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Synthesis of Cyanided Chlorophyllous Chlorin Derivatives and
Study on Their Photodynamic Activities

Gao, Na“ Wang, Zhen” Wu, Jin” Liu, Chao® Wang, Jinjun™“?
(“ Department of Food & Biological Engineering, Wenjing College, Yantai University, Yantai 264005)
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Abstract Pyropheophorbide-a methyl ester was used as a starting material, and its oxygenations were carried out by thaillum
nitrate and air as oxidizing agent to introduce the formyl group and the formylmethyl group at 3-, 12- or 15-postion of chlorin
periphery, respectively. After oximation these aldehyde groups were converted into cyano group under the reaction mediated
from N,N-dimethylformamide and 2,4,6-trichloro-1,3,5-triazine. Dicyanomethylene moiety was established by Knoevenagel
reaction of malononitrile with formyl group and 13'-carbounyl group on the exocyclic ring. Mulcyano-substitutions on the
chromophore were accomplished by further structure modifications. A series of unreported chlorins related to chlorophyll sub-
stituted with cyano-group were synthesized making use of cyanation at different positions on the periphery of chlorophyll deg-
radation products. Their chemical structures were characterized by elemental analysis, UV, IR and '"H NMR spectra. The reac-
tion mechanisms on the cyanation for the chlorophyllous chlorins were discussed and in vitro photodynamic activities of some
new compounds were determined.

Keywords chlorophyll-a; chlorin; chemical modification; cyanation reaction; photodynamic activity
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LR IR R}, Ik 2R e, 7 DU R R AN [F A B
R T IRE S, AR — RAR WARE I F R
(1 B B 4R -a FR R AT A9, T3R8 PDT YT
P T HAT T £ N A A BT A

B R EE AN 2 SN R LB 28R -2 TR (1) S
Ak, SR 3-F R AR O A B B AR -a FER(2) 15-
AR — S nh iy —f —HE(3)MT 12-F Pk RL R i B 422 -a
FfE4). RS, AR 2 AR EER TS
RPN 1 b, BL 72%[0 7 A5 B A gy
f5(5); 8% NN-—F 5L FERRL A A I BA T, 5 =&
ZBR(TCT) Wr R AR SSRE, K 3437 i B AR SRy U,
I3 B H 48% 13- B AL B 2R R-a FTiR(6). 3 i
JEAG B, BEHTHRBIBK L, BL 26%H) &K
HAFF] 15-FIE AN ZHR(T); AN 4 55
PR F2 e N-FR R Be i AR B, — 25 5E s
e, FRIEER] 29%I1) 12-FIE LB 4412 -a FHR(S)
(Scheme 1).

A = LRI VARG A R, ANy 4 5
P B BRI 3 & A 6 SO#% /R I S (Knoevenagel reaction),
DAFR AR = e A il — FEBUR SR R ATA 9 (75%);
SERRTE B P AN 1) B T T ot A B R s A4k 4l s

it FOW Ak, 4 S 43 s DU U AR ) = &b
10 (28%)F1 —FILHUR I — &by 11 (8%); WA S%EAT
W AMEIR BRI 5T T4 4, IRESHER 13- 25
R AR LR 2k iR -a FIR(12), ELAEAERMESR1E T X
HHHAT A A, TR AR SR F A A
B8R J (TR AP0 g /D i ) s S R i
SERATAEY 13 (18%)F1 14 (4%) (Scheme 2).
1 ZR5TR
1.1 MERREBREIRR EMEERRIIE

5 i FE 1) DL oe 2 B HES W AR N A U 2 & i
Sk, AN T BN L — oK, R,
R HE PR JE 1) B8 25 U2 52 U M B BT i) OG5, R 8
AR R R R SIS . BRI R ATE K
NEAJF, PRI Z S N AR A S BUOR R R4 R, R
57 PR T AR BUBME OB R R IR . BT, SRR
(1 s B 2 A SE R DL v 2 EEHE, — B A ML A AT R )
M ANE. BRI GRATEVNER . HFLSER
B U, BT A= 5 NG K I 2 mEHR AT T
PRI e = 50 = AR N,N-—Ff 5= F ke (DMF) $L 7]

8 6

Reagents and conditions: (a) TI(NO3)3/CH,Cl,/80% HCO,H: (b) NH,OH HCl/MeOH/con. HCI; (c) DMF/TCT; (d) LIOH/THF/Oy;

(e) NH,OH HCI/NMP/120 °C

B 1 RIS a fTEMK A

Scheme 1 Synthesis of mono-nitrile substituted chlorophyll a derivatives
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Reagents and conditions: (a) LIOH/THF/O,/CH,N,; (b) TEA/CH,(CN),/CH,Cly; (c) NaOMe/MeOH/CHy(CN),; d) CHo(CN),/EtOH/80 °C
B 2 XUBEEBAHE R a fiTEYINE K

