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In this research project, we aimed to create new core-modified azaporphyrins that
absorb visible-near infrared (NIR) light for application to organic solar cells. First, we established a
general method for introducing Tt -conjugative substituents onto the peripheral carbons of
diazaporphyrins. We investigated the optical and electrochemical properties of the newly prepared
diazaporphyrins. The introduction of an electron-donating substituent to the peripheral carbon causes a
large enhancement of the visible-light harvesting ability of the diazaporphyrin T -system. Second, we
sxnthesized novel dipyrrin-boron and azadiﬁyrrin-boron_complexes bearing 1 -conjugative substituents on
the pyrrole rings. We have revealed that the aza-substitution of 1 -extended dipyrrin-boron complexes is
an efficient method for enhancing the NIR light-harvesting ability.



¥ X CcC—19,. F—19, Zz—19 (@)

1. RSSO R

(1) Aoz ore7duas 7= %, 7
N AEmE L, BR B AR T
DOEBZEH O FEEEAFE L L CHEERVNES
HOTWD, LNLARRL, alf~rfRa
HRAFE 2 FF OB BROBIIR 5N TR Y |
B S EMERE R 7 ¢ U o BEEH DR 03k
BRI & o T B,

(2) AFFEOFEZRERD ST HRLT 1)
NI, RVT 4 U VBRD 2 DD RBNE R
TEEINTACEMORHTHY, L7 4
Vo hITHERLT 4 U FREFNOR
WEIFRNFERA-AEZELWZS, PTERLT
+4 U > OWPEE T ORHEIL, AR - IR
LB AT 5 9 2 TR LD THY
FOALFHEICITEL K OBELRFE LR TY
b, Flz. A7 4V ottEE RELSEZ
AHERELLT, ¥r— L3 MoEEE CEifl
THFELFETHD, LL2nG, Zh
SOERT VR T 4 U AN TIHKR
ELTHEFNRONTEY, OIS
WIXIEE A EFERDT bR TV T,

2. MO HM

(1) AFEOBEIL, 7 BTBIRS -8
BT R LT 0 U ORBIEE L L, £
DAL A SN2 LT BT, AR E

O i DN AT RE AR AT~ T AR R REA & L
THHT270DEREESITHZ ETh D,

(2) BERMIZix, an R RSy 7%
RVT7 4 U UHEBRBIOFOBELEYE
ERMIERtSR LT B, BtEE LTk, WX -
FEICHRFE L IR IR TR ICE B L, BRI
A SN e ROEE U R & SRR LR
INIBINOHLMNCT B, O LT, AR
B OHERA L L CoOFH &2 &BEICE X |

AR~ AR ISk L TR IS E M & R
BEBARNL T 4 ) A A2 BT ST 5,
(3) AFEIZ, B ICHESL L7=ARuL— b
ICEVARLT ) o) v OKERE X
N5 OEREA~DOALE RN 72 B REIL D
AN&EFHH LTS R THANEZA LT D,

3. WFFED ik

(1) W EARIPNIZ LA T O U -2 OFR#E>) ~ (iv)
EHEF L. G0) 2 Al vy 7Y v VRN E
BT AT RN T ¢ U ACTFHERRE DR
St (i) FR A EEYS T YRAL T ) ik
ROMPEDIREIR, (i) FH cJLET P EY
VEEIRD AR L OWIEOfEA, (iv) FA T
T UBBTYHERLT U DA,

(2) £, 515-PTVRNLT 4 U 88k %
FEICRY, e TYRLT ) D0
2 ANy 7Y T RO ERWT BALA~D 1 ik
BEHILOBAZIT-T2, KNT, BoNT-
e OREE, WL - FICRE. BRI FF
P, HEOEFMEE BRI, =T 01
WP A EEREEOBR LB LADED 2
LIZXY, m RICHAAFE N EHOTFEDE
E (& —rEMEB) 2 3Em L7,

4. WFIERCR

(1) BER i LE=RNoTalk L -7 rE
CTHRLT 4V AM) TV — LR TR
% . 2-biphenyldicyclohexylphosphine, [/~
FUU LRI T LFET, VAXT -
KIBEEER CRIGSEDLZ EI2LD . 3k
T2 B-7 U —/LIK 2a-e L O\ 3a-e 2N A7
IR THELNT (Scheme 1) , AL, &
WERBEFF AL R D, 22 ORISR AW
EWVWHFEERALTWD, B ERmiX
BIEANZ FIVZ KD EE L, 2¢ 2OV T
X B A AT (IS BB L7 (Figure 1) o
BALIZEANSNIZT V=V TRV
4 U R e O THAD BRI NS NI L
b, MFDOM TR o N L2 L
DR ST,

ArB(OH), (5 equiv)
Pd(OAc), (20mol%)
CyJohnPhos (40mol%)
K2C03 (3 equiv)

Py

dioxane-water

1Ni (M = Ni)
1Zn (M = Zn)

2a—e (M = Ni)

Mes = 2,4,6-Me;CgH
( oCotto) 3a-e (M =2Zn)

' 2a (Ar = Ph; 70%) 3a (Ar = Ph; 59%) :
' 2b (Ar = 4-MeOCgHy; 81%) 3b (Ar = 4-MeOCgHy; 54%) !
' 2¢ (Ar = 4-EtO,CgHy; 84%)  3c (Ar = 4-EtO,CgHy; 77%) E
: 2d (Ar=4-NCCgH,; 81%)  3d (Ar = 4-(PhyN)CgHy; 58%) E
E 2e (Ar = 2-thienyl; 81%) 3e (Ar = 1-pyrenyl; 42%)
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Scheme 1. Synthesis of 2 and 3.

Figure 1. Crystal structure of 2c¢. Hydrogen
atoms are omitted for clarity.
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Figure 2. UV-vis absorption (solid line) and

emission (dotted line) spectra of 3a (a) and 3d (b)

in toluene (red) and CH,Cl, (black).
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Scheme 2. Synthesis of 4-7.
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Figure 3. UV-vis absorption (solid line) and
emission (dotted line) spectra of 6 (red) and 7
(blue) in CH2C12
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Scheme 3. Synthesis of 8 and 9.
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