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Study on the Interaction Between Cgq Bisadducts and Cyclic Porphyrin Dimer

WENG Jun-Ying ZHAO Wei ZHANG Ying-Hui*
(College of Chemistry, Nankai University, Tianjin 300071, China)

Abstract: The interaction between cyclic porphyrin dimmer and four kinds of pyrrolidine di-functionalized Cg
(bis-Cg) isomers, namely trans-2, trans-3, trans-4, and e, has been studied by UV-Visible absorption spectroscopy.
The introduction of pyrrolidine ring weakens the interaction between porphyrin dimer and fullerene in the order
of Cg>mono-functionalized Cg>di-functionalized Cg. Four kinds of bisadduct isomers were compared with each
other in their interaction with porphyrin dimer, with an order of trans-2> trans-3 =irans-4> e isomer, which is
attributed to different steric hindrance caused by different substitution pattern. The density functional theory
calculation on the interaction geometry and absorption spectra were performed for the trans-3 bis-Cefcyclic

porphyrin dimer complex.
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(1) 4-Z g YRR FBE TR (2) i & AL

7E 100 mL =HH A 2 ¢(12.20 mmol) XJ 3R
HIE T 21,1 mL (305.00 mmol) LM% | il (<
1 hJ&,MA 0.05 mL(0.66 mmol) =# LR, H i T
LGS FE 4 b 5, [ ROVAR R TP IA 60 mL — 5 H
Lt , 0.1 mol - L™ & 48 Ak A 7K %5 W BB 45 (3x60 mlL),
A PUARE TCK R RR AN T8, BEZ8 B 25 K i — &P b
Jei , PR 28 L g A5 3 Y T AR A ) 28 bk A 4y
B9 LA e ke ) AR B AR BEZE A E 2.1
g AR %N 62.6%, 'HNMR (300 MHgz,
CDCl;, ppm) : 6=7.99 (s, 2H, -NH), 7.95 (s, 2H, -Ar),
7.27 (s, 2H, -Ar), 6.72 (m, 2H, Pyr.-H), 6.17 (m, 2H,

CH,Cl,/CH;OH
BDMS

Synthesis route of cyclic porphyrin dimer 8
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Pyr.-H), 5.88(s, 2H, Pyr.-H), 5.53(S,1H, -CH), 3.49 (S,
3H, -COOCH,),

(2) 3-CBUT 3k 3y ik A B 2 PR R (3) 11 3 i

£ 250 mL = HUHEH A 1.0 g(8.19 mmol) [H] 2
FEREE 1.7 ¢(24.57 mmol) KM 3.7 ¢(24.57 mmol)
AT R U ER SRR, R AR A SRR T
A 40 mL Jo/K N N-Z WS Bk . B 2 h )&, 1)
R PIMA 50 mL 5 W %E, 1A & 50 mL Z£ 18K
VRV 3 WK, A HUAE R K i R T MR T 7545 B E
TR | Rk A 43 B P 4l SR 5 1 2 2 B ™
Y, BEEEZEKIEABI T AMRER 1.2 g, RN
63.4%. 'H NMR (300 MHz, CDCl;, ppm): §=9.87 (S,
1H, -CHO), 7.29 (m, 2H, -Ar), 6.85 (d, 2H, -Ar), 1.0
(S, 9H,-C(CH,)y), 0.19 (S, 6H, -Si(CHy),).,

(3) 5,15-(3-(BUT 3 — HH L) fif 480 2K J5)-10,20-(4-
2 TP B R bk (4) 5

¥ 200 mL =S H LM A F] 250 mL = Hifi T,
AAGIE 1 h 5, BB T A 685.3 mg (2.90
mmol) L& 3, 4RZHH A S 15 min, A 812.9 mg
(2.90 mmol)fL & ¥ 2, FFE 15 min J5 , #FHIA 506.4
mL(5.80 mmol) = LR B IR AWK R % EHH il
WGP, 20 h 5 SR R HOnA 2 852.2
mg PUSEORMER , 205 TR, 2 h, IR G AR iR
e g 2R v A i i A AL SR AL A B (DL
ot AR VR ) , K A B0 0 g 2 i = ) | i — 20 Gk
MEREAR A B LAV — gtV =510 1% = %)
HWRBER], WO H AR, BEZE1S B 5 A A Y
42.3 mg, 7 %K 2.52%. 'H NMR (300 MHz, CDCI,,
ppm): 6=8.91 (d, 4H, Por.-Hg), 8.81 (d, 4H, Por.-Hp),
8.45 (d, 4H, -ArCOOCHS;), 8.32 (d, 4H, -ArCOOCHS),
7.27~7.82 (m, 8H, -Ar0Si), 4.11 (s, 6H, -COOCH,),
1.05 (s, 18H, -C(CHy)s), 0.33 (s, 12H, -Si(CH,),), -2.82
(s, 2H, -NH). ESI-MS: m/z Caled. 991.42; Exp. 991.60
[M+H]",