Scheme 2  Synthesis of di-nitrile substituted chlorophyll a derivatives

TRHEI S N 26 A, TEE IR T, Xt = AR =)
it B 5 S EEL A, DA HATS IR L P Tk M 5 2 s R B
RETHT I SRR AT DD

DLy G 5 A1, =& —WEf DMF Jt[F ik
Fa S B ) S S FE U 1 BT Bk, DMF 5 =& =
B2 & LB SEAZ AR S B AR T i 3 =Rk a, FTHUARAHI A
B8 F R a HHRIBRE B B R 4K b, FEZHE T
B REARTIEE: ¢ M=ZBANE T d. g
M2 EHSRE, Bl 5 5 ¢ BERIRAFEZIN, 4
R T O-BUR sk A, B2 Fa M B, 4T
AT G 45 MG IR IE & F C, FR5/K0F1E
ARV S EHFY D. SR, A SO H AT IR
RS HEHEN C3)-FBEE F IR &0y, T
AR TRETBR -5 PR ERETSER-a F
fi5(6). HTEERN KIS B — HIRFFE
PR RILYE, R A BN M VUL KRS E S5
TR, FTLA, I % A2 i T4 O-BUAR G A ) 4
A G TSR, B = 5 d sk ek A
(1) 3a-hiJi FHALI =15 e, AW THBERKEE
B SRR, O-HUAR G 44 Hh i U AE B B 2, 25 2 —
43F DMF Al HCI AL A9 6 (B 1 HERS 1 FTR).

12- B s ) 2 i e U e o T — by 8 4 7
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NMP H 5 R I& 46 6 RN, TERRIEES E Al N-H
FEIE A e 3h B Rk f, HER B 2RI A
JR - b S AL, T R T MR SR GBS S F o
SRR BB IR B K, A3 gh e 12-FSEEUR 1)
SRR 8 AT N- HH JE AL g e
1.2 ZEAMg A C-IIEFIRFTEM BN TENL

P HE 55 TN R I BSOS IR 46 A RT DL Ao g N —
AN IR AE R, 1t R 34 F R SRR E- 2R
FEAG B AT RE R A B o 1 S A D SRR AR )
M-SR R AT, ARSI T AR, 1F 12-07 L [FRE
ST O, RS T R gk ek I Nk — 2
S F LA, R RS B VY F IR SRR
B &by 10 £ 11, HoE G FEanE 2 s £S5 AN
G R R RN R AT, (B 9 R e E-3R
13'-f7 — & FAL I E, 1267 B 8O0 P35 R
TRERAE T ISR, AR G B2 — 4 A
FL S AL R TR H, PR MIR 12-07 b = S SR
HIBE R R AR 1, a5 A AR B0 - R AR SR A% L
IR 3745 10 A 11,

T AREZ FUIE BRI S 32K Ay, A
AL I R LA PR, & 12 Sl KA DL
WIFE 13%A0A 12-07 B SE i RIE L5 H. 5 MPPa A
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Cl g N’ N
Y b X A,
NNg N A A MY
° - LA i LA
Ter Cl N cl Cl)\N/)\CI ClI” N° Cl
a b d
HSC\N/CHS
OH
Cl Cl
=N (H—o+) H Hel N)QN HsC_CHs N
N, )0 \ — I + \\33
)N S ON c” N al 0" H Chlorin
cr g é\cs e TMF 6
Chlorin
A
HsC. _CHs;
X
H3C. +.CH
3 JNlj 3 HSC‘N/CH3 HSC\N/ O~ H
H3 > Cl “~ i .
Ol-lj c CI#H HY C'J\H HC= HO  HC-NH
Ho_y  © — H-O0 — ) {c, \Gs
E/ H N H\//N Chlorin Chlorin
(& / c D
Chlorin 1 Cs ics
5 Chlorin Chlorin o
Chlorin = 4% % o ik A B
N—Me
0 oH NMP o~ (OH, N
_0 . T cr cr HY I
Chlorin ~'2 |c AN /cyy Chlorin
Chlorin " Me H | Chlorin
4 NMP Me F 8
E f
B 1 FEBe SRR I R PR L 1) SR 1 e A A
Figure 1 The transformation process of the peripheric formoyl to cyano-group linked with methyl pyropheophorbide
b, feEP 12 2 TR R B S LI ], B R 45 HRARPER, SR MEMEEE (MTT) b it b i & 4%t /s
RWHBRA, f&a, WNET - ErREYH R15 2 SRR S-180 4 ARSI JriE v EAT I E . AR

132 S8 AR A B 482 13 N1 12 PP 4, G 32 el B - 4
iz 14, oSO AR B AR R STkt ok, 7B
BRESAE PR T J MK, 55K E 0 FHE
VER SR 13 AT 0wy s L, L 12-f7 FY B3 52 3 &
A B T ISR BUE T B DY Th A (A ML, B A
BT I EERR P PIBRIEL AT N kg A8 RV (R
TR Je & % [ Wi (Cannizzaro reaction), P £88R 4k ATH It
AT T LAk &4 15.
1.3 BEUMFERLZSAIMNRMTEIREINERNTE
L

MR GREGRIY PDT Uy R R FR A e
TR AN [F BRI [T 7 2 R A E 2R85B BB 2
BHEE R, SR SRR 2R Ay 1))
JHEER DI S — 2 52, 7 5EEE 1, 4, 6~12 MfF
MALED. LA meso-DY¥2 28 3 — MWy (mTHPC)
I S 6 511 11 4700 2590 )6 B 2K (Photofrin) Jy ) 8 5, 786
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A VA FE S BON R AR 8, DLAH B0 1) 26y AR AR
SRAG LM Z(1Cs).

