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WFZER R OMEEE (330) : Peridinin and fucoxanthin are known as representative auxiliary
light harvesting pigments for photosynthesis in the sea. In the super complexes
constructed with these carotenoids, chlorophyll and protein, respectively, exceptionally
high (>85%) energy transfer efficiencies from the carotenoids to chlorophyll have been
reported. This high efficiency is thought to be related to the unique structure of the
carotenoids, which possesse allene and carbonyl functions. There are, however, no studies
on the relation between the structural features of these carotenoids and their super
ability of the energy transfer. We then focused on the subjects of how these functions
play a role in the exceptionally highly energy transfer. We have achieved the efficient
syntheses of these natural carotenoids and their modified derivatives on allene and
conjugated polyene. Measurements of their ultrafast time resolved spectra and Stark
spectra have strongly suggested that the structural feature of the both carotenoids has
essentially contributed to their super ability of the energy transfer.
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RS n: 5 6 7 8
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Methanol 11 9 10 9
Solvent C33 Der. C35Der. C37 Der. Fx. C42 Dér.
A n: 4 5 6 7 8
Hexane 65 182 97 62 22
Methanol 14 17 22 18 15

(1)-2: RNT, BHRMT X LT —(EZZED
LD S BT RN F— LD E 57
HME AT A0, 7L E LA
V7 4 D30NS U= U
ROFH U Ry NMEKEEB L, 20
L5FD Sip THRILF— L ~YUZONWT, BEIC
A L7 axY o F o OfMY T DR
&R E IR REE o RN A X7 R L DFER A&
el at L, el 7 a3y o F U RN il
WU 72D TR 72 BB O — M2 MEET 5,

2) RVP=vDA4 VT 7T /YK
ROGHERSR

@-1: RV =BV TAVF T
T U RERBPEDOX D e REERZL
TWAENEMRHAT IS, ZOFRERK



BRI~ T N IEEEEEO A KE
ERRETLTc, ZORER, M THhRNR
SEMBU Ry PGS ZFEBL . ZDOH
RIEDOBFICRT L=, Z OA&RIEIESE
ik 2+ Il 21 X000 TR <,
IS JSHARETH D, £ 2 TZ OEKIE
PREIZLT, RV P= B IRV T T
F ) FEEEEEFI LT 4 v —25 B LW
Togh R~ BEl X7 2 MOEBIR
DER AR LTz, B LTz 2 FROMEZIKED
i i IR ] A R R A <7 S v Z2JIE LT
A AVFTUTT U RERMIIT R RIS

ALET DA TIE, B L 6T, S =

T — L VLEBH SN2 o Tc, 2D X
AN, A VT TT 70 REREESICHLI D
T, AL —)VHTY S BERIS Ve
EIPDTTHY . S DBIHISND T2
WZAX VAR = ATt LT+ FEXRRT
RINERS72N EREFEEINTZLEEF X
% (Fig4) .

Fig.4 Ylidenebutenolide Shifted Derivatives

Dlpole Moment OH

ﬁ W
AcO

Peridinin

)%MW
jjﬁ 3.89' O
AcO

Shifted Derlvatlve (5-1)

M/M
ﬁ 3.36'0
AcO Shifted Derivative (5-2)

@-2: &5tz <T, RVY=>0A4VF
V7T 7 U RERER N R TR R M o R
L, BRERA T R X —REREE AT 5
A b Ao EZBRL, XY V=1
BWTHMOBBERELZES LAV T VT
7/ U NBROAEHT HHBEREE T
AV LTz, ZTOX D ek e LTHT €30
HRIROB IR Lz, 5%, 32 Mk
&E%éﬁb\:hgwﬁg%\ﬁiﬁﬁﬁ
<ﬁt&wz%ﬁm%ymmé¢5%@
ﬁ:&: PRI LR - fRET L. SRR EHICHL A
Xiht4)7/77/)kﬁﬁﬁmam

FFX— LUV BT 2 R E 2 REET
éo

@) 7axPrF Uz k767V/FA®
SR BRI, ’\) /w— Té?l//;f*/\
1. hEIRELC IIRRIZERRT D

:&%ﬁmﬁbfwéo%:f\:@ﬁ%ﬁ
TaxHhrF U THRY LA RO
MENDERET D720, TV rad L7 4 v
(2L L7 C2 iR & 7T A o LRt LT,

FORER, TakxYh o F 0247 4 UFE
BIBRDOERIZKEI L, 200 FIEBTRESIZ
AT L2 RWELZEFig5),

Fig.5

OSET
AcO X + OHCTNRTN

C15-Olefin Segument C17-Aldehyde Segument

OH
Qo
D NaHM)DS w/fw

2) TBAF  AcO C32-Olefin Derivative

Lth. T OFERZAR D 28 R ] 4y R I A <
7 MVERIEL, T LUUREEOR-THE A
BErd 5,

VAl ABFERE T2 T0E LT2 AR
EDHITDHIENRHRILLEEAD,

5. E/RFEERE
(WFgeAREE . TR0 R OB E 1
1X TR

[%nunﬁﬁj{] (n+ 7142)
1. Effect of Molecular Symmetry on the

Spectra and Dynamics of the Intramolecular
Charge Transfer (ICT) State of Peridinin.

