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Application of heteroatom-embedded porphyrins to photodynamic therapy
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o _ Photodynamic therapy (PDT) is a non-invasive cancer treatment that employs
photosensitizers and light to generate singlet oxygen. In this research, we elucidated that 5,
15-diazaporphyrin appended with D-mannose moieties was sufficiently soluble in water and exhibited

the strong PDT activity toward human breast adenocarcinoma at a nanomolar level with short light
irradiation time.



¥ X C—19. F—19—1, Z—19 (5@

1. WFFERRAE S P DT 5

JeHR 177915 (Photodynamic Therapy = PDT) & 1, JEHEIEIC K 2 —EIEMER I A A FIH T 286
WIE T D, EH MM~ DOREND MR IR RE L L TERMEDED DTN 5,
PDT Tik, A7 4 072 v 7 =0 2 A & U CREMRMNICEAL, Za i
T5Z L TRIGHEDEW—EHEBE A ST D, TORE, 4 U —HIEFR DA 2 58
LA SH %, PDT YEHSEANCIL, SeIEMRS FCixldHcH o — 05, EEN O LDORILA 2\
T ARSI T ORI & J WV —BHIAFR R I LR RO B D, LarL, PDT OJeHEHA & L
THERAWONTERE T + M7V AT O A 1T & A BRI L 72V, Z D72, Sl
FER EDORWER AR SR T Z LR L 2> T W5, 207D, IREEIC PDT Z2HMH+ 5% &
EBITHIBBUE & W ) RIER Z B 2 2 72 9DI2iE, T aRSMEIEIC TR IR 2 % - LI o BA %8
MEER DI L 72> T D, Fxld, ZNETY 7 AB L OEEOMIEE & PDT HIEANIZE
T L LFERFRR ATV, ~T RJRFEERL T 4V U THLUTFRLT ¢ U L FHERDAP)N
PDT HOHEAIE L THETHD Z & &2 72 LT 5 (Kim, Gary-Bobo, Richeter, Shinokubo et
al. Chem. Commun. 2018, 54, 13829-13832), % Z T, Z OEFEMLFEMIEZ S 5 IT3 R S 58I HE
HEFTDHZ LR, SOICHHREEAIOMMEZ BIE L, AFEEZEHE LT,

itkDOPDT HO
FeHEREA N
74 2 =
=N HN-Y
o) 0 \ /
NH w
0
\ SN
. DAP
TARI!
NaO,C A%
2. e EM

AWFIETIE, ~T a R e EGORA LT ¢ U UFHERE O CTEIEMET RSN PDT YHE A
T AHAZEAENE LTI EIT o 72, FFIC, ZNETOMRENLHEETH S Z LB L)
12725 T 5 DAP FHERZHKMENLT 5 & & BT, DAMBEA~OERIRILY iIAHZ ATEE & 3
HIOBEMHBIEL LT D-v > /) —REFBATHIE LT, BT, VTFRLT 0 U LSO~
TRFFEERLT 0 ) AT THEERKEITV., PDTIEEZFHMIT 5o Z L2 HIE L7,

3. WDk

B E R T A0, AA-MEE-7F 20 ZFEHE cEBERMI EET> 2L L=, H
ARF—LTANTanReGUHHRANLT 0 U UFBEEREAGR L, EBENEERIEZITH 2
LIZk D EE LW Z R LT D07 EOBLEN G . MR FEROA L 72 DAY
BN ONED Zie, WRIZ, BEFT—ATIE, BATFT— ALY GRENTALEHO X 0 G2
S PERIE % @ RE 0 R E 1 K 0 ATV S EIEGE R B~ O HEZZ 22O R 2 IR ET D, -,
WTARANEICHNE 2 W C—EIERFE D ORNEBIN - EETHZ LIk, —EHERBERAR
BERET D, ZHUTED  AMFOEROBEREZMINGT 2 ECEERT —X #0535, KIZ
T AF— LTI, B PO AR A VNV invitro TO PDT EBRIC L W bEWE A7 U —
=27 L, BERLEMOREEKZ VAT Z & & Lz, &BIC, LR oiFea 2 £ 7 b o
LT B, BRI GETHRE N L AbEMEELZ TT 7 v A~H W CHFEFGEZ
S35t & Lz,

