% *ﬂ; {& % DOI: 10.6023/cjoc201209009 ARIEX

Chinese Journal of Organic Chemistry

ARTICLE

BE KRR ()R RERTTEI S R B FE1E

wmoEC E &R x| O#C REARC AMES  EHE
(MG R T2 B S 264005)

C IR 4 TRBAPIT R OCTEN) MG 264005)

WE DUBBEH SR R-a T EAN B B S 1R-b TR AR 5Ok}, Ml 3-7 L3k L SM% B-3R A1 20-meso- A7 AL 1B, 1
e 2R R - IR R PR ST T AN R RE S 4. R P B 2 TR-a P IS ) T S R R B B 2R TR-b R R ) S AT 7-46%
DL 73 01 15 N I EAT Knoevenagel 46 75 SN, £ NN AN AL B S T B,6-— U FHIREGH, SEpe— R I EAT
KU 2 22 28 A AT AR 1, THE T B, F L K5 | N6 KFR 431 A 235 P R 1Ol B F 5 i,
RPN R 25 S N4 HY P RE AR S SALEE. A ILARIE ) 10 A4 3E-a T4 UV, IR, 'H NMR St 253 HiE L
gitl.

KRB HaRE (BB AR, by R L
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Abstract Methyl pheophorbide-a and b were used as starting material. The different carbonyl groups were built along the
periphery of methyl pheophorbide-a by modifing for C(3)-vinyl group, exocyclic E-ring and 20-meso-position. Making use of
these carbonyl groups or original C(7)-formyl group of pheophorbide-b introduced f,5-dicyanomethylene moiety at different
positions by Knoevenagel condensation with malononitrile to synthesize a series of chlorophyllous chlorin derivatives with
long wavelength absorption. The effect on the electronic spectra and chemical activities of macrocycle molecule due to intro-
duction of f,f-dicyanomethylene moiety were discussed, and the possible mechanisms about corresponding reactions were
tentatively proposed. The structures of all new chlorin derivatives were characterized by 'H NMR, UV, IR spectra and

elemental analysis.
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AP C RO AR BAR R e sh et oy T S
R BA KBRS g i AR e sl i T i), dE—0
RN e SR R A S NV T, AR 4% R -a
s (La) R BEM 2812 -b I EE(1b) T 4R, 7ol —Znhm &
St A B A- N H BRI A AN RN 45 R Ry R ER
SIS R, WS T R R 5 N DY e
KIRMIA 2230 P R S e B = A s, 3k it 52 1
TR A ER A WK T 700 nm 4RI A
NN T AT B A

56K 1a 76 SR I AL A BRI 2R 1R -a
Ba(le), D&, BHHEACWME &M T E- RIS
W B KA Knoevenagel 464 WV, LA 41%0007 42 1%
13" A 55 AR IR AR &by (2). I DY S AL R A
RN R AT, X 2 1R 347 LRSS AL, 2 )
Sy 130 U 3 Ay (3, 31%) A AR BT
ZXIR-d FlEG4, 17%). SRS PERIAE IR EE T4
TN, &5 RATE] 71%00 C3)- LM FEAEAL =4 5, 1M
FLOI3PAER RUEE MR ARAR . Ay 3 5 R AL
BE ) Gerignad J IV DA H AR P2 238 28 fl — NP FE(6, 56%),
T IE T N- B 0 bk 20 ARk ) R0 v T R DU OE TR R

1b R" = CHO,
R? = CO,CHg;
1cR'=CHy; R?=H

(TPAPYXILHHTAAL, LL 43%[7= %135 3a- L BEHEIN
AR B 2x 1R -a FIE(T). 25 &R ARIALE 5K
HA, -~ B TR K FR 431 1R 6 4 B 5 v e ™ A AN [
ey, A28 1R-b R 1b 1) 7-A7 b s A
FE5 N ZIEATAR G RN, EAHTA Y] Knoevenagel % W
AT, AU 9% BARE 7= -7~ — S5 6 It e
ZxlR-a HER(8), 2 NIEIE 7 3 K= IR 4G Rk
1a (62%) (Scheme 1).

N THE NPLNZ Al By Ay i A R,
Tk Ay 3 5 S ORERE T Wittig [ NV 1S 2 i
I S 9a K1 9b A SR G, WA E— 1
Iy, R = CHEAEAE N 5N I BT Knoevenagel
GG RN, MRNTR S 43 i 1% G C(3b)-4
FEIAR ) &MYy 10a F11 34%11) [ 3\ C(3b)- R IR
&by 10b.

