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Transformation for Exocyclic Ring of Pheophorbide and Syn-
thesis of Chlorophyllous Degradation Derivatives
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Abstract From pheophorbide-a methyl ester, the substituted groups with aromatic ring, which can conjugated with chromo-
phore in different forms, were established at 3-, 12- and 20-position on the chlorin periphery by some classic reactions such as
1,3-dipolar cycloaddition, radical substitution and Wittig olefin-forming. The transformations in the exocyclic ring to other
chlorophyllous degradation structures were carried out making use of allomerization, condensation and rearrangement reac-
tions. A series of unreported new chlorins were synthesized and their chemical structures were characterized by elemental
analysis, UV, IR and "H NMR spectra. In the same time the chemical reaction process around the periphery, the conjugated
effect about the aromatic substitutes and the varying law about electronic spectra of the macrocyclic molecule were also dis-

cussed.
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DAME BRI 4R R-a HIBS(1, fRIFR MPa)yNida ikl 5
MR -2- FR S 5 28 N-JR AR R 3 IV i (NBSS) AR A g {1
B R AL S BT R I SE A I R AR 13- MR BA Al S
I, 4358t 65%[ 3-NHk g e REREIREUAC T MPa 2, S
BRIER—FET) RSEPE AR R, ARSI 2 137
A IR, DL 64% 7= R i S Bt SR R R4
3; CRTEBRME A N T A, ANy 2 A
CQ3)-fr F BA AR BRI 45518 4 (43%). MPa
(D FEMERE H KB ] [EI 908, [ AT DL SE UM IR B-
FAlG s, TR 4 -a HEE 5 (fAIFR
MPPa) 5 i AR AR 2R 90 CHiede, IR HLAE
20-meso i b RAETFEFHURR L, FE4H 40%H) 20-
XA MPPa 6. MRS RAEW 5 URAESEL
SRS, AR HE S, AMEIRER S Bk
AR NATE 13200 BT T 5 —BkEE, BL 39%HUK
AR 2007 BUAR I &My i 7 (Scheme 1).

EZRAFLET, 12-H B RENS T SR-a FEEE8)
TES AN KIS 55 28 =R IR B E ), I+
PEHIS B B E 5K MPPa 9 (67%), 1E 12-47 )i
FIH 5] HE TR X3 St 5H] &b & 7 H IR B
e S, TN R RE e 8 4 A A LT T i 45

¥, UL 50%09 72 2 T8 B bWy i 10, 7EBRIES%AF T
Ak s it 2 A, AFH] 46% 0 12-28 1 XUFEEUAR
LT R-18 11, fEREMA AR, oS Teah
B FF 24 R G, 725 58% I — ANy -es fiTAEM 12; i
PR ER MR PR e 0T FLIR T St e i, o e R LA B N-HUAR
RIS TR Z 13, 402K % 5 A bWy /i 10 765
A =8 ORISR S N, B TR 2IENIE
A T R I AR BRI SRR e (14, 18%)
CAAR, 5 B8 HEAMEEIR 1k AR S A EE R 2 SRRk 5
41 %25-18 15 (16%) (Scheme 2)!".

1 HR5R

1.1 ZSANG AR LSS EERSIARE R 5514
AL

AAE RIS =5 IR -k R BAT AT
PAEE B 1 1 2 T HUE, AFSRABIIRR) C(3)- L2k
SHPURAR) 13- BRI R T R 45 1 X ik
Bk, 78 300 BRI T B RIS R R ntk e B B —
SURNEMIESEN. LB 2 7E 6 7.16 AbH) = F AR
e 7 T 4t S Il Y S0 S W AR R 1 S DR N A% R AE

Reagent and conditions: (a) CsH:NCHNOH/NBS/TEA; (b) AcOH/110 ‘C; (c) KOH/MeOH/H,0; (d) Pyr/reflux; (e) (PhCO),0/PhCHs; (f) LIOH/

THF/MeOH.

B 1 SRR A 3-A0 A 20-02 5530 51N

Scheme 1 Aromatic ring introductions of chlorophyllous degradation products at 3- and 20-position
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Reagent and conditions: (a) PhsPCH.Br/NaOH; (b) LIOH/THF/MeOH; (c) KOH/NeOH/TEA; (d) Pyr/NH,OH; (¢) NaOMe/MeOH: (f)

Ph(NH,),/Pyr/TFA.