4. WF7EEk R

BN PDT IGMEZ R Z LA BT 72 - TV D DAP IIKIEMHEN R4 ThH 0 | 28 A~
DA ROE T 2TV, 2T, DAP ([26 L THEBHZ A LEUKMEAZ S 5 = & &5
L7, ZOBRBOT- DT DT LI- DAP OBE#LELIZ T 5 BRI R FZ LS E WS
Z & & L7=(Shinokubo et al. Dalton Trans. 2020, 49, 14786-14789), & #{EHIE5Z LI1T LD
DAP ZEHFEN L. ZNIZ LT Ry 7= Ru U Badk-Els oAby 7 v S8
HZEIWZEDV T2 ) —NVEELOUTYRALT 4V 2 AR LT,



O >
(4 equiv)
X \ \ N \ Pd,dbag*CHCly (8 mol%)
\__NH AuBrs SPhos (16 mol%)
AgOTf K3PO4 (8 equiv)

N

60°C, 24 h
WRIT, 21Tk U THERA A 3 2 RIZEHSUSIC LV BEA L TLEM 4 2/ 7-0b, 7 F ik
ERRET D Z LRV EME T2 D-v o ) —AABHABA LT TRV T 4 U 5 25K
THZ LI LT,

2 (49%)
HO

OAc,

AcO i
AcO

Strop-e

2 K>CO3 (12 equiv)

DMF
100°C, 4 h

froopme
o ;O 4: X = Ac (67%)

)NaOMe/ HF
O,
OX 5: X =H (75%)

Phase contrast 2=633 nm Merged

Control

BN THFRLT 4V 4 BEOS 1T 0728k EE2r Uiz, SERINEHES BAFCTho
ttw UTHERNT 4 U 2,4 BLONSIZOWVWTERFHNEREZITH> L E Lz, £7. /LS
MBEOBFEMEIZOWTHELLEZ A, WTHOLEH LREFT T DI AMMAE(MDA-
MB-231)! ﬂbfﬂ%%ﬁé&w EMM ot WIT, TNENDOLEY DML RN %
HESPHEICL VTRV T 0 ) O E2BET S LICX VMG L2, ZOEE., {bE
W2 BRIV ITITEACESEEZRERVDIZH LT, /LAY 5 1XE WA THZ R L
77o 1BFID D-~ > ) —ZADHAFE T TIHEAY 5 OAMPAN~DEAN RN KIEIAL T2 2 &)
5, DAMRREO~ Y ) — AZFEPHBANBITICEBW TEE2&HEZ R L THNDZ ERN



HGMNE o Tz,

W, PTHERLT 4 V2,4 BLOS5 O NOANAFIBMDA-MB-231)I2%3 % PDT %
PEZRHE L7z, HRENFEIL 650nm & Lz, ZTORE, 2 8L 04 13T E A EPDT IEMEEZ RS
72N —FHT51X50nM & WO IREIZRB W T H B2 PDTIEMEEZ R 2 E B LMo 7,
L— P — B FREIC DWW T, 10 0 TIE IR 5525, 1 43 & v ) R OB T %
500nM CTlE+072 PDTIEMEARTZ 2 RWE LTz, 2B, ZOERIZOWTIAANS 7 Z
> ATIRGE R 13 DN T i L7,