M1 AT LU H, AT R Sy X /)N B AR
S-180 4N # AT BRI N3N J1iE 1, I 1Cs KT
0.600 pmol/L, X9 5 21 Al ) # f1) i Fy iz i 1 58 — 4RI
PRIIGEN 108 254 Photofrin. B 7 Ab&¥ 12 LLAK, H
fih = ) PDT 3G V38 & T1E A 3R S W B
VIR R R -a BIS(1). R KB MR &
) PDT 35 VAR T H §0IG R B A 20 R S i e iz v
mTHPC, {H 12-f —F H BB B SRR 9 1AM
P HBONEE, T 15-00ER SR Ay 7 F1Y
FECK LAY 10 AR IE % EEs T
mTHPC.

MLESR S REE UG, IS K0P N R
J8 S-180 ZH ML () 2 JE BRAN R AR L %4 5 1 A L,
13'- 450 F 6 Ay 12 (esh fris o B R BE, T
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Figure 2 The cyanation and allomerization process on the exocyclic ring and at 12-position of pyropheophorbide

12-17 —F00 F I SR R ATV /N BRI S-180 4
(U R B ) g, 454 DURUSE —Anbwy 10 fr
H B R R PDT 31, SOl 12-f7 F ik b 13%
PRI A i T4 K710 PDT 6. 2Lk E-
INTFBESERI) 15-FE by - —Hlg 7 FEARK
W 1) 22 FAERUR AL BT SR 10 FirR I HE 13 ok
IENE, SMER SRR ) AN (1. 4. 8
12) 112 AN 2 1C 50 WIAHXT AR, WREh R W, Fridss
VAR A AR PR s, LGB o P s PRk, 514,
13- 5 R A BT 4R 12 1 ICs {HN 0.596
umol/L, T EA B KMRMERIAALF R 10 AR &
LN FEZ 0.048 pmol/L; ANy EE 4 MR e T
THRIHEAL Y 8, 7T 1K PDT R s g et L
HE .

2 #ig
FH A R G B R 2 A AL RN, R4 B

fEr AR AN R AL B S PR, 5 R
PG, TEANIFI SRS AR T DABR] o 71 _E B R Al
HEIE; Gl C-mEs T IRETE N A 5 I
(RSO R G A, (8 12-00F0 FLCAMERR EES T
SRR A, HCHE— D B G5 R A RS T ORI 1Y) 22 T
AR B DU R s R ER =4, I SE R I) 5INK KI5 10
JeBN ST EERENS A W s, R, R A
FE AR, JRBUT B 4 3R AN AT AR AR
T EINTZ G gL
3 WS
3.1 UFE5H

JCE T Perkin-Elmer 2400 %70 & A Hr Al 5E;
IR A Perkin-Elmer 1730 21403 366 B AN %€ (KBr
Fi); UV-Vis ] UV-160A B ANy et itilE; 'H
NMR i Brucker ARX-400 HUZHEILIRACIE, PIAx
4 TMS. JT RRRIE R o i il p 2 4. 8 fid B 4

R LRI AN /N R AR 180 2L A -4 1 3 (ICs,)

Table 1 ICs, results of chlorophyllous chlorins on mouse sarcoma S-180 cell line

Comd. Photofin mTHPD 1

6 7 8 9 10 11 12

1C5o/(pmoleL ')* 0.776 0.061 0389

0.239 0.187 0.052 0.328 0.072 0.048 0.247 0.596

BN BN R ETE U B IE e i LA B R BT S B0 AR 3 /0 B ISR - 180 AT 44 b 38 (ICs0) 35K F BT B R e FE (10 pmolL ).
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1&-a H R ()% SCHR[12] 1 £
3.2 15-HAELE ZSAMNS-f ZE5(3)F0 12-EAEE R A 45
AT4RE&-a FRER(4)IE

¥ 536 mg (0.978 mmol )£ Mt B 4R R H Ii-a (1)1
fiET- 280 mL PSR, PRI S S AL B AN 15
mL R, EEBEE 3 by I 200 mL vkoK, $iidE T
Tk ERER, A5 pH A 2~3, A 200 mL 5 F ki
2, & EEABUKM @0 mLX2), &IFAHE, K
e, FTEKBREREN T 1, 2800 297, AR5 FoH A
T 350 mL & S%IRERER M VAW, EiRHiPd .
Z5Ja N 300 mL KA1 300 mL 5 ke 2, AN
FFERBEPIIR, TG bR 2085, Kl R i@ A E b
STEBEMT: MCRRCER) - VOECK) =1 © 4] NECKIK
PR H 53 B H 46 mg A E K 3 (0.078 mmol, 8%)FH
104 mg ZEEA[E 1A 4 (0.186 mmol, 19%). L&) 3 F1 4 K]
Sy BT BUHE R K S SRR 11]— 3%
3.3 (EI1Z2)-3-#BIZE-I-EZHEEEREMFE-a
FEE(S)RI & AR

