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Synthesis of Chlorphyll-a Derivatives Substituted with
B.B-Dicyanomethylene and Their Visible Spectra

Wu, Jin* Yin, Jungang” Liu, Ranran” Yang, Ze” Wang, Zhen* Wang, Jinjun™*”
(“ Colledge of College of Pharmacy, Yantai University, Yantai 264005)

¢ Chemistry and Chemical Engineering, Yantai University, Yantai 264005)

Abstract Using methyl pyropheophorbide-a as starting material, the carbonyl structures were constructed in different posi-
tions of the chlorin periphery by oxidition of the 3-vinyl group, Grignard reaction and air oxidation and rearrangement of
E-ring. Then the synthesis of chlorphyll-a derivatives substituted with f,f-dicyanomethylene having long wavelength absorp-
tion property was accomplished by Knoevenagel reaction of the carbonyl group on the chromophore with malononitrile. The
effect of the peripheral conjugated substitutes oriented in different directions on the visible spectra was also discussed. The

structures of all new chlorine derivatives were characterized by elemtntal analysis, UV, IR and '"H NMR spectra.
Keywords methyl pyropheophorbide-a; chlorophyll-a derivative; synthesis; visible spectra; photodynamic therapy
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PR, AU SRR -a AR =TT 46,
plibeR AR NR C NN S AR S 9P SUE L NZ Vi
FIIHAR, ST — RV 700 nm KB
Mg EE R AN AT AEY).

GRSk 1R -2 HBE(L) MRS an J5URE, 7R
A N 5N 5 R E Knoevenagel 465 NV, LA 41%[7)
PR AR R RO A &y (2). AR JE, HPUA
AER AT E AR A 6 FL R SV S ARk, 03 B 3 1% A1
17% I3 43 5 HY T P S — S oy it (3) A 8 Il %
M2RR-d FlE4a), oA 1E RIREIBRPE S N 58 5
MI4EEr, 4 W mn = 2 A e C-3- 0 F AR o 2
ZAHTAEY)(4b). DL =L SRR AR, 4 X
111 E-IA Bk S it 4 I F DU A A0 SR s R 4 C-3-
LI FHEA M P RS, ARG A ER P, — D5k
AN AR (S) A . L 307 LR S R IR AL
BE1Y Grignard [ N5 H NG EE(6), £ FRIEALITK
RNAFE 3a- BT 28R -a HER(T7), XE—P 5K
TIERAESE RN, AR 3a- k13- R
FEME R 4% R-a FH(8) (Scheme 1).

S PAR TR N I D [ DS N2 N e N
WSEWOBOn] Be = AL AN [\ 2R, B LA, v SR 2R
W BRI B RO s, o, R 767 B A

A B AR B SRR -b HEE(9), AT
SN ZIEAT A A RN, 153 7- 500 AR A
bWy (10). EEEAEREE T, I SR -a F BRI
PAREMNRNAE meso-fr bR T S U 7] 3 125 1
R AT R -5 DY, B EES N T 45
B RN A R AN AT A (12, 56%).

BT AE NN Al ) R AN AR 45 4 TT LA i 3
()85 K] GRS K LAAL, 7E 20-meso-fr b5 |3 Hy
FIREE [FIFE 8 A J AR 1 3Lk R, ik, sExbie
URIERE 1 S meso-fAZ 1, 1ML 5 AR A NBS &2k
(1) 5% WL AR e N 459 21 £ Bt SR IR AT A4 13a I
13650 FE4r 5 A AR A A3 2 meso-BUIR I —
SN 14 (53%)F1 15 48%) (Scheme 2).

1 LIS

JCE M1 Perkin-Elmer 2400 %4562 /0 M3 E;
IR JH Perkin-Elmer 1730 4041435656 BEAGI 5 (KBr &
J); UV-vis il UV-160A 464143 60 B vl 5 ; 'H
NMR H] Beucker ARX-400 BUZHESARACN 2, WFRA
TMS; Jr I3 A o ai fnfb 2z gl FE BT 28 1R -a
PG 1 3 STk 7] 2% AR BET 28R -b FE 9 42 SCHR[8]

2

Reagents and conditions: (a) CH,(CN)o/NEts; (b) OsO,/NalO4/Pyr; (c) TMSCI/(CH,OH),; (d) OsO,4/NalO4/CH,N;

