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Synthesis, Characterization and CD Spectrum of Porphyrin
Derivatives with Circularly Polarized Property
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Abstract A series of porphyrin compounds and Zn complexes with cholesterol ester side chains were syn-
thesized and their UV-Vis and fluorescence spectrum were tested. CD spectrum showed that these com-
pounds in polymethyl methacrylate (PMMA) solid film had circular dichroism property in soret and Q bands
because of mutual coupling between chiral cholesterol ester moieties and tetraphenylporphyrin ring, fur-
thermore, it was found that the CD spectrum of cholesterol ester porphyrin compounds was changed along
with concentration of these compoundsin PMMA solid film.

Keywords cholesterol ester side chain; porphyrin compound; circular dichroism; circularly polarized lu-
minescence
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J500 [ A, By A ot el & s 4k W
Scheme 1.
1.2 ER5RE
121 fE§BF-4-38 - F T BRAS (1a) 496 A%
¥ 4-IR1F T 3.0 g (0.018 mol), fH {1 6.9 g (0.018
mol) 0.2 g fifi3/K#1 0.2 g F1 100 mL 24 )11 %] 500 mL
A 3 KA IRV 1 =S50/, PR SOY 10 he OV
28R JE N S N K PE 3 IR, NN T /KBRS EE T e
B 3 B TR S 28 BRI, A H Ol - T RTR S
WAIV(ZET) - V(R ZE)=4: 1] E45 5, 14569 g At
44, %% 69%, m.p. 57 ‘C; 'H NMR (CDCls, 400 MHz)
0. 5.33 (t, J=4 Hz, 1H, C=CH in cholesteral), 3.21~3.31

(m, 1H, COOCH in cholesteral), 2.21~2.32 (m, 2H,
CBrHy), 1.99~2.03 (m, 2H, OOCCH,), 1.94~1.98 (m, 2H,
CBrCH,CH,CH,), 0.67~2.15 (m, 43H, cholesterol); MS
(ESI) mVz (%): 557.3 (M " +23, 100).

122 e BE-5- - F KB BS (1b) 896 A%,

[l BF 7 045 1) 8§55 i -5- R - 1E R R B (1b). 7= %
55%, m.p. 93 °C; *H NMR (CDCls, 400 MHzZ) &: 5.33 (t,
J=3.9 Hz, 1H, C=CH in cholesterol), 3.23~3.30 (m, 1H,
COOCH in cholesteral), 2.24~2.31 (m, 2H, CBrH,),
2.12~215 (m, 2H, OOCCH,), 1.68~2.01 [m, 4H,
CBrCH,(CH,),CH,], 0.67~2.19 (m, 43H, cholesterol);
MS (ESI) m/z (%): 571.3 (M " 423, 100).

1.2.3 e B2-6-12 - iE TERES (10) 49 A A%,

[F) B T V575 S IR 65 B -6- - IE LR IR (10). 7= %
55%, m.p. 114 ‘C; *H NMR (CDCl3, 400 MHz) §: 5.32 (t,
J=4.0 Hz, 1H, C=CH in cholesterol), 3.25~3.29 (m, 1H,
COOCH in cholesteral), 2.28~2.33 (m, 2H, CBrH,),
2.01~205 (m, 2H, OOCCH,), 1.68~1.97 [m, 6H,
CBrCH,(CH,)sCH,], 0.67~2.12 (m, 43H, cholesterol);
MS (ESI) m/z (%): 585.3 (M +23, 100).
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1.24 vI-[38-5-(A= & B AR BA T AIL K IL] #hoik (2a)
EDEESOY