(4) 5,15-(3-(BUT 5 = B ) ik 403 2% 55)-10,20-
(4-F2 B LA IE) BB IR (5) 19 B B

5 (15 LG BRAR HE I b 5 Ja A6 T Bk 2k AT, H
NMR (300 MHz, CDCl;, ppm): $=9.00 (d, 4H, Por.-
Hp), 8.90 (d, 4H, Por.-Hp), 8.43 (d, 4H, -ArCOOCHS,),
8.32 (d, 4H, -ArCOOCH,), 7.27~7.82 (m, 8H, -Ar0Si),
4.12(s, 6H, -COOCHS,), 1.06 (s, 18H, -C(CHs)y), 0.34
(s, 12 H, -Si(CHs),).

(5) 5,15-(3-F H K 3E)-10,20-(4- 72 B FL IR I ) ¥

Rk (6) ) A B

£ 250 mL = U A 60 mlL P4 & Wk g |
120.8 mg (0.119 mmol) b & ¥ 5,124.8 mg(0.477
mmol) MU T J8U A B | Ha B0 Bk T 3 Y R N S
JEZE R 25 U A ki, 45 200 B IE A A 100 mL
AW BE 100 mL ZEEOK VR 3 WK, 1R B
A HUAEFH TCK RN T AR R Zr B i Al | LA
VsesV omen=1.51 FWKGER] WS HAR ™9, e 2
1B 2L A E R 80 mg, 77K 84.6% ., 'H NMR
(300 MHz, CDCl;, ppm): 6=8.91(d, 4H, Por.-Hg), 8.81
(d, 4H, Por.-Hg), 8.41 (d, 4H, -ArCOOCHS,), 8.35 (d,
4H, -ArCOOCH;), 7.27~7.68 (m, 8H, -Ar0Si), 4.11(s,
6H, -COOCH;), ESI-MS: m/z Caled. 825.16; Exp. 825.27
[M+H]",

(6) 5,15-(3-(T O He k) 7K HK)-10,20-(4-7& FH 5
ARV EEIN bR (7)Y 5

£ 250 mlL = S0 1 225 48 3 W < 1) = 350
A 400 mg B BR R, 1E I W T 2 oA
46 mg (0.056 mmol)fb &4 6, 7 A AR H ) =i
A 20 mL N N-ZF O EERE 0.6 mL(0.112
mmol)1,6- IR e, 1) E I WO =F oA 10 mL
N, N-ZFF B PP e, o 3R TR < R A 1
min 1 7,86 2 d, TLC A fz 7 i /8 | 52 I 445
HJe 1 R & O A 100 mL 5 %E, H 100
ml, ZE KRV 3 WK, A HLAR FH TSR B R 40 T,
RERCHE 288, LS W bt/ L TR SR TR A 3 R 2E A T b
FEWRDE (B RIAREL L 25:0 2 0E T R 25:1) Yk
B3 A N HAR Y, BEFZERIGE] 18 mg
A, 773K 29.6% ., 'H NMR (400 MHz, CDCI,,
ppm): 6=8.91 (d, 4H, Por.-Hg), 8.79 (d, 4H, Por.-Hy),
8.42 (d, 4H, -ArCOOCH>), 8.31 (d, 4H, -ArCOOCHS,),
7.30~7.84 (m, 8H, -ArOC¢H ,Br), 4.16 (m, 4H, -ArOCH,),
4.11 (s, 6H, -COOCH,), 3.40 (m, 4H, -BrCH,), 1.89 (m,
8H, -OCH,CH,(CH,),CH,CH,Br), 0.85 (m, 8H, -OCH,CH,
(CH,),CH,CH,Br), ESI-MS: m/z Calcd. 1 089.90; Exp.
1 089.33 [M-Zn+H]",