Mg 2L B = 20-07 HORCE [ mT DA K 73
TR TGRS, Sy, et ok 02 E- Rk
10b 5 SRRl 3 b R & (11, 61%),
RIGERRIEAM TS N,N-Z F 5 It e 2k AT
Vilsmeier M, 7& 20-meso-f_E5|#HE FEE KR, U

Reagents and conditions: (a) AcOH/CH,(CN),/NEts; (b) OsO,4/NalO4/Pyr; (c) CH3MgBr/THF; (d) PryNRuO4/NMe morpholine N-oxide;

(€) CHo(CN)o/NEts; (f) TI(NO3)3/NaySO5

Scheme 1
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24% 1= F 4y B HH AN BRI A I(12). 1EFE 13-
SEACHERL B 44R-a FRE3) SN R HHTH G, 45
13" A7 BRSO 3. B B Ay I 14
5 N-GAR T R R (NCS)HEAT 25 B S B, LA 41%
(7= 43 B3 20-07 5048 =20 15 (Scheme 2).

1 ZR5WE

1.1 134 BB-ZHILFEMSIAK KRN FILETE
Ed:EA

R 28R -2 F iR (1) R L[ 18148 M (0 3k 2
FHEHIAR, 5HLAEY -k RAHRL, AR
NG F 1P 1T _En] DU AT Y (R R L 3AE,  [R) It R B
A5y WA S5 1 5 PR P9 B MARFREPY, 4 &by 2 () E-
IILFE Y, p.p- AW H LR, £ 13" L5k —
AN R SR AN W L IR [, LA I RN B
T EERIN IR e A B B, AF— e FEE I
Btk T Ay KI5 S WG PE. S R AR R -a
g 1a KR AW, B MR Vilsmeier W .
SRS N R A S5 (1 38 3 DA R S I 7 2R 8 S A S
1&[&,11]’

1314 _F R A U R 1 AR T T gy

2 FIEAIR S A DR AR T KR AR
AL R B SU B (IR SR RE ). AR e 4R -2 TR (1c)
BP0 B AL SONAL T 1h, 7RIk 5] 92%,; Ttk &
W) 2 (PR ) s N [R] R 2 & /T 1) 3 4%, 1H C(3)- XU 1)
AL B R EHUET 70%. LAY 2 18 3-A7 L4 FE RN 13-
P W R I 48 S 45 4, 1T PR AN U 1 S At
PR R AR T ERMEN C3)-LMH I,
B4 LRAE a D0oE TaR4% b, 705 T S A2k 00 L A i 6 e
EiR-a HHs(1e)MA7AAE. 1E AL BE ) 5 59 MAH IR EEAE
MRS 2 S, U 307 SR A AL
JRCFFBE RS, 10 137k LA R 2 S R PR W
BB R AT AR

MR SRR-b FS 1b f 7-07 IR e b ol 3
WL, B C(7)-BEFE IR R 724 1a,
ARGS9 7 W= 208 9%. W1 7-f7 AL
JIT S (R U T O B R AR [181 R 2 Ak, T
AT IR A5 R AR . AERRPE ARSI T T 15 5 S A4 B
B A0 B B, FF T8 I R AR BRSO T S0 ek C,
ST RN BT AR D, BRI 15 Uk 1)
TR B MRS — 28R A SR N e S N it 2B Y
AT A F, AEICERIEMT R 45 Hh 19 4 AU O

Reagents and conditions: (a) PhCH,PPha/NaOH/THF; (b) CHy(CN),/NEts; (c) Ni(OAC),/Pyr; (d) Me,NCH =CHCHO/POCI3; (e) NCS/CH,Cly

Scheme 2
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Figure 1 Conjugated system of methyl pyropheophorbide-a and the oxidation reaction activity of its 13?-dicyanomethylene derivative

-
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Figure 2 Conversion process from methyl pyropheophorbide-b to methyl pyropheophorbide-a
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Figure 3 UV-Vis spectra of methyl pyropheophorbide-a (1¢)

and its 13’-dicyanomethylene derivative
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PR Ay o ST R R AT BB . gy
3,6,7 F1 8 1) 3-07 Loy mlidEf L, oIk, CEE
UL 2%, 530 13- W LR ] R )
Qy fHAHEL, ‘B4 AQy {43514 32,27, 30 F1 36 nm!',
A 751 1O H R, A 8 i ] WG
Wt EE J R - 24 2-b FE 1b (R AH S R4 K 10 nm!™)