FHH S B -4- 91— 1F T R IR (la) 3.0 g (5.6 mmol)Fil
PU—(HF 2 3E) R FEN MR T (4-HP)P] 0.4 g (0.58 mmol) fiii 2]
345 50 mL JE/K DMF (1) =80, FRIA 2.0 g T
KoCOs TE M fiEALH, 60 “CF W 3d. RNSEMSE, 78X
I IHN 100 mL /K AT 100 mL =&, 2Bk 2
KGRI =k, A BT oK m IR Bk T Jo 28 B
TG B O [ AR, AR LURE R R [ e A, =5
iR PR LRIV & E) © V(IR ZBR)=10 : 2[4
VSR R E R EAT B R R AT, WS — 0 2, Z8BR
WG, 80 C NELA T 24 h, f3R4 (i {k 0.18 g,
PP # 45%, mp. 269~272 ‘C; *H NMR (CDCls;, 400
MH2z) ¢: 8.86 (s, 8H, pyrrole H), 7.5~8.12 (m, 16H, ArH),
5.40 (t, J=4.0 Hz, 4H, C=CH in cholesterol), 4.10~4.12
(m, 8H, ArOCHy), 3.22~3.26 (m, 4H, COOCH in choles-
terol), 2.09~2.12 (m, 8H, OOCCH,), 1.68~2.01 (m, 8H,
CBrCH,CH,CH,), 0.67 ~2.19 (m, 172H, cholesteral),
—2.76 (s, 2H, NH); MS (ESl) m/z: 2496.8 (M +1). Anal.
calcd for CiegHo30N4O12: C 80.78, H 9.29, N 2.24; found C
80.23,H9.31, N 2.18.
125 vI-[38-5-(F2 & Bf AIR) A R ALK AR Ptk (2b)

FFIBE 7245 8 2b. 725 47%, m.p. 233~236 C;
'H NMR (CDCl;, 400 MHz) o: 8.86 (s, 8H, pyrrole H),
7.4~8.15 (m, 16H, ArH), 5.40 (t, J=4.1 Hz, 4H, C=CH in
cholesteral), 4.09~4.11 (m, 8H, ArOCH,), 3.24~3.26 (m,
4H, COOCH in cholesteral), 2.10~2.12 (m, 8H, OOCCH,),
1.68~2.01 [m, 16H, CBrCHy(CH,),CH,], 0.67~2.19 (m,
172H, cholesterol), —2.76 (s, 2H, NH); MS (ESI) m/z
2552.8 (M*+1). Anal. calcd for Ci7pH23sN4Ox2: C 80.88, H
9.40, N 2.19; found C 80.46, H 9.33, N 2.21.
1.2.6 wW-[38-5-(f2 & B AL ) # A ORI R 7ok (20)

FIRIRE T 433 2¢. 77 % 56%, m.p. 215~218 C; 'H
NMR (CDCl;, 400 MHZz) ¢: 8.86 (s, 8H, pyrrole H), 7.5~
8.16 (m, 16H, ArH), 5.40 (t, J=4.1 Hz, 4H, C=CH in cho-
lesteral), 4.11~4.14 (m, 8H, ArOCHy), 3.23~3.24 (m, 4H,
COOCH in cholesterol), 2.12~2.13 (m, 8H, OOCCH,),
1.68~2.01 [m, 24H, CBrCH,(CH,)sCH,], 0.67~2.19 (m,
172H, cholesterol), —2.76 (s, 2H, NH); MS (ESl) m/z
2608.8 (M+1). Anal. calcd for CizgH24N4O10: C 80.99, H
9.51, N 2.15; found C 81.33, H 9.28, N 2.18.
1.27 w-[3p-5-(f2 t B EIR)HIK T B K IK] ook 47 B
oW 3a b9 R

££ 250 mL = S0 I SR DMF i &7
[V(CH.Cl,) : V(DMF)=2:1] 50 mL, ff/iIA\ 2a 02 g
(0.08 mmol), AR 15 min &, IIAFEEFEK ZnCl,