B 2 R MR S 12-G0 5 5T

Scheme 2 Exocyclic ring transformation and aromatic ring introduction at 12-position for chlorins

LJEEE 3a i b, AR T 3b A7 E R E TR A
TR, 3a-fr BEUR - BIIR B A EK R B b = 3 74 5.
FAl, G AR I R R W A S A s L
PR FH— X 22 W) SR AR B AL R, R )42 AR s HE A
nh oy 55 A A0 2R R G 1) s S22 AR BR € 1 B 7 T gk
ITHA. WA 8 1) 12-f7 H g JE 5 R 8 — R AR Ak 8%
) Wittig [z 55 HoAl A7 B RIS AR F, 45 5%
HEBEHA E-F Z-R P asd a0, Tass s —n E-
A=W, U ERAS R E RS ECN 15.8 He, B
PL, 12a-F1 12b-f7 B b B PN BT 5 L% AL T U8 1) N,
T 5 IR KRBT 12a-07 i 752 B & A0 10 PR
SRZL MR, KRS 5 KiRKiatesh 2 6 8.46
Ab, IRFNIRE R 5 20-meso- 1 5 ) 50 E FEAAH ).
20~ 1) FE Ay 5 i ey T H AR A meso-hi & 2 Bk
RIG S ERR— MR E M, &S EER e T
SRBEfE =R RN, 5 22 Fhog i B T
I L4 R A AE 20-meso-for 1. 555 B U S S AH
ABL, i B R A 28 e R R AR AE 2 LT R RO X3,
AR H 28OS 0T R P 5 e 2 R AN e 2 i Y 5 R HL
AR PR 2 UK, RIS A 2K LS MPPa 1 HUA I
ATk K AELE 20-meso-fr b, — HTHIGUE T KIFH
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L1 T 5O AR S ST T PR sz e, (] B R 36 1
20~ ¥ J&] 320 SE AR R B AE B R R EE LA meso-f7 BE
AR b AR B IS AT N 20 AN 2K
AU B, I MPPa 5 T8 Rl 5 5 e 4k A 1),
B — 2 A B R R 20-M AR TR 20-
Pk SR U 1 A R 4R - FIER 6. 5 MPPa [RIAZ R
ILPREGEM L, AW 6 1) 20-meso-IL T T 11 HL AR UK
SEOAIk, £ 0 7.76~8.63 JLHNTHILN 5 A=
5% B NE M EoR H 20-67_F3ER — AN BB I
X, M FIRIAN 6 8.63 1 B 345 NN EIEHIXNELH
5 E— PR S 05 R B AT BE 0 T R 2 B U FH I 9
W E A PR T
1.2 ZSAMIMEIRHISEEE IR S B FREmT L
43 25 8 ANy (1 O R R i R T B S
Brvi P& ) B B RAF SR, HaRdr
NZ'NZ v g BOA R 35 X R 3A 431 R 4R AT L FA Vi
X ] S 2] e s P R AVE L, Rl 2 A C-D B [l {41
FEIA 1) 45 A4 AT L5k 2 kb 52 M BT T R 1 B oK AT Dok
HI T K (Qy WD), AR A BR b5 FE S5 MR A, %
KI5 1 B b =] DL 6 3 BE 4% T2 1A 7] 11 HL 7 2%
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B BB S R-a FHNE S SR I ) 2 R A S
Figure 1 The radical substitution of methyl pyropheophorbide-a with benzoy peroxide