Lj#E4T Knoevenagel S N IR EL, 13- 501 H
KAy 2 TR AN R B D, H—
J& Soret 1717 A2 v 4 T AE (Fwhm {E) AR R, &
Soret #1 Qy [FIIEA L (Soret/Qy) A2 /N, il i 13'-
RO R N7 TR T 5 R R, AR
PR IEORARIT (P W P BRIEAE RE R ok AR ARk, T 3
ARG A HELE Soret WY ML B AL T B £ RE B AHIT 1
n-m B0H n-n* L ERIE; R T B8-S AL
T RUBEE R R — Y e 7 KB 7r 7 B SLHE X 3k, AR Y
H FAR T S5 o HLE (HOMO) A IG5 i (LUMO)
AR 22 5], AR (1 v T R IE T AN
RemWOR. RIS, BeRMILEHE n A R A RIS
N2NZ BB R T — X Frbt, el gEis 7 HOMO
BB P T 1) LUMO $hE BT 1) & A2 L.

16 BB- 5 LA by i, ks A7
TEA AR Soret £ Qy MUE(E LL, [RItk, FLPURERE ER
3 B KO R BRI TE AR 5 IR e 7.
MeR R R E5|RE BA- R AL Zh ), BEnT LLAE(f4)
F B AT WG RSO, O] DB AH N R I i i
¥, 155 OB PDT JEBGRI 5T o B B AT s b

2 Zig

T I 0] S 2R AR A AR, (R ANy
JI bt 2 Mg, MIHE SN KW
Knoevenagel 4G RN, 15K+ AN FIALE Fnf L
BT BL- RN I Ay, O I I 5 A 1
SONGID AL T RIS 4 SN Y- AN MR N A 2 SRV
fem Qy Wl B RO R [FI, K11 R
Y AR = A B A . TR SR R AT AR A g
SEBB- O RS A, ] DL AR S DU T s KR
TG ERE BN 27 SO E P, S e H AT K R A
(R B - 3 28 SN T AR R AL TR DI N IR 12
3 RLEERS
3.1 XFE5EH

JGE M Perkin-Elmer 2400 %450 2 A H A &
IR A Perkin-Elmer 1730 21403560 LA 7€ (KBr

Fr); UV-vis il UV-160A B8040 il 'H
NMR JT] Beucker ARX-400 ZU R mEILHRACIE, WhRA

120 http://sioc-journal.cn/

© 2013 Chinese Chemical Society & SIOC, CAS

TMS; Fi R A e Ak i, e 4 iR-a
Pig 1a 3% SCHR[13]7H)#%; MOBEITSRIR-b FHG(9) 44 SCHR[15]
il g 132 AR BB SRR -a R 13 44 STHR[17171 4%
RNy 2, 3 F1 4§52 SCHR[18, 1975 4%
32 3-HEAREASLLZHETREE-I-LTHEEER
HEMRER-d BEE(5) RIS K

76 50 mL —5CHE AN 25 mL FE IR A VR TP AR 200
mg L5497 2 (0.335 mmol), 10 C FKE&M T 30 mL
) 150 mg — /KIS EE M I AN 2 VAR R, JIF
FE MRS 3R SOV 50 min. ARJ5 N 30 mL VA ER G
R RS R, =5 R HE 30 min S5, W00 2 mL K
ERERE, B PTAE T i R BERR . I 30 mL
JKAT40 mL SRR, A NUE, HIJCKBR R T
J B 2, A AT 21 L[ A ERT A AR T 10 mL 80%
PR T, EimBeE 4 b, A 100 mL /KF 25
mL &L, AN, H & TR A 30
mL X2), &HFA A, KIEE T, R4, FRYEE
JREAEZAT A B Ve VORI - LR LHR)=2 ©
1], 43 146 mg W2l EAE A4 5 (0.238 mmol), f=Z
71%. m.p. 188~191 C; UV-Vis (CHCl;) An.x (relative
intensity): 430, 0.95, 449 (1.00), 529 (0.13), 569 (0.16),
640 (0.29), 698 (1.08) nm; 'H NMR (400 MHz, CDCL;) 6:
—1.11 (br, 1H, NH), 0.65 (br s, 1H, NH), 1.56 (t, J=7.6
Hz, 3H, 8-CH3), 1.79 (d, J=7.3 Hz, 3H, 18-CHj;), 1.98~
2.08,2.23~2.35,2.42~2.60 (each m, all 4H, 17a+7b-H),
2.97,3.19, 3.28, 3.66 (each s, each 3H, CH;+OCHs3), 3.57
(q, J=7.6 Hz, 2H, 8a-H), 4.05 (d, J=9.5 Hz, 1H, 17-H),
434 (q, J=7.3 Hz, 1H, 18-H), 4.83 (d, J=1.5 Hz, 2H,
3a-H), 8.41, 8.85, 8.95 (each s, each 1H, meso-H), 10.15
(d, J=1.5 Hz, 1H, formyl-H); IR (KBr) v: 3443 (N—H),
2958 (C—H), 1689~1737 (C=0), 1655 (C=C), 1527
(chlorin skeleton), 1400, 1286, 1189, 1093 c¢cm '. Anal.
calcd for C37H36N6O5: C 72.53, H 5.92, N 13.72; found C
72.38,H 5.77, N 13.68.
33 3-(1-BEZH)13BL--HITRER-I-EZHEE
E R MR ER-a BB (6)RI A R