7£ 50 mL 50 e 25 mL FE IR A VR TR VA AR 198
mg MPPa 1 (0.361 mmol), 7£ 0 C F# AT 30 mL
FE(1) 150 mg = /KASEREE I B B, AR
TP T HEFE M 15 min, SRJ5 I 30 mL 3067 R 206N FH
FEVRL RV, iR FHERE 20 min, 00 2 mL K SEARIR
th, B KEM A GOUTEEIE, HERA & P RAEI0
mL X3), FHAEVEKEE, FERERERGERT, K5
FPAMET 15 mL 80%M HERIATR Y, =i+ 6 h,
A 20 mL KA1 35 mL —&H ke, 2 HENZ, KEHZ
AR5 mLX3), &IFANUEIFKLES, K
i R AN T A, R R R 46, RE SRR 2 AT 40 B [k B A
VOATHER) @ MR 4B8)=3 1], 193] 148 mg BG4
B4 2 (0.260 mmol, 72%). ¥ AT S E AT 10 mL
I, FIANEA 40 mg EhERELN% 10 mL HIRE,
PLFE RN 0.1 mL WK ERLER, FIRMFERPL 1 h, )5
BN 20mL & KA1 20 mL /K42, KA &Rk
(15 mLX3), FIFANZ, KEtfEH KRR T
e, WEBRZVER, R RMEREFEENT LB VA
W) © MR ZHEE)=2 1], 53] 53 mg BLEEOEE 5,
FEER 42%. mp. 188~191 ‘C; UV-vis (CH2CL) Amax
[¢/(Lemol 'ecm™")]: 408 (1.87X10% , 503 (1.50X10%),
533 (1.31X10°%), 603 (1.12X 10%), 660 (7.11X 10*) nm; 'H
NMR (CDCl;) 6: —1.11 (br s, 1H, NH), 0.65 (br s, 1H,
NH), 1.59 (t, J=7.6 Hz, 3H, 8-CH3), 1.79 (d, J=7.2 Hz,
3H, 18-CH;), 1.98~2.08 (m, 1H, 17a+17b-H), 2.23~
235 (m, 1H, 17a+17b-H), 2.42~2.60 (m, 2H, 17a+
17b-H), 2.97, 3.19, 3.28, 3.66 (each s, each 3H, CH;+
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OCHa), 3.57 (q, J=7.6 Hz, 2H, 8a-H), 4.05 (d, /=9.4 Hz,
1H, 17-H), 4.34 (q, J=7.2 Hz, 1H, 18-H), 4.83 (d, J=1.5
Hz, 2H, 3a-H), 4.99 (d, J=20.8 Hz, 1H, 13%-H), 5.15 (d,
J=20.8 Hz, 1H, 13°-H), 8.41 (s, 1H, 3b-H), 8.85, 8.95,
10.15 (each s, each 1H, meso-H); C NMR (400 Hz,
CDCly) d: 195.86, 173.43, 170.28, 169.00, 161.68, 154.89,
152.11, 150.92, 150.87, 148.65, 144.65, 138.82, 136.58,
133.27, 131.34, 125.00, 106.66, 103.55, 99.08, 93.83,
99.83, 93.89, 52.00, 51.75, 49.67, 48.11, 31.00, 29.79,
23.24,19.91, 19.23, 17.28, 11.96, 10.84; IR (KBr) v: 3324
(N—H), 2925 (C—H), 1739, 1696 (C=0), 1602 (C=C),
1500 (chlorin skeleton), 1451, 1263, 1089, 1041, 903
em'; EI-MS m/z: 5804 (M+H"). Anal. caled for
C34H3:NsO4: C 70.45, H 6.43, N 12.08; found C 70.39, H
6.32, N 12.20.
3.4 3-FHRE-3-ECHELEREMRER-a FEE(6)NE
74

7£ 2 mL DMF Hi%f# 480 mg =5 =M, =imHiHE
30 min(f& R IS L IR HTA N ALA (), RE 55
A 133 mg AN EERE 5 (0.230 mmol) ) 5 mL DMF &
I, FRBPE 24 he JeE 0N 15 mL KAT 25 mL & H
Bl s SRR 20y =, g3 A B, AR & b
(15 mLX3), &FFENAHFFKGE, KR T 1,
Wl J5 R AT JE AT 70 B [ MR VCR M) @ (SRR
LHg)=4 1], 1§ 62 mg EA[EH{K 6 (0.106 mmol), F=3%
48%. m.p. 188~191 ‘C, UV-vis (CH,Cl) Amax [&/(Le
mol 'eem™1)]: 316 (1.84X10%), 406 (1.53X10%, 504
(9.18X10%, 534 (8.35X10%, 608 (7.65X10%), 664
(1.19X10* nm; 'H NMR (CDCl;) 6: —1.88 (br s, 1H,
NH), 0.16 (br s, 1H, NH), 1.69 (t, J=7.6 Hz, 3H, 8-CH3),
1.81 (d, J=7.2 Hz, 3H, 18-CHj), 2.25~2.33 (m, 1H,
17a+17b-H), 2.53~2.61 (m, 2H, 17a-+17b-H), 2.66~
2.74 (m, 1H, 17a+17b-H), 3.25, 3.39, 3.62, 3.65 (cach s,
each 3H, CH;+OCH;), 3.66 (q, J=7.6 Hz, 2H, 8a-H),
431 (d, J=8.6 Hz, 1H, 17-H), 4.53 (q, J=7.2 Hz, 1H,
18-H), 4.81 (s, 2H, 3a-H), 5.12 (d, J=19.8 Hz, 1H, 13%-H),
527 (d, J=19.8 Hz, 1H, 13%-H), 8.59, 9.20, 9.51 (each s,
each 1H, meso-H); °*C NMR (400 Hz, CDCl;) 6: 200.09,
173.61, 170.95, 160.83, 155.21, 150.58, 148.565, 145.07,
141.45, 138.10, 136.38, 136.09, 135.88, 131.72, 130.59,
129.31, 129.22, 122.63, 112.32, 104.15, 93.13, 53.31,
50.99, 31.88, 31.78, 29.86, 23.50, 19.58, 17.92, 17.54,
12.23, 11.68; IR (KBr) v: 3445 (N—H), 2958, 2835 (C—
H), 1736, 1689 (C=0), 1655 (C=C), 1527 (chlorin
skeleton), 1400, 1286, 1189, 1094 cm™"; EI-MS m/z: 561.7
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(M+H"). Anal. caled for C34,H3sNsO5: C 72.71, H 6.28, N
12.47; found C 72.59, H 6.32, N 12.30.
3.5 15-FEZSAMNG-f ZFHER(7)BIE K