0.15g (L1 mmol), &y Tl 2.5 h. Z&FBR¥E A5 H
ol RS A 7 IR R AT 2 v, S5 R TR 5 v 7 [V
17) * VOR)=6 @ AEMRBER, WCHss — (2. k78
BRi7, 80 C FEATHE 24 h, fHRL AR A 012 g,
FEH 80%, m.p. 265~268 C; 'H NMR (CDCl;, 400
MH2z) ¢: 8.91 (s, 8H, pyrrole H), 7.5~8.12 (m, 16H, ArH),
5.41 (t, J=3.7 Hz, 4H, C=CH in cholesteral), 4.12~4015
(m, 8H, ArOCH,), 3.26~3.29 (m, 4H, COOCH in choles-
terol), 2.10~2.12 (m, 8H, OOCCHy,), 1.68~2.01 (m, 8H,
CBrCH,CH,CH,), 0.67~2.20 (m, 172H, cholesteral); MS
(ESI) miz 2560.2 (M"+1). Ana. calcd for CiggHzs-
N4O2Zn: C 78.77, H 8.98, N 2.19; found C 78.92, H 8.92,
N 2.21.
128 vI-[34-5-(Ae ) By AR) B A R A F L] o oA AL
&4 3b 6946,

HFEFE A8 3b. P2 75%, mp. 227~229 C;
'H NMR (CDCl;, 400 MHz) ¢: 8.96 (s, 8H, pyrrole H),
7.26~8.15 (m, 16H, ArH), 5.40 (t, J=3.6 Hz, 4H, C=CH
in cholesterol) 4.09~4.12 (m, 8H, ArOCH,), 3.29~3.31
(m, 4H, COOCH in cholesterol), 223~226 (m, 8H,
OOCCH,), 168 ~ 215 [m, 16H, CBrCH,(CH,),CH,],
0.69~-2.21 (m, 172H, cholesteral); MS (ESI) m/z. 2616.2
(M"+1). Anal. calcd for Cy7H3sN401Z0: C 78.93, H 9.10,
N 2.14; found C 79.34, H 9.21, N 2.18.
129 w-[38-5-(f2 {§ B FIL) B TR KK ook AL
A4 3c 898K,

HRBE 775498 3¢ 77% 82%, m.p. 201~203 C;
'H NMR (CDCl3, 400 MHz) ¢: 8.92 (s, 8H, pyrrole H),
7.25~8.16 (m, 16H, ArH), 5.41 (t, J=3.9 Hz, 4H, C=CH
in cholesteral) 4.11~4.14 (m, 8H, ArOCH,), 3.24~3.28
(m, 4H, COOCH in cholesterol), 2.14~2.16 (m, 8H,
OOCCH,), 1.68 ~ 212 [m, 24H, CBrCHy(CH,)sCH,],
0.67~2.19 (m, 172H, cholesterol), MS (ESI) m/z 2672.2
(M*+1). Andl. calcd for CizH..N40,Zn: C 79.07, H
9.21,N 2.1; found C 79.61, H 9.28, N 2.16.
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FRE T 23, 20 FT 20 VAR £ 5 1T A A R T
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O, IEBEATE T@A-HP)P [KIWISCRT & 56 i 7 % 1R,
SER AR L. R LT, JH S BEFR O BE (1) 5 N MR
RIS VE A — g 52, 7R 4584017 WOk, soret 7y
OYEL T NS, — N ISR, 5 T(4-HP)P HEA
M), HSEEIRTS, Y9 soret #H40F2 T4 35 nm, H
WSO B g K. I 2 B AE NN IRRER b5 ] N H 5§ R )
IR 45 T 5 00 7 LA R K 149 22 D) A7 BEL AR SR 17~ T R Wk B
ML, AETF AR K AR AR T, AT B A T M BREA 1)
- BRI AR R A S DRt A5 7 5 B Ak
WIS G R A 6IE 5 AR T(4-HP)P AL T 4
10 nm. M5 &8 Zn il 5, o TR R R, R
Q I 4 AN T P A, IX R 2 B IR
PIRSEIRIEE. S5 46, R 1 v mT L AE 55 B 0 e B K
FERIARANIEAR EAS S M RSORUR S G i AR AL

121k E W 2a, 2b F1 2 £ PMMA [ 44 8 fi5 1 1)
PEIEIEIE, ML E YISO OEIERAELL, 2 HI7E 660
H 723 nm AbHELAR S, SRR TR UK RS
S B SoMIFI AU, 43 Sl 5 T bRy 7E Q Ay
. MFE LRI 1. [ 2 /LU LAY 2a, 2b FlI
2¢ {£ PMMA [f PRI b (1) 2500015 55 7 CHCL i
(79 6 RS e B AR — L