#4260 mg LA 3 (0.434 mmol ) % T 20 mL T
R DY AR, ERSARY, 0 CHEFE NN 1
mL 1) 1 mol/L FHIEJRALEE LWk, 7EAH A 41 Pk
A4 30 min, [0 R VAR R 25 mL AT EAL R
W, B 15 min, 5 FEIIA 20 mL i) &R, AL
2, AR EEABUKAI(5 mLX2), &3Fa AR
i, KRR AERZH S EHA: (LR C
fig) © VOECEE)=1 : 2143 149 mg BLE@[FH 1A 6 (0.243
mmol), 5% N 56%. m.p. 212~215 °C; UV-Vis (CHCl;)
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Amax (relative intensity): 382 (0.91), 431 (0.92), 449 (0.95),
532 (0.19), 572 (0.22), 641 (0.32), 698 (1.00) nm; '"H NMR
(CDCl;) 6: —1.25 (—1.29) (brs, 1H, NH), 0.65 (0.70)
(brs, 1H, NH), 1.60 (t, J/=7.5 Hz, 3H, 8b-H), 1.75 (1.73)
(d, J=7.2 Hz, 3H, 18-CHj3;), 2.04~2.28, 2.32~2.60 (each
m, all 4H, 17a+17b-H), 2.13 (2.11) (d, J=6.6 Hz, 3H,
3a-CHj;), 2.86, 2.93, 3.35 (3.21), 3.64 (3.62) (each s, each
3H, 12H, CH3;+OCHj;), 3.60 (q, J=7.5 Hz, 2H, 8a-H),
3.87~3.90 (m, 1H, 18-H), 4.25~4.37 (m, 1H, 18-H), 4.94
(4.88) (d, J=19.7 Hz, 1H, 13%-H), 5.00 (5.49) (d, J=19.7
Hz, 1H, 13%-H), 6.36 (6.34) (t, J=6.6 Hz, 1H, 3a-H), 8.33
(8.32), 8.88 (8.84), 9.58 (9.54) (each s, each 1H, 3H,
meso-H); IR (KBr) v: 3445 (N—H), 3168 (O—H), 2954
(C—H), 1688~1728 (C=0), 1654 (C=C), 1560 (chlorin
skeleton), 1541, 1400, 1084 cm ' Anal. caled for
C37H33Ng O3: C 72.29, H 6.23, N 13.67; found C 72.49, H
6.49, N 13.82.

34 3-ZEiE-13'-BL-ZHIAE-3-XZHEEME
M 4RER-a BREE(7)B9E B

76 25 mL 1T S e i # 139 mg ANy
i 6 (0.226 mmol), 7EZE/TRY T, WH A 20 mg N-
FR RS I RS A 4 B 15 min, PR/ IEIIA 30
mg i ET R VY N IEEL(TPAP), HIERZ AT M I B b, 43
1S h ERINVEHR, I 20 mL K, #ESR, 7k
JZ e H Z & A EL(15 mLX3), &IFAPLUZ, HJK
TR BN T, R 25, TR R R 7 B[k
B MR LHE) © VOECKE)=1 © 4113 60 mg A ff
A7 (0.097 mmol), /=% 43%. m.p. 198~201 °C; UV-Vis
(CHCI3) Amax (relative intensity): 379 (0.70), 423 (1.00),
585 (0.27), 659 (0.24), 715 (0.44) nm; 'H NMR (400 MHz,
CDCl;) 0: —1.59 (br s, 1H, NH), 0.61 (br s, 1H, NH),
1.64 (t, J=7.6 Hz, 3H, 8-CH3), 1.78 (d, J/=7.3 Hz, 3H,
18-CHj3;), 2.23~2.35, 2.50~2.60, 2.62~2.72 (each m, all
4H, 17a+17b-H), 3.16, 3.26, 3.30, 3.60, 3.61 (each s, each
3H, CH;+OCH3), 3.60 (q, J/=7.6 Hz, 2H, 8a-H), 4.23 (dd,
J=6.0, 2.4 Hz, 1H, 17-H), 4.42 (d, J/=7.3 Hz, 1H, 18-H),
5.05 (d, J=19.7 Hz, 1H, 13%-H), 5.16 (d, J=19.7 Hz, 1H,
132-H), 8.39, 9.05, 9.36 (each s, each 1H, meso-H); IR
(KBr) v: 3342 (N—H), 2915, 2847 (C—H), 1739~1692
(C=0), 1608 (C=C), 1498 (chlorin skeleton), 1437,
1365, 1199, 1123, 982 cm . Anal. caled for C37H;36N4O5:
C 72.53,H 5.92, N 13.72; found C 72.40, H 6.06, N 13.61.