7E 10 mL H i by f# 70 mg ARG 3 (0118
mmol), #FEFMABEA KK 40 mg ShEGF2M, 4k
ZE4EE 5 min, WEHN 0.1 mL WK ERR S W IR RE SN 1
h; JEfEMA 20 mL =& e 20 mL /K, 7 AP
FRBEPIIR, W R 20557, RIRDEFEMHT 5 mL
DMF 1, RGEIANEH 480 mg =& =) 2 mL DMF
o, Z=ESERE 24 he SJEINN 15 mL KA1 25 mL &
PR R BAE R 2, A NLE, KEH & A
(15 mLX3), &IANAHFEKBE, ToKoER 8T,
Wi Je AR BT R AT 23 B W 0] VO g @ V(SR
Zlig)y=4 1 1], 19 18 mg E A4k 7 (0.031 mmol), =%
26%. m.p. 191~194 ‘C; UV-Vis (CH,Cl,) Amax [€/(Le
mol 'eem ™ 1]: 385 (5.23X10%), 422 (1.07X10%, 512
(9.42X10%, 561 (5.01X10%, 688 (9.34X10% nm; 'H
NMR (CDCl;) 0: —1.15 (br s, 2H, NH), 1.65 (t, J=7.6
Hz, 3H, 8a-CH3), 1.79 (d, J=7.2 Hz, 3H, 18-CHj3), 2.24~
232 (m, 1H, 17a+17b-H), 2.53~2.62 (m, 2H, 17a+
17b-H), 2.67~2.75 (m, 1H, 17a+17b-H), 3.18, 3.40, 3.57,
3.59, 4.37 (each s, each 3H, CH;+OCHs;), 3.64 (q, J=7.6
Hz, 2H, 8a-H), 4.51 (q, J=7.2 Hz, 1H, 18-H), 4.75 (dd,
J=9.0, 3.0 Hz, 1H, 17-H), 6.14 (d, J=11.6 Hz, 1H,
cis-3b-H), 6.28 (d, J=17.8 Hz, 1H, trans-3b-H), 7.94(dd,
J=17.8, 11.6 Hz, 3a-H), 8.71, 9.52, 9.63(each s, 2H, me-
so-H); IR(KBr) v: 33419 (N—H), 2915, 2847 (C—H),
1733, 1691 (C=0), 1604 (C=C), 1497 (chlorin skeleton),
1437, 1365, 1199, 1111, 981 cm™'; EI-MS m/z: 592.3 (M+
H"). Anal. caled for C3sHyNsO,: C 71.05, H 6.30, N
11.84; found C 71.21, H 6.19, N 11.69.
3.6 12-FEEREMLRER-a BES(8)ME MK

£ 8 mL N-H JE Atk g Be i s i 179 mg — bWy %
4 (0.319 mmol), HEFETFIMATSCHIANT 51 mg EhERF2 %
(0.739 mmol), 120 ‘C R+ 8 h. SE/EMA 15 mL /KHI
25 mL "SRR R BE R, AU, KA
F SR E(15 mLX3), &IFANAHIFKEE, Tk
R AN T, 4G 5 R IR AT JZ T 70 B e B fl: V(A
fif) : M(CBR CEg)=4 © 1], 18 52 mg B EALEE 6 (0.093
mmol), *Z% 29%. m.p. 188~191 ‘C; UV-Vis (CH,Cl,)
Jmax [€/(Lemol 'ecm™)]: 401 (1.48 X 10%), 518 (9.02 X 10%),
564 (8.66X10%), 614 (8.68 X 10%), 670 (1.32X10%) nm; 'H
NMR (CDCLy) 6: —0.49 (br s, 1H, NH), 0.72 (br s, 1H,
NH), 1.43 (t, J=7.6 Hz, 3H, 8-CH3), 1.81 (d, J=7.2 Hz,
3H, 18-CH3), 2.13~2.23 (m, 1H, 17a+17b-H), 2.33~
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243 (m, 2H, 17a+17b-H), 2.54~2.68 (m, 1H, 17a+
17b-H), 2.80, 3.25, 3.66 (each s, each 3H, CH;+OCHs;),
3.16 (q, J=7.6 Hz, 2H, 8a-H), 4.03 (td, J/=9.4, 2.0 Hz,
1H, 17-H), 4.29 (dq, J=7.4, 2.0 Hz, 1H, 18-H), 4.85 (d,
J=19.8 Hz, 1H, 13%-H), 5.01 (d, J=19.8 Hz, 1H, 13°-H),
6.15 (d, J=11.6 Hz, 1H, cis-3b-H), 6.19 (d, J=17.8 Hz,
1H, trans-3b-H), 7.70 (dd, J=17.8, 11.6 Hz, 1H, 3a-H),
8.18, 8.51, 8.63 (each s, each 1H, meso-H); BC NMR (400
Hz, CDCly) d: 187.07, 173.45, 170.94, 150.82, 149.68,
14492, 141.16, 137.38, 136.39, 135.73, 131.36, 129.19,
128.97, 128.93, 122.64, 112.90, 106.88, 104.43, 99.83,
93.89, 51.65, 51.59, 31.92, 31.23, 29.64, 29.35, 23.59,
22.68, 19.47, 17.44, 14.10, 12.21, 12.11, 11.22; IR (KBr)
v: 3449 (N—H), 2924 (C—H), 1742, 1708 (C=0), 1686
(C=0C), 1560 (chlorin skeleton), 1457, 1341, 1082, 1040,
971 ¢cm '; EI-MS m/z: 560.3 (M+H"). Anal. calcd for
C34H33Ns03: C 72.97, H 5.94, N 12.51; found C 72.82, H
6.02, N 12.37.