(e) PhMgBH/THF; (f) CgHg/TSOH

Scheme 1
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OCHj
13a R' = Vinyl; R? = NO,
13b R' = CH(OH)CH,Br, R? = Br

Reagents and conditions: (a) CH,(CN),/NEts; (b) LIOH/MeOH/O,; (c) HNO3/CH,Cly; (d) NBS/CH,Cl,

Scheme 2

il
11 13'-BA-=HIRE 13- KGR EMNFE-a B
BE(2)HE X

# 300 mg (0.547 mmol) £ BB 2k -a HER(1)¥%
fit T 50 mL Jo/K LBEH, B 733 mg (11.100 mmol)A
i, BRI 0.5 mL = 40%, B RIEER SO 5 h,
IIAAKFN AR Ge o 2, st A NUZIEKEE, KIZH =
AMEEAE(100 mL X 3), G IFAPUHE P 1%58K
FEFIV K Bedk, AT 5 s w4, mERAE 2T
SYERITH: M LERLHR) - VOECK)=3: 1], 15 134
mg I 20 {4 1[5 44 (0.224 mmol), 7= % 41%. UV-vis
(CHCI3) Amax (relative intensity): 350 (1.36), 384 (1.71),
452 (1.74), 430 (1.69), 535 (0.28), 574 (0.36), 644 (0.55),
704 (1.93) nm; 'H NMR (CDCl3) §: —1.18 (br s, 1H,
NH), 0.01 (br s, 1H, NH), 1.53 (t, J=7.6 Hz, 3H, 8-CH3),
1.70 (d, J=7.2 Hz, 3H, 18-CH;), 2.12~2.32 (m, 2H,
17a+17b-H), 2.35~2.56 (m, 2H, 17a+17b-H), 3.50 (q,
J=17.6 Hz, 2H, 8a-H), 3.06 (s, 3H, OCH;+CHjy), 3.27 (s,
3H, OCH;+CHjy), 3.35 (s, 3H, OCH;+CHs), 3.58 (s, 3H,
OCH;+CHjy), 4.06 (q, J=7.2 Hz, 1H, 18-H), 427 (d, J=
9.0 Hz, 1H, 17-H), 5.26 (d, J=20.0 Hz, 1H, 13%*-H), 5.31
(d, J=20.0 Hz, 1H, 13*H), 6.09 (dd, J=12.3, 1.5 Hz,
3b-H), 6.20 (dd, J=17.8, 1.5 Hz, 3b-H), 7.81 (dd, J=17.8,
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12.3 Hz, 3a-H), 832 (s, 1H, meso-H), 8.97 (s, 1H,
meso-H), 9.09 (s, 1H, meso-H); IR (KBr) v: 3469 (N—H),
2962, 2869 (C—H), 1737 (C=0), 1664 (C=C), 1564
(chlorin skeleton), 1444, 1240, 1172, 1074, 908, 796 cm .
Anal. calcd for C3;;H36NgO,: C 74.47, H 6.08, N 14.08;
found C 74.59, H 5.89, N 14.28.
1.3 13'-BR-“H TR 13%- L FEMEMERE-d F
fi (3)Fn £ it S M 4R ER -d FR R (4a) B9 & X

7 35 mL VUSRI i 169 mg th-&54 2 (0.283
mmol), FFIIA 0.5 mL WEBE; 40K 80 mg DU ALk
(0.031 mmol)#¥fi# 71 2 mL PUSHRAE, 720 CHIEIZIHE
PE NI N, ARG AEIEIR L N HERE 30 min, EE R
FEEREHEE2 h, 0N i (1) NaHS O3 75 50% 1l (1)
PUREOEHERE 20 min, REIERR & =44k I #t
PUUE, PRI 100 mL — & F4EA1 80 mL /K, 43t A MLz
FH IC /KB B Ak T I B e s 7). m 483 [ 4k 3 B s A 1
15 mL HEER IR 1 g fEIR, SRIGHEM T 15 mL K
11400 mg NalO, 5] N s AR R, [ W AR 2 (1) B0 e T
N IRAE D REAT 4y BRI R: SR CER) @ V(IEC
Fi)=1:1], 1453 mg BLEAE K 3 (0.088 mmol, 31%)
H1 26 mg BELL A [E 1A 4a (0.048 mmol, 17%).