3.5 7-B.B-—EIFHEREMZER-a BEs(8)F1Rk M
Ffi5-a BEs(1a)B9E K
5 300 mg M BET 4R IR-b HES 1b (0.483 mmol)¥%sfi#
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F40 mL /K LT+, I 367 mg (5.550 mmol) A i,
FIMA 0.5 mL = 4%, ZAMAY FEEKN 3 h, A
KA ZE R 2, 4 A HUZIRKVE, K2 & H
FEAH(100 mL X 3), G IFAVIAG P 1%2hBRK
R K URSk, A MU SR 4E, A 24T 2 25
BRI MLBR LHR) @ VOECE)=3 : 1], 1429 mg K
O 44 8 (0.044 mmol, 9%)F1 182 mg LA [H1A 1a
(0.300 mmol, 62%).

8: m.p. 215~217 C; UV-Vis (CHCl;) Apax (relative
intensity): 404 (1.00), 502 (0.11), 532 (0.10), 606 (0.08),
666 (0.32) nm; '"H NMR (400 MHz, CDCl;) 8: —1.76 (br
s, 1H, NH), —1.07 (brs, 1H, NH), 1.73 (t, J=7.6 Hz, 3H,
8-CHj), 1.81 (d, J=7.1 Hz, 3H, 18-CHs), 1.95~2.04,
2.28~238, 2.41~2.58, 2.60~2.71 (each m, all 4H,
17a+17b-H), 3.28, 3.45, 3.72, 3.90 (each s, each 3H,
CH;+OCHs3), 4.30 (q, J=7.3 Hz, 1H, 18-H), 4.45 (q, J=
7.6 Hz, 2H, 8a-H), 4.90 (d, J=8.0 Hz, 1H, 17-H), 6.16 (d,
J=12.0 Hz, 1H, 3b-H), 6.32 (s, 1H, 13%-H), 6.34 (d, J=
16.0 Hz, 1H, 3b-H), 7.51 (s, 1H, 7a-H), 8.03 (dd, J=16.0,
12.0 Hz, 1H, 3a-H), 8.56, 8.75, 9.73 (each s, each 1H,
meso-H); IR (KBr) v: 3446 (N—H), 2926 (C—H), 1740~
1680 (C=0), 1612 (C=C), 1530 (chlorin skeleton), 1461,
1307, 1131, 1072, 1000 cm™'. Anal. caled for C30H3¢N¢Os:
C 70.04, H 5.43, N 12.57; found C 69.91, H 5.26, N 12.61.
1a 153 B8 5 SCR[16]— 31
3.6 (2)-3b-%FE-13"-B,8- M B E-13"- KA EME
438 -b F S (10a)#0(E)-3b-F £-13"-8,- & L H
H-13- KA E R EM RER-FER(100) A AL