37 12-Z—FULFE-12-XFEEREMLREE-a S
(9HIER

+ 80 mg 12-HBEHEL AR B ¢ R -a HIE(4) (0.142
mmol)¥EfE T 10 mL PUEMEEH, A 0.3 mL = 4 %5,
RIS INGET 5 mL PUSWRIRER) 40 mg 5 0, 5
min WIN5E, BEEEMF T EEBEE, TLC WM L,
20 min RS, [A] [ SAAR RN 20 mL 7K R 20 mL —
AR, AV, KZH &P RAER (S mLX3),
HIANZE, KB H T KRR AN T8, R SE, T
RVVGETEIRKE ZAT 43 B VOAmE) - (RS
fig)=4 : 1], £33 65 mg SEE A 9 (0.107 mmol). F=F
75%. m.p. 241~242 ‘C; UV-Vis (CHyCl) Amax [&/(Le
mol ~'eem ™ ")]: 401 (9.91X10%), 504 (7.93X10%), 624
(8.92x10%, 658 (1.19X10%, 699 (2.48<10* nm; 'H
NMR (CDCls) 6: 0.09 (br s, 1H, NH), 0.68 (br s, 1H, NH),
1.48 (t, J=7.6 Hz, 3H, 8-CH;), 1.78 (d, J=7.2 Hz, 3H,
18-CH3), 2.11~2.21 (m, 1H, 17a+17b-H), 2.28~2.40
(m, 2H, 17a+17b-H), 2.51~2.62 (m, 1H, 17a+17b-H),
2.94, 3.23, 3.66 (each s, each 3H, CH;+OCHj;), 4.03 (q,
J=17.6 Hz, 2H, 8a-H), 4.23 (q, J=7.2 Hz, 1H, 18-H), 4.05
(d, J=8.4 Hz, 1H, 17-H), 4.90 (d, J=20.0 Hz, 1H, 13%-H),
5.05 (d, J=20.0 Hz, 1H, 13%-H), 6.15 (d, J=11.6 Hz, 1H,
cis-3b-H), 6.20 (d, J=17.8 Hz, 1H, trans-3b-H), 7.72 (dd,
J=17.8, 11.6 Hz, 1H, 3a-H), 8.53 (s, 1H, 12-H), 8.21,
8.64, 8.69 (each s, each 1H, meso-H); IR (KBr) v: 3443
(N—H), 2957 (C—H), 1731, 1698 (C=0), 1623 (C=C),
1560 (chlorin skeleton), 1462, 1232, 1170, 1031, 916
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em 'y EI-MS m/z: 6113 (M+H"). Anal. caled for
C37H33NgO: C 72.77, H 5.61, N 13.76; found C 72.81, H
5.51,N 13.59.

38 13 HIRE12-(1-BEERE22-Z8§HZ
BE)-132-EF-12-ERREREN R -a BES(10)F0
12-(1-RERE-22-“8E CHE)-12-EREERE
At4RER-a FREE(11)MIE R

¥ 129 mg 12-B.8- — F W R JE £ I 85 i 2% 7R (9)
(0.211 mmol)¥#f# T 15 mL & 20 mg HREEA HI B,
PEFE RN 130 mg 1A —Ji(0.002 mol), T35 CHRAME
PR CHFE, 3 h )RNEEH, IO 25 mL & BER 15
mL 7K, HAENLE, KEAZEF A0 mLX3),
GIFANUAE, FTCKBREREN T4, RS, TR
RERAE E TV VCRMER) @ (B 4B8)=3 : 115
B, 19 42 mg £ [EH 14 10 (0.059 mmol, 28%)A1 11 mg
£ (0 & K 11 (0.017 mmol, 8%).