5 min {10 min
120 120
103%
o 100% 97%  192% — a8% . 100% 100%  98% 101% .
& 1004 = T — 3 (-) Light ® 1009 = . 3 (-) Light
o % Bl (+) Light S Bl (+) Light
@ 75% ©
o 804 Q804
@ o
= 60 = w0
g *x <
44% [=]
= = i
g 40 g 40
£ £ ek
E 20 - 3 20- 17% -
9% 6%
ol Ll : : L ol L, ; ; |
0 50 100 500 0 10 50 100
Concentration (nM) Concentration (nM)

b, D-vv /) —AAEZBA LT RALT 4 ) UaBEARN e O AMIE
(MDA-MB-231)IZxt L CEAZE 72 PDT {EMEZ "7 Z & 28] 522 L72(Org. Biomol. Chem. 2022,
20, 8217-8222), i LIXZDEHE SNANEDN L YL FMMEEDO I N— I F X —%ffin 2 L &
oty SBIEIMMO~T o FTFE/RLT 4 U AZHONWTE D-v v/ —ZAIgHEEA L, PDT
EMEZFHE L TW FETH D, BT, XV R T 4 U UFEKICOWTTHETF— 2 & ot
FBFREIC LD . ZEHIOEZ R TR ERELR N TFRMEEZR O L Z2WLNCTH LN TEL
(Angew. Chem. Int. Ed. 2021, 60, 2915-2919), Z DILEMIZHONT HA A= v TR A AFE~D R
B A R 2 T, MARPE AT M TETH D,

TRB . AFROZT, FRCEEEH 72 LRFIEIC OV TIE, Covid-19 D30T 2w 7 DR EE K
LRI, 20, MBEEME A TR L TIEE2 T2, SEIZIZITELTWEZT T
AW TOMEF R 21T 9 LN TE, SRICOBRDBDIMRPHFEONTZHDLEZEZ TS,



12 12 5 0

Yagi Atsumi Okada Naoya Fukui Norihito Tanaka Hisaaki Hatakeyama Takuji Shinokubo Hiroshi 51

Nitrogen Extrusion of Diazacorrphycenes to Azacorroles and Synthesis of Two Types of Copper 10- 2022

Azacorrole Complexes

Chemistry Letters 321 324
DOl

10.1246/cl.210777

Takiguchi Asahi Tanaka Hiroki Maeda Hiromitsu Shinokubo Hiroshi 95

Diverse Crystal Structures of lon Pairs Consisting of Oxaporphyrinium Cations and 2022

Pentacyanocyclopentadienide

Bulletin of the Chemical Society of Japan -
DOl

10.1246/bcsj .20220026

Takiguchi Asahi Sakakibara Erika Sugimoto Hiroshi Shoji Osami Shinokubo Hiroshi 61

A Heme- Acquisition Protein Reconstructed with a Cobalt 5- Oxaporphyrinium Cation and Its 2022

Growth- Inhibition Activity Toward Multidrug- Resistant Pseudomonas aeruginosa

Angewandte Chemie International Edition -
DOl

10.1002/anie.202112456

Hanida Kensuke Kim Jinseok Fukui Norihito Tsutsui Yusuke Seki Shu Kim Dongho Shinokubo 60

Hiroshi

Antiaromatic 1,5- Diaza- s- indacenes 2021

Angewandte Chemie International Edition 20765 20770

DOl
10.1002/anie. 202109003




Takiguchi Asahi Shinokubo Hiroshi 51

Synthesis and Tautomerization of 5-Azaporphyrinium Cations 2022

Chemistry Letters -
DOl

10.1246/cl.220122

Takiguchi Asahi Inai Naoto Kang Seongsoo Hagai Masaya Lee Seokwon Yanai Takeshi Kim 58

Dongho Shinokubo Hiroshi

5-Thiaporphyrinium cation: effect of sulphur incorporation on excited state dynamics 2022

Chemical Communications -
DOl

10.1039/D2CC00522K

Takiguchi Asahi Kang Seongsoo Fukui Norihito Kim Dongho Shinokubo Hiroshi 60

Dual Emission of a Free- Base 5- Oxaporphyrinium Cation from its cis- and trans- NH Tautomers 2020