3: UV-vis (CHCL) s 393 (1.29), 412 (1.27), 544
(0.19), 583 (0.27), 663 (0.28), 726 (1.11) nm; 'H NMR

http://sioc-journal.cn/ 151
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(CDCly) 8: —0.50 (br's, 1H, NH), —0.01 (br s, 1H, NH),
1.58 (t, J=7.6 Hz, 3H, 8-CH,), 1.74 (d, J=7.4 Hz, 3H,
18-CHj), 2.13~2.36 (m, 2H, 17a+17b-H), 2.40~2.68 (m,
2H, 17a+17b-H), 3.68 (q, J=7.6 Hz, 2H, 8a-H), 3.15 (s,
3H, OCH;+CHjy), 3.57 (s, 3H, OCH;+CHs), 3.63 (s, 3H,
OCH;+CHjy), 3.67 (s, 3H, OCH;+CHs), 4.28 (q, J=7.2
Hz, 1H, 18-H), 4.38 (d, J/=8.8 Hz, 1H, 17-H), 5.55 (d, J=
19.8 Hz, 1H, 13%-H), 5.61 (d, J=19.8 Hz, 1H, 13*-H), 8.62
(s, 1H, meso-H), 9.28 (s, 1H, meso-H), 10.06 (s, 1H,
meso-H), 11.36 (s, 1H, 3-CHO); IR (KBr) v: 3443 (N—H),
2962, 2926 (C—H), 1740, 1735 (C=0), 1654 (C=C),
1564 (chlorin skeleton), 1438, 1400, 1256. 1169, 1083,
940, 722 cm ', Anal. caled for CsH3NeO;: C 72.22, H
5.72, N 14.04; found C 72.40, H 5.56, N 14.19.

AW 4a (1953 B a5 SCBRI9]— 3.
1.3 3-BB-ZBILRE-I-ECHELEREIREE-d B
fig (4b)BIE KL

SR 2 A TT, UGV 4a R4 EH)
1, RO A, % 68%. mp. 203~204 C;
UV-vis (CHCl3) Amax: 380 (1.00), 431 (0.49), 434 (0.54),
522 (0.11), 590 (0.11), 638 (0.08), 706 (0.54) nm; 'H NMR
(CDCl3) & —2.08 (br s 1H, NH), —0.16 (br s 1H, NH),
1.71 (t, J=7.6 Hz, 3H, 8a-CH;), 1.84 (d, J=7.2 Hz, 3H,
18-CH3), 2.52~2.70 (m, 2H, 17a-+17b-H), 2.20~2.43
(m, 2H, 17a+17b-H), 3.70 (q, J=7.6 Hz, 2H, 8b-H), 3.28
(s, 3H, CH;+OCHs3), 3.51 (s, 3H, CH;+OCHs3), 3.62 (s,
3H, CH;+OCHs;), 3.67 (s, 3H, CH;+OCHs;), 4.12 (d, J=
7.2 Hz, 1H, 17-H), 4.34 (q, J=7.3 Hz, 1H, 18-H), 5.19 (d,
J=20.0 Hz, 1H, 13%-H), 5.26 (d, J=20.0 Hz, 1H, 13*-H),
9.23 (s, 1H, 3a-H), 8.79 (s, 1H, meso-H), 9.19 (s, 1H,
meso-H), 9.58 (s, 1H, meso-H); IR (KBr) v: 3449, 3167
(N—H), 2963 (C—H), 1740 (C=0), 1672 (C=C), 1542
(chlorin skeleton), 1510, 1400, 1223, 1075, 1021, 980, 799
cm ! Anal. caled for C3H3NgO;: C 7222, H 5.72, N
14.04; found C 72.06, H 5.60, N 13.91.
14 3-ZEAE-13-(14-ZEIRKE)3- KT HEEER
M 1385-a FE(O)RIA M

71 50 mL ) S e F iR 142 mg (&)1
(0125 mmol), RGN 7 mL 2 —EEF1015 mL = FIHEA
b, WREYIE = FRDCHERE 24 h JF I 5%0K20K
o, g HOKE, JKEE, HITCKBR RN T, Br LwAlE
H T A 4 ) TV Tl oA 2 AT A B TE R VO
fit) : V(GIR CHR)=3 © 1]). BT £3 B 4 ¢ ] k42 R Ak
EW 4 R TTIEAR B AN, AN, Bk
45 i FH ok ) U R B AR B, AEDKAE PR 48 h i A A