# 411 mg (0.746 mmol) 4 F1 411 mg S I =K
FEE(1.054 mmol)E % T 120 mL 5 Fikerh, SRimHid:
NIRRT 24 mL /K[ 80 mg EAALE, =i FAEA
R HEEE 30 min, FEIIA 40 mL VK/K AT 40 mL 5 H 4,
H 2% BRI SOV R R A pH A 3, A HLZ, K
E S e RO R, A RN, G /K R R T
B, BRI G SAE 2T A B e VO g
V(L8 CTE)=3 © 115515 2 354 mg ti 9a F1 9b 411
FEEIRAY. T3 AR % T 40 mL JG/K SREH, P
A 725 mg A fi(10.975 mmol) A1 0.5 mL = ZJi%, %
SARP BN 5 h, IIAKR & HEa)Z,
AHUEFKBE, KEH ZEF A4S mLX3), &
AHUAHE ] 1%3R R KA ORI K ek, AU T4
JE R A, TEIRFE T BRI M(LTR LHR) -
VOE Q) =3 1 1170 3433 55 mg falE 44 10a (0.082
mmol, 11%)F1 171 mg sHZEEA[E 4 10b (0.254 mmol,
34%).
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10a: UV-Vis (CHCLy) An. (relative intensity): 386
(0.88), 434 (0.94), 452 (1.00), 495 (0.16), 533 (0.19), 574
(0.23), 644 (0.34), 703 (1.01) nm; '"H NMR (CDCl;) o:
—0.86 (br s, 1H, NH), 0.78 (br s, 1H, NH), 1.58 (t, J=7.8
Hz, 3H, 8b-CH3), 1.75 (d, J/=7.2 Hz, 3H, 18-CHj), 2.20~
2.35, 2.46~2.64 (each m, all 4H, 17a-+17b-H), 2.90, 3.00,
3.53, 3.64 (each s, each 3H, CH;+OCHs;), 3.53 (q, J=7.8
Hz, 2H, 8a-H), 4.06~4.15, 4.18~4.35 (each m, each 1H,
17+ 18-H), 5.38 (d, J=20 Hz, 1H, 13°-H), 5.52 (d, J=20
Hz, 1H, 13*H), 6.94~7.25 (m, 3H, Ph-H), 7.35 (d, J=
11.4 Hz, 1b-H), 7.52 (m, 1H, Ph-H), 7.54 (d, J=11.4 Hz,
1H, 3a-H), 8.27, 9.02, 9.10 (each s, each 1H, meso-H); IR
(KBr) v: 3448, 3180 (N—H), 2929, 2866 (C—H), 1741~
1689 (C=0), 1638 (C=C), 1528 (chlorin skeleton), 1400,
1173, 1071, 1040, 968, 728 cm ' Anal. calcd for
C43Hy4oNgO,: C 76.76, H 5.99, N 12.49; found C 76.60, H
5.81,N 12.24.

10b: UV-Vis (CHCl;) Ay (relative intensity): 390
(0.84), 434 (0.89), 455 (1.00), 496 (0.08), 577 (0.12), 649
(0.27), 710 (0.97) nm; '"H NMR (CDCl;) §: —0.98 (br s,
1H, NH), 0.06 (br s, 1H, NH), 1.61 (t, J=7.8 Hz, 3H,
8b-CH3), 1.75 (d, J=7.2 Hz, 3H, 18-CHj;), 2.17~2.36,
2.40~2.63 (each m, all 4H, 17a+17b-H), 3.09, 3.32, 3.34,
3.63 (each s, each 3H, CH;+OCH;), 3.60 (q, J=7.8 Hz,
2H, 8a-H), 4.08~4.17, 4.24~4.40 (each m, each 1H, 17+
18-H), 5.40 (d, J=20 Hz, 1H, 13%-H), 5.54 (d, /=20 Hz,
1H, 13°-H), 7.44~7.57 (m, 3H, Ph-H), 7.55 (d, J=16.3
Hz, 1H, 3b-H), 7.78 (d, /=7.2 Hz, 1H, Ph-H), 8.13 (d, /=
16.3 Hz, 1H, 3a-H), 8.36, 9.10, 9.12 (each s, each 1H,
meso-H). IR (KBr) v: 3449 (N—H), 2924 (C—H), 1736
(C=0), 1684 (C=C), 1560 (chlorin skeleton), 1459,
1341, 1086, 1040, 976, 669 cm '. Anal. caled for Cy3Hyo-
NgO,: C 76.76, H 5.99, N 12.49; found C 76.89, H 6.13, N
12.67.