Angewandte Chemie International Edition 2915 2919
DOl

10.1002/anie.202013542

Longevial Jean-Francois Miyagawa Kazuya Shinokubo Hiroshi 49

Site-selective halogenation on meso-mesityl substituents of 10,20-dimesityl-5,15- 2020

diazaporphyrins with an AuXx3/AgOTf combination

Dalton Transactions

14786 14789

DOl
10.1039/D0DT02727H




Yagi Atsumi Shinokubo Hiroshi 26

meso- Diazacorrphycenes: Neighboring Effect of Two Nitrogen Atoms 2020

Chemistry A European Journal 8210 8213
DOl

10.1002/chem.202002053

Yamashita Daisuke Omori Hiroto Fukui Norihito Shinokubo Hiroshi 24

Synthesis and properties of 5-aza-15-thiaporphyrins 2020

Journal of Porphyrins and Phthalocyanines 84 89
DOl

10.1142/5108842461950069X

Chia Wen Xi Nishijo Mayu Kang Seongsoo Oh Juwon Nishimura Tsubasa Omori Hiroto Longevial 26

Jean- Francois Miyake Yoshihiro Kim Dongho Shinokubo Hiroshi

Site- Selective N- Methylation of 5,15- Diazaporphyrins: Reactive Cationic Porphyrinoids that 2020

Provide Isoporphyrin Analogues

Chemistry European Journal 2754 2760
DOl

10.1002/chem.201905402

Ali Lamiaa M. A. Miyagawa Kazuya Fukui Norihito Onofre Melanie EI Cheikh Khaled Morere 20

Alain Clement Sebastien Gary-Bobo Magali Richeter Sebastien Shinokubo Hiroshi

D-Mannose-appended 5,15-diazaporphyrin for photodynamic therapy 2022

Organic and Biomolecular Chemistry 8217 8222

DOl
10.1039/D20B01410F




15 2 4

31

2021

31

2021

, Seongsoo Kang, , Dongho Kim,

Facile Synthesis of Bilindione and Optical Property of 5-Oxaporphyrinium Cation

11th International Conference on Porphyrins and Phthalocyanines (ICPP-11)

2021

Synthesis and Property of 14,15-Diazacorrphycene Palladium Complex

11th International Conference on Porphyrins and Phthalocyanines (ICPP-11)

2021




Redox-Induced Reversible [2+2] Cycloaddition of Etheno-Fused Diporphyrin

11th International Conference on Porphyrins and Phthalocyanines (ICPP-11)

2021

102

2022

Asahi Takiguchi, Seongsoo Kang, Norihito Fukui, Dongho Kim, Hiroshi Shinokubo

101

2021

Shuhei Akahori, Hiroshi Shinokubo, Yoshihiro Miyake

L&l

101

2021




Kensuke Hanida, Norihito Fukui, Hiroshi Shinokubo

2020

Asahi Takiguchi, Norihito Fukui, Hiroshi Shinokubo

Synthesis and Properties of 5-Oxaporphyrinium Cation and Its Application

GTR

2021

Atsumi Yagi, Hiroshi Shinokubo

Synthesis and Property of 14,15-Diazacorrphycene Metal Complex

GTR

2021

46

2019




46

2019

14,15-

100

2020

Hiroshi Shinokubo

Fusion of Porphyrin Chemistry and Organic Chemistry

Commemorative symposium in Kyoto on the retirement of Prof. Atsuhiro Osuka

2020

http://www.chembio.nagoya-u.ac.jp/labhp/organicl/index.html

http://www.chembio.nagoya-u.ac.jp/labhp/organicl/index.html

Dongho Kim Group

https://ww.fpieslab.com/

Institut Charles Gerhardt Montpellier
https://www.icgm.fr/sebastien-richeter

Institut des Biomol&#233;cules Max Mousseron
https://ibmm.umontpellier.fr/spip.php?page=pageperso&id_user=366&lang=fr

http://www.chembio.nagoya-u.ac.jp/labhp/organicl/research._html
Sebastien Richeter
https://www.icgm.fr/sebastien-richeter




(Miyake Yoshihiro)

(00347270) (24506)
(Shin Jiyoung)

(30622295) (13901)
(Fukui Norihito)

(70823277) (13901)