152 http://sioc-journal.cn/
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WA ENT 0 B TF ). W(LIR L1R) @ VOGECE) =3 :
1], BELLOEE 122 me, 775 49%. M85 3
BR[10]— %K. ,
16 3-(1-FH-1-BH)ZH-13"-(1 4-ZFIRKE)-3-%
CIHEE R M R ER-a FER(6)HIE X

¥ 260 mg LA 5 (0.427 mmol ) f# T 20 mL T4
(DU EIRIE 1, ERTAR T 0 CHiRE FaRM2 N 1
mL [ 1 mol/L ZKILIALEE LRI, DkEHiHE 10 min,
MR RS, BOERNZ 1 h JFIZRNEE R, [N
RN 25 mL (WS ALER I, BEFE 15 min, 7500
A 20 mL [ &L, A HANUZ, S AUK
H, GIFAPUZIFEREAGE, ¥R R EATL T 7
BURITH: MCRRLER) @ VOECE)=1 : 2]1% 164 mg
R [ 44:(0.239 mmol ), F7EK 56%. m.p. 212~215
‘C; UV-vis (CHCL3) Amac 398 (1.00), 499 (0.11), 539
(0.13), 607 (0.09), 646 (0.43) nm; '"H NMR (CDCly) 5: —
2.92 (br, 1H, NH), 0.96 (br, 1H, NH), 1.71 (t, J=7.5 Hz,
3H, 8b-H), 1.84 (d, J=7.2 Hz, 3H, 18-CH;), 2.11~2.34
(m, 2H, 17a+17b-H), 2.42~2.56 (m, 2H, 17a+17b-H),
2.71 (s, 3H, 3a-CH3), 2.90 (2.86) (s, 3H, CH;+OCH;),
3.09 (3.08) (s, 3H, CH;+OCH3), 3.58 (3.56) (s, 3H,
CH;+OCHs;), 3.63 (3.61) (s, 3H, CH;+OCHs;), 3.78 (q,
J=7.5 Hz, 2H, 8a-H), 4.37 (d, J=8.4 Hz, 1H, 17-H),
4.57~4.69 (m, 4H, 18-H-+OCH,CH,0), 5.08 (d, J=15.9
Hz, 1H, 13*H), 5.17 (d, J=15.9 Hz, 1H, 13%-H), 6.81 (d,
J=8.6 Hz, 1H, Ph-H), 7.21~7.41 (m, 3H, Ph-H), 7.85
(dd, J=38.6, 2.1 Hz, 1H, Ph-H), 8.90 (s, 1H, meso-H), 9.64
(s, 1H, meso-H), 9.67 (9.82) (s, 1H, meso-H); IR (KBr) v:
3393 (N—H), 2920, 2852 (C—H), 1741 (C=0), 1614
(C=C), 1526 (chlorin skeleton), 1459, 1367, 1231, 1037,
907, 758 cm !, Anal. caled for C4HyeN4Os: C 7345, H
6.75, N 8.16; found C 73.29, H 6.59, N 8.22.
1.7 Ba-FEEREMRER-a BE(7)HEK

75 25 mL Z 1 Ef# 178 mg 6 (0.259 mmol)Ji5, 1
A 3 mg X HEREERR, 190 C F@#efiidl )V 1.5 h, &
Jii 1) SONAR Z 1 25 mL KA1 25 mL & F e, 4 AL
2T JC KGR BRAN T4, D80S B 255, Gl A 2 b 4y
BRAWIEITH: (LR LHER) @ VOECE)=1 : 3143
109 mg PELE(G[H 4K 10 (0.174 mmol, 67%). m.p. 189~
192 “C; UV-vis (CHCL3) Anax: 411 (1.00), 507 (0.07), 537
(0.06), 605 (0.22), 663 (0.48) nm; 'H NMR (CDCl;) o:
—1.65 (br s, 1H, NH), 0.44 (br s, 1H, NH), 1.66 (t, J=7.5
Hz, 3H, 8b-H), 1.83 (d, J=7.2 Hz, 3H, 18-CH3), 2.18~
2.40 (m, 2H, 17a+17b-H), 2.45~2.80 (m, 2H, 17a+
17b-H), 3.03 (s, 3H, CH;+OCHs;), 3.19 (s, 3H, CH;+