3.7 (E)-3b-%F£-13"-BB-—H T HE-13"-EFER#
4385 -b FRERSRECSM(11)BE R

# 129 mg A4 10a (0.192 mmol) % fi# T 30 mL Al
BEH, PRI RVARRIA 0.8 g W MESIRER, 90 CHi
PNV 4 b, P BR 25 SN, KRR YR T 60 mL
“HFEER, TR 4 mL LA 60 mL KT, Sy
HAT B I RBEM I, T JE T U A 2E, R 250
F 5 R AT E T S VR MR LTR) -
VOE2kE)=1 : 3143 85 mg s 4% 4 [l 4 11 (0.117 mmol),
FEE 61%. m.p. 207~210 “C; UV-Vis (CHCl3) Apay (rela-
tive intensity): 396 (1.00), 422 (0.89), 519 (0.15), 698
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(0.85) nm; '"H NMR (400 MHz, CDCL3) 6: 1.27 (t, J=7.2
Hz, 3H, 8-CH;), 1.56 (d, J=7.1 Hz, 3H, 18-CH3;), 1.90~
2.20,2.25~2.60 (each m, all 4H, 17a-+17b-H), 3.06, 3.19,
3.46, 3.62 (each s, each 3H, CH;+OCH,), 3.51 (q, J=7.2
Hz, 2H, 8a-H), 3.98 (d, /=8.6 Hz, 1H, 17-H), 4.28 (q, J=
7.1 Hz, 1H, 17-H), 4.81 (d, J=4.2 Hz, 2H, 13%-H), 7.28 (t,
J=17.6 Hz, 1H, Ph-H), 7.48 (t, J=7.6 Hz, 2H, Ph-H), 7.40
(d, J=16.1 Hz, 1H, 3b-H), 7.76 (d, J/=7.8 Hz, 2H, Ph-H),
8.03 (d, J=16.1 Hz, 1H, 3a-H), 8.17, 9.04, 9.25 (each s,
each 1H, meso-H); IR (KBr) v: 3447 (N—H), 2960 (C—
H), 1737~1680 (C=0), 1654 (C=C), 1541 (chlorin
skeleton), 1521, 1458, 1397, 1174, 1068, 1050 cm '. Anal.
caled for C43H33NgNiO,: C 70.80, H 5.25, N 11.52; found
C70.63, H5.01, N 11.41.
3.8 (E)-3b-%#-13"-B,8-Z H L A E-20-FEL 2 -
13- LR EMEMEE-b FERESW12)BE K

0 CTFM&EH 21 mg =% H5(0.119 mmol) ) KMV
RN 10 mg N,N-— L FFEEI(0.114 mmol), fRHF
A F) R B 3R SN 15 min, 5 HE TR BT e AV
ANF &4 80 mg FRACA Y 11 (0.110 mol)ffy 0 'C & H
FE(20 mL), L KK IF SR 18 h s, A
20 mL VORI BRIR A I, FRAREESEHE 2 h, F —&UHbe
AN (20 mL X 3), G IFA N, FHGKGRIRN T
Fe e G R T AL, BB, HERyaE )=
Froa B E A MR CER) @ VIECkE)=1 : 4]43 23
mg SeZREE A 12 (0.029 mmol, 24%). m.p. 236~239
C; UV-Vis (CHCl3) A (relative intensity): 409 (1.00),
431 (0.97), 672 (0.31), 738 (0.82) nm; 'H NMR (400 MHz,
CDCly) o: 1.21 (d, J=17.1 Hz, 3H, 18-CHj), 1.50 (t, J=7.2
Hz, 3H, 8-CHs3), 2.00~2.25, 2.30~2.45, 2.58~2.78 (each
m, all 4H, 17a+17b-H), 2.89, 2.94, 3.50, 3.69 (each s,
each 3H, CH;+OCH;), 3.57 (q, J=7.6 Hz, 2H, 8a-H),
441 (q, J=7.1 Hz, 1H, 17-H), 4.84 (d, J/=8.6 Hz, 1H,
17-H), 4.80 (d, J=19.0 Hz, 1H, 13*H), 5.15 (d, J=19.0
Hz, 1H, 13%-H), 5.88 (dd, J=16.0, 7.8 Hz, 1H, 20b-H),
7.15 (d, J=16.8 Hz, 1H, 3b-H), 7.30~7.60 (m, 4H,
Ph-H), 7.74 (d, J/=6.7 Hz, 2H, Ph-H), 7.84 (d, /=16.8 Hz,
1H, 3a-H), 8.40 (d, J/=16.0 Hz, 1H, 20a-H), 8.90, 8.75
(each s, each 1H, meso-H), 9.89 (d, J=7.8 Hz, 1H,
20c-H); IR (KBr) v: 3323 (N—H), 2953 (C—H), 1735~
1697 (C=0) 1605 (C=C), 1510 (chlorin skeleton), 1459,
1444, 1264, 1181, 1078, 1040 cm '. Anal. caled for
C4sH4oNgNiO;: C 70.51, H 5.15, N 10.73; found C 70.68,
H5.27,N11.01.
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3.9 13- RK-13'-B8-ZH T RE-13"- KA EH M
FEg-a FEE(14)H9E X