7, EA VLR (OLED)ME5iih, Kk
6 T R AR DA ] A S 45 2 A 2 A TP Rk
WG, RJGAr TR EE B AR, a0 S5 1 (R B B
a5 W) (excimer), RIGIEE R Ko7 s, HIL—
AN B8 X TC 45 F R G b, R) NI 25 B AR RO 2 (R G
BOR, RIAE 7y 1 Vv op N R 38 A L 4 A
WSS TGS R I6o T IR EAR %, 18 AW —
AN A W 2 5 T BB G 6 W 2 A8 B D e TR e
R GuE, WEIE AT 9 Gk bk B R AR AR, FRAT
PL 2a A, MsE TAEAFREE FR76 R GG % 2),
MBI AT LIE Y 2a [(BE M 102 mol/L A&k 10°°

mol/L I, AU FEA B A A4 (660 nm), X 5 BHIX K
JUEL 56 5 ) e 1 SRR AR 5 D AS 23 T BB 4 540
2.2 LEMHERIRI Y (CD) %R

BTATRI, R RS RTINS 2a,
2b i1 2¢ 7 CHCl, %A Wt CD R, A
R EIL—RE RN PMMA  H il i i, 8
AR 2521 D D el ARl W e, e R A S e
soret 7 Al Q Ay R I H ARBLR A — 1k, LA 2b Ky i) (]
3), H: CD JuiliA LU R JLANMFFAE: (1)7E soret X HIE =A™
CD i, 7£ 420 F1 448 nm 4k Hi 3L IE Cotton, 7E 436 nm
H L4 Cotton; (2)7F Q [X 434l 7E 510, 560 F1 620 nm Ff}
3T B — %} I Cotton #1147 Cotton W . (3) CD Wit i
HIRAMRIOG A, #AE Q XA soret X /£ AL
e, I H. soret X W58 B2t KT Q DX PR i B . J ik
FENMIBRER b5 ] N3 24 0 T P 3 [ ] LUASE nh bk AL & 4 1)
WA soret DXIFHL BB — @RS, — B & T
PEONGE b1 A= 3 (] 5 nh o R L ek = AR A, (T
3 1 (R R S AR e s 223 B 145 21 n kAL A 1
[l (A B 1) CD MRS T e AR 55 B RIS ER PR R 5
K AENAEWURCHRE, AATTTE SG ORI ] 433 5 (2
14 T 42 2% TR ) AR 285 4D 63 4 2 )

FH T PUZRSEN BRI XS BRI, SRAB I BRER A soret il
Q X H I IR IO 1, A2 tHI CD ik, ififiH 55
BR{E soret Fl Q XBEEA L F IO %A CD Y6,
TRIEAR, MHESEERENMRAL AP0 CD G 55 n kR Fl T~
PEROAR S RERRAS A OC R, IS BEREN ML S 07E PMMA
T EAT CD RIS S DR AT R DR kg AL P i v 1 2 g 0
PR MR ER A EL AR, TR ISOIT I e T R AR AR 1)) 2
“TFPEIR AR AL S ) R TEHE S, 25 bk ik S
WIAE AT IOGYE Rl 7= 25 CD Wi, 33 330 W AH 45 1
P % S5 SRR ER R AH ELRRAVE D, AN BRAE soret 7,

R 1S ERNNIBRALAIR 2R ST WSR2 ' 1% Kl #
Tablel UV-visabsorption and fluorescence data of tetra-(4-hydroxyphenyl) porphyrins with cholesterol ester side chain

Amax/NM (CHCl) Emission peak
Sample
Soret band (ABS) Q band (ABS) Alnm

T(4-HP)P 416 (1.70) 518 (0.16) 552 (0.12) 600 (0.058) 651 (0.026) 650 721
2a 420 (0.30) 455 (1.7) 519 (0.21) 557 (0.16) 594 (0.007) 651 (0.040) 659 723