(7) FRAR R0k (8) Y 5 1

18 250 ml, = U b 22 % 5 W 2k, ) =
O I 600 mg B FR | 1] 1 < 3 VU <1 P AR Tk
A 14 mg  (0.036 mmol) &5 6,18 mg (0.036
mmol) L & 7, 1 = IMA 10 mL N, N-—H
B VP g 1o 4R T MR S TR 20 mL N, N-—H
SR, 4 Y S 0 BE R 2 min 1% 22
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100 mL, H 100 mL Z& /K UEH 3 UC, A HLATH JEK
B R BT i ik RO Rl A 2 B9 AR 56 3 faly
ez 2 T3 3 mg FEEAREA, %K 10.5%, 'H
NMR (400 MHz, CDCl;, ppm): 6=8.81 (d, 8H, Por.-
HpB), 8.75 (d, 8H, Por.-Hg), 8.41~7.96 (m, 16H, -
ArCOOCH;),7.76-7.15 (m, 16H, -Ar0),4.13(s, 12H, -
COOCH3), 3.74 (m, 8H, -ArOCH,), 1.90 (m, 8H, -
OCH,CH,(CH,),Br),0.88 (m, 8H, -OCH,CH,(CH,),CH,
CH,Br), MALDI-TOF MS: m/z Caled. 1 816.66; Exp.
1 816.33 [M+H]*,
122 Z(N-H ML E) Cop 1B L

" (IN-F BEREE I 452 ) Coo(bis-Ce) 5 LS 53 85 2 1R
SCHRUSSIFEAT | 2255 BT 3 4 Bl S8 55 5 04 it s Joe
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Fig.1 ~ Structural representation of Cg bisadducts
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(AR Ak 32 A0 8 s AT AR vk B L EIMR R Y
WO BE AR AEAR /N A I
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Fig.2 UV-Visible absorption titration of cyclic porphyrin dimmer with series of Cq derivatives
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Fig.3 Simulated profile for the binding constant of inclusion complexes formed between cyclic porphyrin dimmer and series of

Cg derivatives determined by UV-Vis spectral titration

x1 BERHETEDSTERIIMME S EH Koo

Table 1 Binding constants K., for the inclusion complexes formed between Cy derivatives and cyclic porphyrin dimmer

bis-Cey
Guest Ceo mono-Cg
trans-2 trans-3 trans-4 e
Koo ! (L-mol™) (2.33£0.23)x10° (1.30+£0.035)x10° (1.12+0.02)x10° (0.86+0.027)x10° (0.82+0.045)x10° (0.66+0.064)x10°
R? 0.997 5 0.999 1 0.999 7 0.998 9 0.997 2 0.992 4

2.2 HWEEWHEEEI0E TR LR IR i
LA trans-3 bis-Cef/ —-PNRIN AL 59 AL TR AT
1 Gaussian 09 #4112 fif | wB97XD™2iZ bk Fl

3-21G* A (W TA ) BT 0 o 1 iy LA
ik, CATREY, ZIETRKEBEABEND
wBO7XD 7Z pFi T LAAR G- b 1 FH T 8K 5 /& 5 Js A e
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YR FHWIR AR 45 G Jr 2, 04 b 18 bk g g BB A R R 11
23 GRS A — i 1Y &S T AL BRSO, T
H,FT LA LB A 2 A bt 1 dog A 3 A1 A B 5 4l (e
trans-2 “EALE] e BY), 12055 (A1 BH 23 B W 1 R, 5 B 4
GREPERRAT, 3 55 5250 LI 2] fr Rtk g e 5 P N B
A0y 05 — WIS ) AR A FH iR 2 014 52 0 78 A A —
H, HEWEHIE, AR S ST P
A MRS PR IE ARSI, AN trans-3 B B
R C, X RRE, RIS ESE R AR EER
AR Z b b 7 — Bl 2P P i AAS E X 23 TR
RS ERE S d (N s e L S 7N

i

aQ!'“‘ ‘P: 99
3 -5 >
29 e c ey 9,

®
@

B (E=9 730317 3)

Bl 4 trans-3 bis-Cey/ — PN A A 55 990 09 PR RS SUL 45 44 FITER U BB T 58 (i hartree)