50 mg &Ny 1 13 (0.089 mmol), 70 mg N
AR T 15 mL DU, A 02 mL =401, =
WPEFE R, 25 10 min (IR, [ RNAERINA 4
mL 2, PN 20 mL 7KF1 45 mL S KL, A
WUZ, H & FHEAERUKM(15 mLX3), &HH U,
TG KB R AN T 8%, B 25 0 ) S e IR A )2 AT [ T R
V) © VAED)=10 : 1], 1423 mg ZL(4[# 14 14 (0.038
mmol), =% 43%. m.p. 213~216 C; UV-Vis (CHCL)
Jmax (relative intensity): 397 (1.00), 483 (0.26), 553 (0.09),
654 (0.18), 716 (0.34) nm; '"H NMR (CDCl3) 6: —1.98 (br
s, 1H, NH), 0.51 (br s, 1H, NH), 1.70 (t, J=7.6 Hz, 3H,
8-CH;), 1.88 (d, J=7.3 Hz, 3H, 18-CH;), 1.95~2.07,
2.18~2.43, 2.67~2.80 (each m, all 4H, 17a-+17b-H),
3.35, 3.50, 3.51, 3.62 (each s, each 3H, CH;+OCH,), 3.75
(q, J=7.6 Hz, 2H, 8a-H), 5.11 (d, J=8.0 Hz, 1H, 17-H),
4.63 (q, J=17.5 Hz, 1H, 18-H), 6.36 (d, J=17.8 Hz, 1H,
3b-H), 6.30 (dd, J=11.5, 1.0 Hz, 1H, 3b-H), 8.08 (dd, J=
17.8, 11.5 Hz, 3a-H), 8.94, 9.50, 9.80 (each s, each 1H,
meso-H); IR (KBr) v: 3429 (N—H), 2914 (C—H), 1742~
1700 (C=0), 1604 (C=C), 1529 (chlorin skeleton), 1422,
1388, 1304, 1126, 1010, 975 cm ' Anal. caled for
C3:H34NgO5: C 72.77, H 5.61, N 13.76; found C 72.61, H
5.41,N 13.59.
3.10 13%-ERK-13"-BB-ZHIT AE-20-8-13"- X5 &
Bt £+ 4R ER-a BRER(15)89& A

# 142 mg 1) 14 (0.233 mmol)ifi# T 20 mL &
ferh, IR PR AR 110 mg N-=ART Bk
VEJE(NCS)HI 8 mL I EE M, )2 B (TLC )Rl S v ik
Fe, 20 1.5 hinocke, ghekk v 3 h 545w, BidE F
S VAR RGN 40 mL /K, o HAEHUZ, H &k
AIOKAH(100 mL X 3); & IFE N, HICKHER ST
P, R AR, SRR B (LR &
fig) : VOECED) =3 : 1115 62 mg B0 A1 [ 14(0.096
mmol), 7% 41%. m.p. 220~223 C; UV-Vis (CHCL)
Jmax (relative intensity): 382 (0.42), 437 (1.00), 530 (0.06),
569 (0.18), 726 (0.35) nm; 'H NMR (CDCl3) §: —1.53 (br
s, 1H, NH), —0.11 (br s, 1H, NH), 1.55 (d, J=7.3 Hz,
3H, 18-CHj3), 1.66 (t, J=7.6 Hz, 3H, 8-CHj), 1.92~2.06,
2.28~242, 2.46~2.56, 2.72~2.82 (each m, all 4H,
17a+17b-H), 3.62 (q, J=7.6 Hz, 2H, 8a-H), 3.16, 3.50,
3.59 3.78 (each s, each 3H, OCH;+CHs;), 4.81 (q, J=7.1
Hz, 1H, 18-H), 5.20 (d, J=9.2, 2.7 Hz, 1H, 17-H), 6.13
(dd, J=17.8, 1.4 Hz, 1H, trans-3b-H), 6.27 (dd, J=11.5,
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1.4 Hz, 1H, cis-3b-H), 7.82 (dd, J=17.8, 11.5 Hz, 1H,
3a-H), 9.52, 9.58 (each s, each 1H, meso-H); IR (KBr) v:
3410 (N—H), 2938 (C—H), 1687~1731 (C=0), 1622
(C=C), 1554 (chlorin skeleton), 1436, 1228, 1162, 1040,
985 cm . Anal. caled for C3H33CINGO;: C 68.88, H 5.16,
N 13.03; found C 68.65, H 5.29, N 13.11.
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