Chin. J. Org. Chem. 2012, 32, 149~155



Chinese Journal of Organic Chemistry

OCH,), 3.61 (s, 3H, CH;+OCH;), 3.66 (s, 3H, CH;+
OCHs;), 3.64 (q, J=7.5 Hz, 2H, 8a-H), 4.31 (d, J=8.4 Hz,
1H, 17-H), 4.48 (q, J=7.2 Hz, 1H, 18-H), 5.16 (d, J=20.0
Hz, 1H, 13°-H), 5.24 (d, J=20.0 Hz, 1H, 13%-H), 5.90 (d,
J=2.3 Hz, 1H, 3b-H), 6.59 (d, J=2.3 Hz, 1H, 3b-H),
7.10~7.38 (m, 3H, Ph-H), 7.50~7.62 (m, 2H, Ph-H), 8.58
(s, 1H, meso-H), 9.19 (s, 1H, meso-H), 9.49 (s, 1H,
meso-H); IR (KBr) v: 3469, 3350 (N—H), 2963, 2928,
2868 (C—H), 1741, 1699 (C=0) 1606 (C=C), 1533
(chlorin skeleton), 1458, 1400, 1311, 1170, 1137, 1080,
1020 ¢cm ™', Anal. caled for C4H4oN,O5: C 76.90, H 6.45,
N 8.97; found C 76.75, H 6.59, N 8.88.

1.8 3a-%F#-13"-8,0-—HL R E 13- KX FEHEHEF
%-a FAER(8)RIE X

Z G 2 NG BOTE, MLE 7 BRIEY)
1, HEPRAEE L, 7% 56%. mp. 203~204 C;
UV-vis (CHCI3) Apax: 349 (0.78), 383 (0.87), 433 (0.88),
451 (0.93), 532 (0.22), 573 (0.25), 642 (0.34), 700 (1.00)
nm; 'H NMR (CDCl;) 6: —0.83 (brs, 1H, NH), 0.65 (br s,
1H, NH), 1.62 (t, J=7.5 Hz, 3H, 8b-H), 1.79 (d, J=7.2
Hz, 3H, 18-CH;), 2.18 ~2.38 (m, 2H, 17a-+ 17b-H),
2.60~2.70 (m, 2H, 17a+17b-H), 2.96 (s, 3H, CH;+
OCH3;), 3.13 (s, 3H, CH3;+OCH;), 3.61(s, 3H, CH;+
OCH,), 3.66 (s, 3H, CH;+0OCH3), 3.60 (q, J=7.5 Hz, 2H,
8a-H), 4.24 (d, J=8.2 Hz, 1H, 17-H), 4.40 (q, /=7.2 Hz,
1H, 18-H), 5.50 (d, J=20.0 Hz, 1H, 13*-H), 5.65 (d, J=
20.0 Hz, 1H, 13%-H), 5.88 (d, J=1.3 Hz, 1H, 3b-H), 6.58
(d, J=1.3 Hz, 1H, 3b-H), 7.25~7.38 (m, 3H, Ph-H),
7.56~7.62 (m, 2H, Ph-H), 8.43 (s, 1H, meso-H), 9.00 (s,
1H, meso-H), 9.25 (s, 1H, meso-H); IR (KBr) v: 3424,
3133 (N—H), 1694~1735 (C=0), 1664 (C=C), 1522
(chlorin skeleton), 1492, 1400, 1174, 1508, 989 cm .
Anal. calcd for Cy3HyoNgO,: C 76.76, H 5.99, N 12.49;
found C 76.59, H 5.89, N 12.60.
19 7-B-Z LR K- 7-% PR EERHEN GE-b 7
EE(10)B9E L