Enriquez, M. M.; Hananoki, S.; Hasegawa,
S.; Kajikawa, T.; Katsumura, S.; Wagner,
N. L.; Birge, R. R.; Frank, H. A.

J. Phys. Chem. B 2012, 116, 10748-10756.
A0
10. 1021/ jp305804q

2. Stereocontrolled Total Synthesis of

Fucoxanthin and its Polyene
Chain—modified Derivative.
Kajikawa, T.; Okumura, S.; Iwashita, T.;

Kosumi, D.; Hashimoto, H.; Katsumura, S.
Org. Lett. 2012, 14, 808-811.

i

10.1021/01203344c

3. Singlet and Triplet State Spectra and
Dynamics of Structurally-modified
Peridinins.

Fuciman, M. ; Enriquez, M.; Kaligotla, S.;
Niedzwiedzki, D.; Kajikawa, T.; Aoki, K.;
Katsumura, S.; Frank, H. A.

J. Phys. Chem. B 2011, 115, 4436-4445.
i

10.1021/jp110092¢c


http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&SID=Q23fhPAOB17i8i9dOLg&field=AU&value=Enriquez,%20MM
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&SID=Q23fhPAOB17i8i9dOLg&field=AU&value=Hananoki,%20S
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&SID=Q23fhPAOB17i8i9dOLg&field=AU&value=Hasegawa,%20S
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&SID=Q23fhPAOB17i8i9dOLg&field=AU&value=Hasegawa,%20S
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&SID=Q23fhPAOB17i8i9dOLg&field=AU&value=Kajikawa,%20T
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&SID=Q23fhPAOB17i8i9dOLg&field=AU&value=Katsumura,%20S
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&SID=Q23fhPAOB17i8i9dOLg&field=AU&value=Wagner,%20NL
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&SID=Q23fhPAOB17i8i9dOLg&field=AU&value=Wagner,%20NL
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&SID=Q23fhPAOB17i8i9dOLg&field=AU&value=Birge,%20RR
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&SID=Q23fhPAOB17i8i9dOLg&field=AU&value=Frank,%20HA
http://apps.webofknowledge.com/OneClickSearch.do?product=WOS&search_mode=OneClickSearch&colName=WOS&SID=Q23fhPAOB17i8i9dOLg&field=AU&value=Frank,%20HA

4. Stark Absorption Spectroscopy of
Peridinin and Allene-modified Analogues
Kusumoto, T.; Horibe, T.; Kajikawa, T.;
Hasegawa, S.; Iwashita, T.; Cogdell, R.
J.; Birge, R. R.; Frank, H. A.; Katsumura,
S.; Hashimoto, H.

Chem. Phys. 2010, 373, T1-79.

i

10.1016/j. chemphys. 2010. 01. 018

5. An Approach Based on Organic Synthesis
toward Elucidating the Mechanism of Super
Energy Transfer Efficiencies of Peridinin
in Photosynthesis

Kajikawa, T.; Furuichi, N.; Katsumura, S.
J. Synth. Org. Chem. Japan, 2010, 68,
625-637.

i

DOT 7z L
https://www. jstage. jst. go. jp/browse/yuk
igoseikyokaishi/68/6/_contents/—char/ ja
/

6. Triplet State Spectra and Dynamics of
Peridinin Analogs Having Different
Extents of m-Electron Conjugation.
Kaligotla, S.; Doyle, S.; Niedzwiedzki, D.
M. ; Hasegawa, S.; Kajikawa, T.; Katsumura,
S.; Frank, H. A.

Photosynth. Res. 2010, 103, 167-174.
i

10.1007/s11120-010-9535-y

7. Syntheses of Ylidenbutenolide—modified
Derivatives of Peridinin and their
Stereochemical and Spectral
Characteristics.

Kajikawa, T.; Aoki, K.; Iwashita, T.;
Niedzwiedzki, D. M.; Frank, H. A.;
Katsumura, S.

Org. Biomol. Chem., 2010, & 2513-2516.
i

10. 1039/c002006k

(%R Gt 16 4F)

1. Koki Yano, Takayuki Kajikawa, Shohei
Hananoki, Takashi Iwashita, Harry A. Frank,
Hideki Hashimoto, Shigeo Katsumura,
”Synthesis of Peridinin Derivatives
toward Elucidating the Mechanism of Super
Energy Transfer Efficiencies of Peridinin
in Photosynthesis” the 12nd International
Kyoto Conference on New Aspects of Organic
Chemistry (IKCOC-12), November 14 2012,
Rihga Royal Hotel (Kyoto)

2. Koki Yano, Takayuki Kajikawa, Takashi
Iwashita, Toshiyuki Kusumoto, Dariusz M.
Niedzwiedzki, Hideki Hashimoto, Harry A.
Frank, and Shigeo Katsumura, “Energy
Transfer Mechanism of Polyfunctional
Carotenoids in Marine Photosynthesis
based on Organic Synthesis” 19%
International Conference on Organic
Synthesis, July 5% 2012, Melbourne
(Australia)