10: m.p. 241 ~244 °C; UV-Vis (CHyCl) Amax
[/(Lemol "scm™)]: 389 (8.53 X 10%), 433 (1.04 X 10°), 454
(9.46X10%, 590 (2.81X10%, 646 (3.74X10%, 706
(1.04X10°) nm; '"H NMR (CDCl;) 6: —0.28 (br s, 1H,
NH), 0.70 (br s, 1H, NH), 1.58 (t, J=7.6 Hz, 3H, 8a-CH3),
1.77 (1.73) (d, J=7.2 Hz, 3H, 18-CHj), 2.18~2.42 (m,
2H. 17a+17bH), 2.55~2.70 (m, 2H. 17a+17b-H), 3.45
(q, J=7.6 Hz, 2H, 8a-H), 2.78 (2.75), 3.10, 3.29, 3.69
(3.65) (each s, each 3H, CH;+OCH;), 4.19 (4.17) (d, J=
9.0 Hz, 1H, 17-H), 433 (q, J=7.4 Hz, 1H, 18-H), 5.41
(5.36) (s, 2H, 12-1'-CH,), 5.70 (5.64) (d, J=20.0 Hz, 1H,
13%-H), 5.80 (5.55) (d, J=20.0 Hz, 1H, 13*H), 6.17 (d,
J=11.6, 1H, cis-3b-H), 6.24 (d, J=18.0, 1H, trans-3b-H),
7.84 (dd, J=18.0, 11.6 Hz, 1H, 3a-H), 8.32 (8.31), 8.88
(8.87), 9.02 (each s, each 1H, meso-H); *C NMR (400 Hz,
CDCly) d: 173.62, 148.71, 143.43, 135.80, 135.37, 132.46,
131.90, 130.77, 130.25, 129.39, 129.36, 128.80, 126.40,
123.81, 121.88, 104.92, 101.43, 93.40, 51.85, 51.40, 48.75,
31.01, 30.09, 23.66, 23.60, 19.27, 17.41, 14.13, 11.90,
10.98; IR (KBr) v: 3409 (N—H), 2960 (C—H), 1729, 1700
(C=0), 1647 (C=C), 1550 (chlorin skeleton), 1462,
1376, 1211, 1143, 1053 cm ™ '; EI-MS m/z: 703.3 (M+H").
Anal. caled for CyHigNgO;: C 71.78, H 5.45, N 15.94;
found C 71.89, H 5.39, N 16.06.

11: mp. 237 ~239 C; UV-Vis (CH,Cl) Amax
[e/(Lemol "scm™)]: 410 (1.27 X 10%), 505 (3.31 X 10%), 556
(2.54X10%, 617 (2.16X10%, 674 (6.73X10* nm; 'H
NMR (CDCls) 6: —0.73 (br s, 1H, NH), 0.50 (br s, 1H,
NH), 1.63 (t, J=7.6 Hz, 3H, 8a-CH3), 1.78 (d, J=7.2 Hz,
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3H, 18-CH3), 2.23~2.38 (m, 2H, 17a+17b-H), 2.51~
2.71 (m, 2H, 17a+17b-H), 3.52 (q, J=7.6 Hz, 2H, 8a-H),
2.76, 3.14, 3.33, 3.64 (each s, each 3H, CH;+OCH;), 4.20
(d, J=8.4 Hz, 1H, 17-H), 4.39 (q, J=7.2 Hz, 1H, 18-H),
5.08 (d, J=18.4 Hz, 13*-H), 5.24 (d, /=184 Hz, 1H,
13%-H), 5.44 (s, 2H, 12-1'-CH,), 6.17 (d, J=11.4 Hz, 1H,
cis-3b-H), 6.26 (d, J=17.8 Hz, 1H, trans-3b-H), 7.89 (dd,
J=17.8, 11.4 Hz, 1H, 3a-H), 8.39, 9.12, 9.20 (each s, each
1H, meso-H); “C NMR (400 Hz, CDCly) §: 203.01,
197.56, 173.51, 171.36, 161.10, 155.49, 150.74, 148.98,
145.07, 141.51, 137.84, 136.41, 136.09, 135.86, 131.76,
131.09, 130.04, 129.15, 128.31, 128.09, 126.41, 122.57,
109.10, 104.08, 97.20, 93.11, 56.67, 51.70, 50.96, 50.13,
39.12, 31.02, 30.00, 25.82, 23.43, 19.45, 17.44, 12.11,
11.21; IR (KBr) v: 3454 (N—H), 2858 (C—H), 1739, 1700
(C=0), 1618 (C=C), 1461 (chlorin skeleton), 1448,
1380, 1253, 1172, 1083, 1010, 801 cm '; EI-MS m/z:
656.2 (M+H"). Anal. calcd for C30H3sN¢O4: C 71.54, H
5.85, N 12.84; found C 71.41, H 5.69, N 12.89.

3.9 13-ZHITFR-13%-FR-13-KREREMZE-
a BE5(13)f1 13- H T RE-12-RE AR E-12-KH
B3 K FEREMRL-a BES(14)HE K

HY 220 mg MPPa (1) (0.401 mmol)#f#T 20 mL &
KT, NG &P (200 mg)fl 0.5 mL =24
iz, BT T 80 CHAF THHE S 4 h, IREFRE
KEBAEFEIMA 100 mL 7K, A & F 52 E(100
mLX3), &IFHHLZ, Kbt/ HIKRERTE, ik
Weds, TR RERAEZ AT VO E) © (&
% 2 l8)=3 1 1) B HAE N E =) 12 P ads,
WY J5 EHTVA IRAE 20 mL PUSIRRIEG Y, K S B A R
FEARZE 0 C, INMANE S (400 mg LiOH W& f#AE
20 mL FEEAT 5 mL 7K ), ZEiRBEHE 6 h, H 25% MR
WA ZE Ph{EA 2, H CH,CL ZEHUS NR(15 mL X 3),
GHAHZ, KEEJEH KRN T4, AR,
S RERAE BN VO mEE) © (2R 2R =
3111508, 15943 mg AR EAE K 13 (0.072 mmol, 18%)
A1 10 mg 2B 2% [ 44 14 (0.016 mmol, 4%).