S G 2 NG BOTE, MLEY 9 BRIEY)
1, R EE A, 77F 45%. mp. 203~204 C;
UV-vis (CHCI3) Angx (relative intensity): 390 (1.00), 420
(0.90), 506 (0.34), 624 (0.09), 678 (0.61) nm; 'H NMR
(CDCl3) 6: 0.09 (br s, 1H, NH), 0.68 (br s, 1H, NH), 1.48
(t, J=17.5 Hz, 3H, 8b-CH;), 1.78 (d, J=7.3 Hz, 3H,
18-CH3), 2.11~2.21 (m, 1H, 17a-H+17b-H), 2.28~2.40
(m, 2H, 17a-H+ 17b-H), 2.51~2.62 (m, 1H, 17a-H+
17b-H), 2.94 (s, 3H, CH;+OCH;), 3.23 (s, 3H, CH3+
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OCH3,), 3.66 (s, 3H, CH;+OCHs;), 4.03 (q, J=7.5 Hz, 2H,
8a-H), 4.05 (d, /=8.4 Hz, 1H, 17-H), 4.23 (q, J=7.5, 1.9
Hz, 1H, 18-H), 4.90 (d, J=19.9 Hz, 1H, 13%-H), 5.05 (d,
J=19.9 Hz, 1H, 13*H), 6.15 (d, J=11.6 Hz, IH,
cis-3b-H), 6.20 (d, J/=17.9 Hz, 1H, trans-3b-H), 7.72 (dd,
J=17.9, 11.6 Hz, 1H, 3a-H), 8.53 (s, 1H, 7a-H), 8.21 (s,
1H, meso-H), 8.64 (s, 1H, meso-H), 8.69 (s, 1H, meso-H);
IR (KBr) v: 3446, 3244 (N—H), 3169 (O—H), 2955, 2830
(C—H), 1680~1727 (C=0), 1654, 1638 (C=C), 1561
(chlorin skeleton), 1541, 1401, 1084 cm™'. Anal. calcd for
C;37H34NgO3: C 72.77, H 5.61, N 13.76; found C 72.90, H
5.76,N 13.87.
1.10 15-B8-—FLFRELIEE-5 —HE(12)BIEHK

ZIREY 2 A BOTE, DG 11 SR EY)
1, fFEIRA G, % 56%. mp. 213~216 C;
UV-vis (CHCl3) Apax: 358 (0.57), 432 (1.00), 502 (0.08),
564 (0.21), 700 (0.29) nm; 'H NMR (CDCl;) §: —0.20 (br
s, 1H, NH), 0.20 (br s, 1H, NH), 1.67 (t, J=7.4 Hz, 3H,
8-CH3), 1.78 (d, J=6.6 Hz, 3H, 18-CHj), 1.95~2.08,
2.38~2.41 (m, 2H, 17a+17b-H), 2.58~2.69 (m, 2H,
17a+17b-H), 3.18 (s, 3H, CH;+OCHj;), 3.32 (s, 3H,
CH;+OCHs3), 3.51 (s, 3H, CH;+OCH;), 3.77 (s, 3H,
CH;+OCH3;), 4.25 (s, 3H, CH3;+OCH3), 3.66 (q, J=7.6
Hz, 2H, 8a-H), 4.36 (q, /=7.3 Hz, 1H, 18-H), 4.50 (d, J=
10.7 Hz, 1H, 17-H), 6.16 (d, J/=11.7 Hz, 1H, 3b-H), 6.28
(d, J=17.7 Hz, 1H, 3b-H), 7.88 (dd, J=17.7, 11.5 Hz, 1H,
3a-H), 8.45 (s, 1H, meso-H), 9.34 (s, 1H, meso-H), 9.62 (s,
1H, meso-H); IR (KBr) v: 3423, 3163 (N—H), 2958 (C—
H), 1740, 1735 (C=0), 1672 (C=C), 1606 (chlorin
skeleton), 1400, 1256, 1084, 924 cm '. Anal. calcd for
C33H3sNgO4: C 71.01, H 5.96, N 13.08; found C 71.24, H
5.79, N 13.20.
1.11 13"-B,8-Z &L A £-20-f 13- FE R EM
R -a AER(14) WS B