3. b/ AREEE, ER)IME ., BIEE ., Bkt
. T A VT T ) REEERY T FEE
T U= ERIROAR” . B AR LT
S92 FEMES 201243 H 27 H (BISFE
BRFHEX v L /3R)

4. REEG, RIIEZ, BRI, BAF
B, BREE, ” 7oL FLIcBIAT
VRS OBRBMICm T EBREO S
B . BARETEEE 92 BFEFE 2012 4 3
H 26 B (BISHRBARTFHEFEx v /3R)

5. BRI, HRINEUZ  /INEREH, FEARTS 1,
AT ERE, 7 B-=RF T b EEOT L
Fb ROBRWER Y 2V Ty T Y 7
FISIZ & D 7 axH o F U EREOAR” |
AR FEE 92 BEFS 201243 A 26 H
(BILERARFHEF ¥ /) R)

6. #RJIELZ, A5 N2, Harry A. Frank, &
AT, BRI, 7 ARG RN R T 5
BRREHOWEI T ) A NOMREMRIA” |
AR TFEE 92 BEFS 201243 H 26 H
(BISEBRFH & v /3 R)

7. BRI, BAR, B K, REFE
RO e R, ANBKEE, YA 1 FEATS R
AT R E, ARG RN D ML A K
FH Y ZEREM I 0T ) A FOMEREAZI”
% 63 FIRARA L EYFERS 2011 9 H
27 B (KBERER G % —)

8. )WLz, WA, KEEL, & FF,
INERE, AT AR, 7 SeA Rk
VX — AR AR R AT Ty D e
T I)A R7axY o F o lO0F0EBEK
DA, B 25 mAhvT ) A RFERGES
2011 4E 9 A 13 H (oK IZTEBESES)

9. WBINERZ, BT, & FZFE, NEKE,
AT, AT ARIE, 7 WG R OB RERF
RICHid7=7 axd o F o B8LO0F0EK
ROEGR”, 5 46 BIRAMLFRGES 2011
FETHTH @AY, Fri)



10. B/ AR, ERJINE ., #IIEe, B
MElE, ~ A VT 77 ) REiE V7 b &
FIHHARY V= RO GR” . BRI
P 91 FBFAES 20114 3 H 29 A (B4
JIK SRR v /R R)

1. BRI B IME . AT, A& 3%,
Harry A. Frank, WAGE, BBAaklE, ~ A
BEORE MR L LT e Bl a5 e
T A ROMREM” | BHALERE 91K
ZRAES 201143 A 29 B (Fh )1 KRR %
¥ L /NR)

12. BAE, Bz, & FF, BAFHR,
AR E, 7 S EREEIeT A4 K, 7af
P F B IOEORERIEAGK” . BT
91 HAEES 20114 3 H 29 H ()1
KRR v L /3 R)

13, BRAE, 167 R, BRI . R R
He. 7 SO RAIENERLIC BT D =R X — (5
EEE O 7 ax o F U MR
BB LONY U= EREOAERKR” 5 30
A HEARE T2 ) —, 20104 11 A 10 H
(R BRIFNE R AR i )

14. BRI, BATES, PSR RkiE, 7 o
RARF R ML ERE L7 2%
P F DA, F 54 RER e TARUB
FONEIMILIC B3 25 me 2010 4 10 A
23 B (JUBLRFHIFFp 73 R)

15. Takayuki Kajikawa, Shinji Hasegawa,
Takashi Iwashita, Toshiyuki Kusumoto,
Dariusz M. Niedzwiedzki, Hideki Hashimoto,
Harry A. Frank, and Shigeo Katsumura,
”Syntheses of Peridinin Analogues Toward
Elucidation of its Highly Efficient Energy
Transfer Mechanism in Photosynthesis” 18

International Conference on Organic
Synthesis, August 5 t h 2010,
Grieghallen Culture &  Convention

Centre (Norway)

16. )z, BER)IIMEZ, AT, AR
1T. Dariusz M. Niedzwiedzki. Harry A. Frank,
AT, AT ErE, 7 ML A R A O
YYD RV XF—(REHEE & FEIER
REME” . 5 45 MIRIMLFaREES 2010 42 7
A48 (CRERAT VLT

(XE) GE 21F)

1. An Approach Based on Synthetic Organic
Chemistry Toward Elucidation of Highly
Efficient Energy Transfer Ability of
Peridinin in Photosynthesis

Takayuki Kajikawa; Shigeo Katsumura. In
ARTIFICIAL PHOTOSYNTHESIS; Mohammad Mahdi
Najafpour., Eds.; In Tech: Croatia, 2012;
Part 2, Chapter 7, ppl35-152.

2. BRINBLZ ., BRIl NiHEE D =7 ) A
ROEH IR X VX —RED L B &5y
T LUV TREE AT AL LAY 2011 4
49 & 4 A 5p281-286.

6. WFIEhR

(1) gk
kT e (KATSUMURA SHIGEO)
BEVE Fe KT - BTS20 - #of%
WFFEE %5« 70047364


http://www.meizanso.com/