2b 422 (0.20) 456 (1.4) 518 (0.18) 557 (0.13) 596 (0.040) 651 (0.020) 660 723

2c 420 (0.15) 455 (1.6) 518 (0.10) 557 (0.12) 598 (0.030) 652 (0.025) 660 723

3a 424 (0.06) 457 (1.2) 557 (0.45) 596 (0.026) 660 723

3b 424 (0.07) 457 (1.1) 556 (0.30) 596 (0.040) 660 723

3c 423 (0.12) 459 (1.4) 557 (0.50) 597 (0.018) 660 723

3 Concentration of the samplesis 10~° mol/L in CHCls; the excitation wavelength is 480 nm.
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Intensity/a.u.

T T 1
600 650 700 750
A/nm

B 1 k&Y 2a~2c 4 PMMA b 196566 3 (BE 78
PMMA ) 5 53 #5008 0 5%)

Figure1l Fluorescence spectra of compounds 2a~2cin PMMA
film (w=5%)

Intensity/a.u.

T T 1
600 650 700 750
A/nm

B2 &Y 2aEA IR CHC % 1 586G i
Figure2 Fluorescence spectraof compound 2a in chloroform
(a) 10 2 mol/L, (b) 10 mol/L, (c) 10" * mol/L, (d)10~° mol/L, () 10~° mol/L

CD intensity/a.u
< —
1
>
>
>

400 450 500 550 600 650 700
A/nm
3 A& 2b 1 PMMA S ¥ CD MR 1
Figure3 CD spectrum of compound 2b in PMMA film

I HAEm 3] Q Ay (e, Bk, 7ENR I Ban bkt &4
oAb TR, e T IS P 0 B 4 A DU R bk 2530
(Xt Az, PUAST- VRO EE#S 2 S5 nhmkaR & A A, BT BOW
LRI CD WA 122 JIE 55 P P 00 5 g SRR 51 PO 6 5
PERII SR SR — A TR BE K T PR b A e

ANTRI PR 23K G S e R 00 5 ™ 2 5 (R R B 8
JE MRS LIRSS T Nk S MR TEHE S S5 K, TR0
Z RS AN g e A HE R AR F 4 Il RUE A A gt — AR5

SIS e ILUIH S B R SR A5 0 1Y) CD RO i
EAE PMMA TP HREA R, B 4 24659 2b fEA R
WEE R CD Jeith, MBI 4 rhaf WL, 4 {5 g n b bk e
PMMA RS ECh 1%, FA EWEEAF] CD
W, A JIF S R P bR AR RE 38 T, CD RT3 FE R .
HH LI A7 0 1 Ji R T R A AL K5 T bk A 75 40 A [
WA RIZ eSS R 32 2] PMMA RS0, BEZEIH HS e
NRBRAE PMMA HHR B2 IR RS, PMMA (1) “3 507 AR <3
Bee AR JIEL 55 P 5 S MNORR B (R0 5, DT A B e &5 HE A1 A 52
FIWR. XABMRE T N AEY) 2a~2c £ A F
(1072 ~10"* mol/L), EiIAE soret A EE Q Hi 4L
WA CD WO ) Js A

4 _-a
Z —P
g 27
= |
8 c

0_

-1 4

400 450 500 550 600 650 700
A/nm
B4 i 2o AR PMMA AT CD il
Figure4 CD spectra of compound 2b in PMMA film
(a) 10% PMMA, (b) 5% PMMA, (c) 1% PMMA

3 #r

BT 2 AN R A B A LSS I S 00 kA A0
SR Zn WA, SRR IRX LU IREC A L5
B2 PMMA [ A, g4 14E Soret 47 AT Q 417 AT
CD Wi, SEHE R IX LA AR CD Wiz 5tk
GYE PMMA KRR S BT EAIE Q Wil
(7 CD WM, HRHE TR 5 A S 6 1 PR 0] WA,
A DLHERT I e kAL £ 4RI e 2 B el i i A S A A
KA AW bel g S SEVE BEAEARRE— 25 BT
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