (0] C7H1e
1n_o, o._n_0 2 o] C/H
A Mitistep 07 ~F g SR g RL— ¢
—_— /
AcOCH,0 . . OCH,0Ac o)
Et,N o~ ™o BO" 0Bt
(1) Bt = C4HoCO OBt
[D4970]
in vivo
hy Plasma membrane
v Endogenous esterases

\ 3

.

Early endosome 5 min
2.5 fold increase

Xk

1) (Coumarin-4-yl)methyl esters as highly efficient, ultrafast phototriggers for protons and their application to
acidifying membrane surfaces
D. GeiBler, Y. N. Antonenko, R. Schmidt, S. Keller, O. O. Krylova, B. Wiesner, J. Bendig, P. Pohl, V. Hagen,
Angew. Chem. Int. Ed. 2005, 44, 1195.

2) Activation of membrane-permeant caged PtdIns(3)P induces endosomal fusion in cells
D. Subramanian, V. Laketa, R. Miller, C. Tischer, S. Zarbakhsh, R. Pepperkok, C. Schultz, Nat. Chem. Biol.
2010, 6, 324.

3) Light activation of transcription: Photocaging of nucleotides for control over RNA polymerization
A. V. Pinheiro, P. Baptista, J. C. Lima, Nucl. Acids Res. 2008, 36, €90.
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FOOVFF—EHEA : 2,5- VE FOF I FVEEXFIV

M2520 Methyl 2,5-Dihydroxycinnamate (1) 10mg 6,500 1 100mg 38,500

Table Inhibition activity of methyl 2,5-dihydroxycinnamate®®

(o}
Il
CH=CH—C—OCHj; Inhibition 1Cs0 (ng/ml)
OH EGFR-tyrosine kinase (in vitro) 0.15
Cell growth (ER12 cells)
HO Methyl 2,5-dihydroxycinnamate 0.5

1 Erbstatin 1.65

ItERERFSEE (EGFR) FOL L3 F—tHOREERO—FETHBIIILTIZF U5,
BELPOBEINELAY, 25-CE FOXFVITVWEEXFIL (1) BIILTIL2F L OFEMET,
EGFRFOY > %+ —t4#[AELET 2, 1135/, EGFROBEY CELA2EETEZ bR
NTWEd, 113 EGFR 2BFIFB &£/ NIH3T3 #f2 (ER12) TEGFIc&k > THEEINARE
MEOZILEBRELET (Table) ¥, 1 3 FIVAERTCINTARFLDHAERETH B &
PRENTWVWET 2,

AHBIRETHY, KRB AEHOAICIFIAL L&,

Xk
1) Studies on a new epidermal growth factor-receptor kinase inhibitor, erbstatin, produced by MH435-hF3
H. Umezawa, M. Imoto, T. Sawa, K. Isshiki, N. Matsuda, T. Uchida, H. linuma, M. Hamada, T. Takeuchi, J.
Antibiot. 1986, 39, 170.
2) Inhibition of epidermal growth factor-induced DNA synthesis by tyrosine kinase inhibitors
K. Umezawa, T. Hori, H. Tajima, M. Imoto, K. Isshiki, T. Takeuchi, FEBS Lett. 1990, 260, 198.
3) Inhibition of epidermal growth factor receptor functions by tyrosine kinase inhibitors in NIH3T3 cells
K. Umezawa, D. Sugata, K. Yamashita, N. Johtoh, M. Shibuya, FEBS Lett. 1992, 314, 289.

FOYVFF—CHEEA : FILIKRAFY AG 1478

T2944 Tyrphostin AG 1478 (1) 25mg 40,700 H
/@\ Table Inhibition of selected protein kinases by AG1478"
HN cl Protein kinase 1Csp (LM)
CH30 N EGFR 0.003
) Her2/neu > 100
CHZ0 N7 PDGF-R > 100
1 p21 (Bcr-Abl > 50

FILRAXFLAGI478 (1) B7OF1>FOL % F—EFORERT, LEREREFZES
(EGFR) ICEWRIRMEERLET Y 113 Table ISTRT & 2 BtbD ¥ F—EICH T 5 IC,, HEVME
ERTDICLEN, EGFRZ3nM D ICy, TRRHEL ¢ Vo 1 EMBRHLEFDS X TSF L HB5 03
NT)2xwIOEAEDE I, FERREMROEERS ICHRDRESIZEITIENRES
W72,

FEBEIHETHY, BB - HRAOAICIFRLL LI,

Xk
1) Tyrosine kinase inhibition: An approach to drug development
A. Levitzki, A. Gazit, Science 1995, 267, 1782.
2) Synergistic anti-neoplastic effect of AG1478 in combination with cisplatin or paclitaxel on human endometrial

and ovarian cancer cells
N. Takai, T. Ueda, M. Nishida, K. Nasu, H. Narahara, Mol. Med. Rep. 2010, 3, 479.

RiERm
D3371 Cisplatin 100mg 6,100 [ 1g 28,600 A
P1632_Paclitaxel 100mg 38,900 M
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8%t 0—7 : 5-CFDA

2859 5-Carboxyfluorescein Diacetate (1) 50mg 5,000 F§ 200mg 15,000 A

AKX TINAL AT T 42— (CFDA) (3R pH OBEIEICERE %7 Y, CFDA
BRBICHBEBANERL, AIVRFZFITILF LS D ICEGBENET, COAIRFITILFLE
A TNF LA ACERTHIERICEKEBE Y ET, 2078, CFDA KMBBRAERDT v &
ISR EhET 2,

5-HILEKXITINALEA LI TEEZ— b (5-CFDA, 1) OB TO-TEHAEHET
FRAP 7 vt ICbERE N % ¥, Plominsky 5IC& 237 /N7 1) 7ORBMATEDMET
i, 1EHIETI A FRAP 7 vy 21 ICAVWSRTUVET 3,

FRAP: Fluorescence recovery after photobleaching (JtE&#%HtE1E)

AHREIAETHY, HB - HARAOAICIFACZE VL,

3k

1) Intracellular pH measurements in Ehrlich ascites tumor cells utilizing spectroscopic probes generated in situ
J. A. Thomas, R. N. Buchsbaum, A. Zimniak, E. Racker, Biochemistry 1979, 18, 2210.

2) Carboxyfluorescein fluorochromasia cell-mediated lympholysis. A comparative study
J. J. van der Poel, M. J. Kardol, E. Goulmy, E. Blokland, J. W. Bruning, Immunol. Lett. 1981, 2, 187.

3) Intercellular transfer along the trichomes of the invasive terminal heterocyst forming cyanobacterium
Cylindrospermopsis raciborskii CS-505
A.M. Plominsky, N. Delherbe, D. Mandakovic, B. Riquelme, K. Gonzalez, B. Bergman, V. Mariscal, M. Vasquez,
FEMS Microbiol. Lett. 2015, 362, fnu009.
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