ZHNEY) 2 G KT, MEEY) 13a BARWE
Y1, 1FBPRLA AN K, 5% 53%. mp. 204~209 C,;
UV-vis (CH,Cly) Anax: 383 (1.00), 456 (0.04), 542 (0.06),
646 (0.18), 706 (0.34) nm; '"H NMR (CDCl;) 0: —2.14 (br
s, 1H, NH), 0.45 (br s, 1H, NH), 1.67 (t, J=7.6 Hz, 3H,
8-CHs), 1.73 (d, J=7.2 Hz, 3H, 18-CHj;), 2.47~2.65 (m,
2H, 17a+ 17b-H), 2.25~2.34 (m, 1H, 17a+ 17b-H),
2.09~2.17 (m, 1H, 17a+17b-H), 3.47 (d, J=3.7 Hz,
2-CH3), 3.22 (s, 3H, CH;+OCH;), 3.63 (s, 3H, CH;+
OCHa), 3.69 (s, 3H, CH;+OCHs;), 3.66 (q, /J=7.6 Hz, 2H,
8a-H), 4.24 (d, J=9.1 Hz, 1H, 17-H), 4.68 (q, J/=7.1 Hz,
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1H, 18-H), 6.24 (d, J=11.5, 1.0 Hz, 1H, 3b-H), 6.25 (d,
J=17.8 Hz, 1H, 3b-H), 7.92 (dd, J=17.8, 11.5 Hz, 3a-H),
9.31 (s, 1H, meso-H), 9.43 (s, 1H, meso-H); IR (KBr) v:
3444 (N—H), 2958, 2834 (C—H), 1736 (C=0), 1655
(C=C), 1526 (chlorin skeleton), 1401, 1286, 1189, 1093
cm ! Anal. caled for Cs;H;sN,0,: C 69.25, H 5.50, N
15.28; found C 68.98, H 5.73, N 15.52.
112 3-(1-BE-3-187 #)-13"-8,8- & IF B & -20-
B-3-XZHE-13-EEEREM -2 BEE(15)ME
1514

Z G 2 NG BOTE, DMLEY) 13a BAULS
Y1, BERA G, FRE 48%. mp. 278~281 C;
UV-vis (CH,Cly) Amax: 419 (1.00), 482 (0.05), 514 (0.06),
550 (0.06), 655 (0.08), 709 (0.36) nm; '"H NMR (CDCl;) ¢:
—1.90 (1.93) (br s, 1H, NH), 0.88 (br s, 1H, NH), 1.59 (d,
J=7.2 Hz, 3H, 18-CH,), 1.71 (t, J/=7.6 Hz, 3H, 8-CH,),
2.14~2.24 (m, 2H, 17a+17b-H), 2.47~2.65 (m, 2H,
17a+17b-H), 3.47 (d, J=3.7 Hz, 2-CH3), 3.31 (s, 3H,
CH;+OCH3;), 3.59 (s, 3H, CH3;+OCH;), 3.62 (s, 3H,
CH;+OCH,;), 3.66 (s, 3H, CH;+OCH;), 3.71 (q, J=17.6
Hz, 2H, 8a-H), 4.08 (ddd, /=17.2, 8.3, 5.1 Hz, 1H, 3b-H),
4.25 (d, J=8.1 Hz, 1H, 17-H), 4.46 (dt, J/=17.2, 8.3 Hz,
1H, 3b-H), 4.89~4.91 (m, 1H, 18-H), 5.26 (s, 2H, 13%-H),
6.03 (dd, J=28.3, 5.1 Hz, 3a-H), 9.57 (9.52) (s, 1H,
meso-H), 10.05 (10.02) (s, 1H, meso-H); IR (KBr) v: 3434
(N—H), 2925, 2858 (C—H), 1739 (C=0), 1623 (C=C),
1562 (chlorin skeleton), 1463, 1373, 1228, 1168, 1029,
906, 732 cm” ', Anal. caled for C3,HssBrN4O;: C 57.52, H
4.70, N 10.88; found C 57.39, H4.91, N 11.00.

2 GR5HR
21 MEHZEEMNFTEEERRSHEIN-ATRARIK
FEMEENT 2R -a G A R P R RS A DU ILE s (E0 35
— AN JRILE S IR BT 4R ) KR o 7, Lt AP e
BA A AN DU R[S 15e Mt B (1 P A 5 7 Pk i 3k
Z(AFI Ay). BAR 2 A & 07 A git, (A% 1Ao7 AE
B ik LA B R DGR S ()5 e 56 B AN [), - JiT 7
PR EERI (18 J¥/18 W) B KT J5# (16 Ji¥/18
S W U1 1 7 N E Yl 7 1 1 = s e v e
TEMRse t, 75 & M ALHA R 10 2 FH0E PR
T 520 A5 28 A=) WG R, LA, Ay Wizt
SRRRTE P O B R R AL A T 5K
A5 X RIS 1 Ny -Nos BliAb T &0y i K3t
B R (], R, A BRI C IR S M AR R I
O KR G T R AN - WO, S Y A E A
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Noo-No Bl 1] (9 B FAAT D A (R U 1 U3z 2 KA 3L e
PRER, XA B 10 L BRI o 1) 5% i e A0 85
(B 1). DAk, 2k ER-a TR Noy-Nos Bl XXRR A 5K
AL SCAI(O, ). Ag FP R K IRHAR R 10 3 170 55 Xl
ANY SR, (FUZHEME T p-Ar O HARIE BT H
AT MRS . 5 AVHLE, FER AR SR
AR 7 T AR A 2, Ak ER-a TR
(115 AT WL T R T A s = %ok A 105 A PR AR
A Ay [, o757 BRI R A L2 Ay, 3L meso-
RS AE DT B EILIER R Z A, meso-f H HERI 5
BEL AR g L RO B IR, D A
i 51 R BNIE BE R IR E 2 R ERAT T AR AR AL