13: m.p. 252 ~ 255 C; UV-Vis (CHCly) Apax
[e/(Lemol 'scm™)]: 397 (1.13 X 10%), 483 (2.94 X 10°), 553
(1.02X10%, 654 (2.13X10%, 716 (3.84X10% 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-CH3), 1.88 (d, J=7.2 Hz,
3H, 18-CH3), 1.95~2.07 (m, 1H, 17a+17b-H), 2.18~
2.43 (m, 2H, 17a+17b-H), 2.67~2.80 (m, 1H, 17a—+
17b-H), 3.35, 3.50, 3.51, 3.62 (each s, each 3H, CH;+
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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=7.6 Hz, 1H, 18-H), 6.30 (dd, J=
11.6, 1.0 Hz, 1H, cis-3b-H), 6.36 (dd, J=17.8, 1.0 Hz, 1H,
trans-3b-H), 8.08 (dd, J=17.8, 11.6 Hz, 1H, 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
em ', EI-MS m/z: 6124 (M+H™"). Anal. caled for
C37H3NgO5: C 72.77, H 5.61, N 13.76; found C 72.61, H
5.41,N 13.59.

14: m.p. 227 ~ 229 C; UV-Vis (CHyCly) Amax
[e/(Lemol 'scm ")]: 410 (9.87 X 10%), 505 (2.08 X 10*), 556
(1.58X10%, 617 (3.95X10%, 674 (4.24X10% nm; 'H
NMR (CDCls) d: 0.05 (br s, 1H, NH), 0.70 br s, 1H, NH),
1.65 (t, J=7.6 Hz, 3H, 8-CH;), 1.74 (d, J=7.2 Hz, 1H,
18-CHj), 1.98~2.06 (m, 1H, 17a+17b-H), 2.15~2.36
(m, 2H, 17a+17b-H), 2.50~2.67 (m, 1H, 17a+17b-H),
3.56 (q, J=7.6 Hz, 2H, 8a-H), 3.07, 3.25, 3.63, 4.35 (each
s, each 3H, OCH;+CHj), 4.08 (d, J=9.0 Hz, 1H, 17-H),
427 (q, J=72 Hz, 1H, 18-H), 4.97 (d, J=20.0 Hz, 1H,
13%H), 5.13 (d, J=20.0 Hz, 1H, 13*-H), 6.14 (d, J=11.6
Hz, 1H, cis-3b-H), 6.22 (d, J=17.6 Hz, 1H, trans-3b-H),
7.79 (dd, J=17.6, 11.6 Hz, 1H, 3a-H), 8.20, 8.87, 10.08
(each s, each 1H, meso-H); IR (KBr) v: 3436 (N—H),
2924, 2854 (C—H), 1738, 1698 (C=0), 1622 (C=C),
1585 (chlorin skeleton), 1483, 1373, 1283, 1014, 912, 804
em 'y EI-MS m/z: 640.7 (M+H"). Anal. caled for
C3sH3oNgO4: C 71.23, H 5.66, N 13.12; found C 71.37, H
5.81, N 13.07.

3.10 MR AAIEEMERNE
3.10.1  AFMAE At RE S

IR S 1.4, 6~12 A1 14 NFFIL &Y, %
PEIG IR A3 71 B 259 Y6 82 (Photofrin) F1 H AL meso-
DU — NGy (mTHPC) A IR . K A5 IR i A0t
FE P 20938 15 711 2R S 20 B PR T PR /K I VRS FR.
3.10.2 M Z 7 EMTT b & 460 k)

£ 37 ‘Cy 5% CO,. ARG T, /NEAR S-180
SHARMGEERS IR T8 10 mL AR FR B (0-MEM, & 10%
WA IE, AR, HER ARSI k;
FEH. iR T A e ARG IR 96 FLANRES IR
o, BFLANIEE N 5X10° ANVAL. 37 ClEIRRE IR R
J& LA AN NAS [RIHR B (R YRR, A JF o 2k B 433l
910, 1, 0.1, 0.05 PL A2 0.01 pmoleL™", 7EREAL 37 CHk4k
THIRRETE 24 h. 7ESCALERAT AN & 29010 58 AR 7 2 B
Bl RE 3L, AR5 670~700 nm 6 & 540 A 20
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min, SOGHIEN 8.4 . HIAERALT 37 C4kEEIRES
7= 48 h. TEFEFREA AT 4 h, 73 MAERFLH A 10 pL 4.0
mg/mL ) 3-[2'-(4",5"- - F L IBEME) -2, 5- R I DU Mk A
YIMTT) BRI 4 h JE R B IR LA MTT, A
100 uL DMSO ¥ F 45 i FHBgAR 1 (Titertek Multi-
scan Plus MK II; Miles Inc.)Jll € % FLTE 560 nm [FJ %
g RS A =R, bRk R 2 35 {E (SEMs) /b T
10%, FRREERE 5 MEEFL. DIAIEEGHIAEE LR
FAE TR IR, DUOGBIGR) = SR s
W s FEE S B X e )R A P A5 3 25 S BRI 1Cs0
5. S5 HT B B AL AW 1Cso 1H W 1.

By A1 EL (Supporting Information)  FT A Bt & 411
1% WEFE AR S BOdE . IX LS RRE T B G 9 A T A
(http://sioc- journal.cn/)_E %,
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