Fig.4 Two typical simulated structure of trans-3 bis-Cq/cyclic porphyrin dimer inclusion complexes and corresponding

single point energy (in hartree)

222 B THUAREHALHY

Ry e R 3 A EL AR FH 5 B PSRRI IS S AR 41
%, TATXS trans-3 bis-Co/ MWK PN A0 55 W A B T 25
WA TS ST 15 trans-3 bis-Cg, 1 INIRE
HL AR AT T LR TR A AR TE R 2 P HTUY
BUBRER A IR TER] ST, L ST AT Rl
B, NAEEYR LUMO .LUMO+1 $Uil 227 73 A 1E
trans-3 Cg b, 1M HOMO ,HOMO-1,HOMO-2,HOMO-
3 4 4 AL O BE AR S A RN AR - ik

Wk 19 Gouterman ! [ A5 #U3H  1f7 AH W Ah ok
Gouterman T 25 L i 43 51 4 LUMO +3,LUMO +4,
LUMO+5,LUMO+6 %L1l | 33X 5 SCHR 9 4 18 AH —
oo [R] ) PN B IR B R ER Y i T A
BUIAF HOMO HOMO-1 #Uif 17 = Be g 7 m #5043
Hrid 2 M trans-3 bis-Co/ —- MY AL S5 90 19 5 A B
T8RN 23 L (R B E AN I8 2 THOMO-LUMOIfig 2 7] B
(0.184 68 hartree) , it J& /NI Gouterman %! HE £ [H]
BRI(HOMO)-(LUMO+3)1(0.208 24 hartree), #B/NT =
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R 2 trans-3 bis-Ce IR Z AN LUK trans-3 bis-Cq/ — AN N € & H) B B8 F 118 88 % (in hartree)
Table 2 Orbital level of trans-3 bis-Cg, cyclic porphyrin dimer and frans-3 bis-Cq/ cyclic porphyrin
dimer inclusion complex (in hartreee)
Orbit Cychlic porphyrin dimer trans-3 bis-Cg / cyclic porphyrin dimer trans-3 bis-C
-0.032 00°
LUMO+5 -0.033 33¢
LUMO+4 -0.036 93¢
LUMO+3 -0.030 69 -0.038 60° -0.017 30
LUMO+2 -0.030 76 -0.041 02" -0.041 04
LUMO+1 -0.036 48 -0.054 09" -0.055 40
LUMO -0.035 65 -0.062 16" -0.065 81
HOMO -0.248 79 —0.246 843" -0.282 40
HOMO-1 -0.248 80 —0.248 483* -0.291 59
HOMO-2 -0.254 41 —0.254 433* -0.294 66
HOMO-3 -0.254 42 —0.255 773" -0.301 46
IHOMO-LUMOI 0.213 14 0.184 68 0.216 59
(0.208 24

a: The MOs locating mainly on porphyrin moiety; b: The MOs locating mainly on fullerene moiety; c: the smallest level gap of Gouterman

frontier orbits ((HOMO)-(LUMO+3)!

B THOMO-LUMOIREZ [ BR(0.213 14 hartree),, X
% SR T BRI OGS LA Y A
2.2.3  trans-3 bis-Ce/ —-MNBKIN A0 5 4 B F- W O 1%
E)

AL i TDDFT J7 3% FRAR IR0 A grans-
3 bis-Ceo/ — MNP AL W0 1 WSO 1S HE AT 1 8401 (45
PU S WL 5 H - BT 45 A8 T F 53 45 1 43 301 D
Table S1.S2), Xt T trans-3 bis-Ce/ — MWK AL 5 9
T 36 Mk A, XFHR bR T 25
AP WSO Y B E T IR IT Y B A
Q WLMCHT | e ZE U Y 2 | 24Kz oA T TR 6 FL R AT
il 2t 1 U A AR R T S 00 D (8, R B0 0 1y

Gpuie2m AT ERLR I R A IO B S AU KA

P FIUL (348.2 F1 347.2 nm) XFIRBOLIER B
WA A SE B DTER S IOk B Gouterman
Y5 Y5 UIE 7] Gouterman #9251 IE 1Y HiL - BRAT | &
W ER AR R bk 1 L W O 35475 T LA Gouterman

VU TR A A ik
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