B o1 AR SRR HE R 3R R B e KT DY
W0yl
Figure 1 The conjugated system of methyl pyropheophorbide-a
and Q, axis

22 B ERBRENE SRR LRI EL

ANy a3t R pa- R LU, BT
W2 25 -a T AR D IR 5 K AT DGR ST (O, fHL) 35077 A A R
JERILR(AQy AN 2~12 nm). —J51fi tH T B,5- 5k
PR R ) e e U B AN Bl R B B S5 B e T RS0 0 1R 3%
PO, PrIERMIN LR o a5 T 52 1R FHuE,
FHN o FAR T 308 2 (R RE R 22, o9 —J7 T, AR 4> T
BT e P T SR - S BT RO E R, IR
L7 I AR A — e R ] DARRAR L B4 & 1 5
R HIELUMO) IR, i/ T ARSI IE DL K i
A HEMHOMO) Y Z I RER %, n-n Fl m-m* 55 HL TR
T (0 R 38 A T,

W pA-—FHN AR I Se b 2% 5 O th e, 3L
FinRAn S n RERA MY, 5 A KA G
TEBCH UM IEHE, P PIAN T T (R A B 2K BRI s R
ARG K. T E-ERRI NI SR [ E T B.8-— 5
WS 23 (A, AR AARAIE L p BI85 KB T
HNEARIC R, B, FEBEEnT 2k -a HG 1 11 B-FA3Kk
TRy B-—F LG, Hom K n] WG RO
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LR T 36 nm, HARFEI RPN E- AL S N 485
LU 1 45 DK R] L D' 1) 3 oy A A e A — S (A0, =
33~37 nm)(& 2). ARG LRIR-d 455 Y0 O,
WA AE 706 nm Ak, 1043 77 1 A% 5)) 12 nm (4a
(11 0, =694 nm)®\. 7¢ 7-47 L5130k B4 W FHIEXF 4 F
(] WGP RE AN, A6E9 10 ¥ O, WUE
ULE 678 nm. BT HUCRERIEFL AT B & 105 7
HRIMIGE I ZINER T ERR A L2 Ay, &
P RS ) FL T A0S AN B A 4y A% 3 B 6 5 KPR |, [
I, EHET O, MR FEET T T A ERT
Na;-Nos Bl ) (1 B HL 38 531

OCHs

R'=HC=CH,, R*=CH, or CHO, R*=CHO, R*+R*=CH,CO

C=C(CN), C-3 C-7 C-15 C-132 20-NO,-C-13?

Qy/nm (Compd.) 712 (2) 676 (10) 700 (12) 712 734
Compd.

A-B 1—2 7—-8 13a—14 13b—15 9—10 4a—4b 1112
Q/nm 36 37 36 33 22 12 16

B2 B R I S 2R AN T B iR K
A LG R AR A

Figure 3 The maximum absorption of f,f-dicyanomethylene-
substituted chlorophyll chlorins and their changes

£E 15-07 _FIEA p.A- SR LR L0458 52-5 12 [
KA WSS A 700 nm &b, B 15-07 TCBUR 2T
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FER-S54AM T 34nm. 5 ARy 11 1) O, ML, C-3-
A7 b O RS NHT S 185 K] WG AR (AQ,)
s 16 nm™. LA C-15-07 BRI AR nT LSS B4l 1
WEEe, (HEET 15-meso-Pi W LT RER R BS A Ay
A Ay I TTERRZ N, KR 2T IR L A4
RIGE S B4, T 4w T IR R G0 3 R
A R FHPIETE NG S 5 T o FHuEm S, i
FRAR T B 25 BB (LUMO) Rl i = v A 3108 (HOMO) .2
[ RER 22, A3 s K] WG K R A 40 8.
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