R, Bl E L TURTRAN 23 () B 500 i 2
I 5 T = A S I 52 MPPa 7 12-7 1 5] N 2K
XHEUUE, KIFPSLE0R 245 DU R e fdh, Ham KmT
TGS S B 12 nm 20 F2(MPPa I Qy 4 668
nm); FREMEIRIE S 347 2GSRI RS, BT TR
ANAGOSUEE, BT A2 BB S B R B Al S B AR AS e 58
FRIA AN LBIR R 5 55 A PR R, S E Qy )
Wi KT /MR #2(AQy =3 nm); 20-17 45 F Bt S L )
TE R R 1 1 o0 T iR T WG, BARZK AL
AP S R P AT A B REE A SR, HS5580T0
2-PL T 19-7 F 6 I A2 T AR 5k 1) 2 AL HE I, SRR B 5t
KIAHP AR MBRLEA, S8 T R n-fk R (1)
FLHIRR, A2 nm MMEIAE. LR L& 774
Pt LR, MBI S0 5 27 1R I R
WO BT 2 VDI SGBR, Bk ik 2R IR 11 L oc /M 23 1
13- B3R —A 5 17-0 7 b 6 350 S B ) — AN 4R
HEEE, BT ema s e —SmKT 13608
PRI AT A RAS, Rk, Bl 13207 3 LUS,
F R W IR RE LT RS T 2 nm. 13°-A37_E /MBS
TN E RN ZER, RELE MPPa 4%
PRI 5 ORI A 58 4 AT 1, it fooodh B
P ik 258 6T 418 30 57 - B o 4D R % 1) S M 2SO AT DA
Higmta T 17-60 R m B R 477 P, M4ME B3R
PRSI P R 3 A R e JE R A%, 13257 Tk S ) 24 AL T
X sp’ A sp’, BT EHABIR TH S sp” 244k,
FITTE B 5K D IR LN, 76— e FE 8 BARE T A EE
SR IO, Fin b 137207 e B i
FHEILHEAE A, A5 KI5 7 1 oK v W iR e &
ZLF% % 708 nm (9—10). 1LE4 10 RGBS AW A BT
AL TIPS PP 0 B K AT L6 IR ISAF A 3 AR K 1 22 57
TE NN -e6 12 1) Qy PRI LL AT SR 218 11 WA RIS K
B 43 nm, H 10 5K G IR K IR E S
27 nm; BIR=HFAE 13-F1 15-f0_EHGES HRIE, 5 Qy
(IR o7 B EAH 22 oz, AL R, B AN A
nhwy 12 sk OB R Re E RO, BT Rz AR
AR, 13-F0 15-07 b fMe H3E nT LA FTidE ()
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A e, A C=0 XA REIAL 5 KIMEFEE
n-m FEHE, DRI S T Ay € R ) T S AR R
13-A1 15-Ar BRI AT #E— 2B 3 R (10—12); 4%
F-18 M5r FORZEMIANE, FLAME 2 o 0 S B L [ o
TEARNL L B 15 KR Ak RIL R 2 A8 85, 5=
SNy i 9 FIAMEIRA L, AR 24T AR R r R 22 ik
AN—NEE T, BTULGR AR T AN 7k ) A NI,
/N T BRI n-BE S ORI TH BT RO R A, AT R
KT KA F n-tk R A A POE A RS HuE
MIREL 27, L Qy WU HF L BILAE 724 nm 4b(10—
11). &Ny 11 4k8E 5 SRR I 0 i I SR R T
M) B R AN IR G, FEIER Qy RSl — B kA4
F. 414518 5405518 W I h IS o AMER R
SRR JE AR, s R R AT LR K
6 nm %M EEFERA1—~13), 4MER ERE TR
WHRE TIE R ER AR L sp’ TR Z4tk, &R 7
P sp? B A 1 —ANTT AR 43 b 5 AR AL BRI 1) - B RS
i, WA AS 5 KRR Sk R, SR T, &
B AR T IR BRI ZE, N b B AR A
sp BB X IEBE BRI, S — AR sp’ HUETE
RO IHEF i, IS4 R T n-ftilt — D T
AT, FTCAEUE TR sp’ HUiE S 5ILE0 1 RE /) 5 5
(Bl 2 1 A HE).

ANy R 9 FIAMEEER R AT AT R S AR R
MR G R S gh AN EZ 9 14 F1 15, S5H TR,
Hf K] WIS K A KIEE SR T 30 F1 42
nm. JCIRJE IR IR IF A BRI SRR Y s A IRk
FEIR IR AME AT R 18 KIS TCIAREF, #RKTH R
J& T ANy KIA A HIA R, [FR, BT SRR AR
RN BT TR Bz A 7 FH A R 32 v 7 DO ik g 437
AR R I, BRI Qy RIS T SR ZL 2L RS

2 #ig

I A A B 13- IR W R Wittig
FRO AN 2 RS R AL RN, SEATHE NN
[ A1 20-meso-fir T 2 Fs 55 2L 141, A AMEIA
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B2 SRR AN IR R H R AT G R S

Figure 2 Transformation for exocyclic ring of pheophorbide and their Qy peak mximums

—OBHALTE R T FA I SRR MR AR AR A BT
K1 fE -5 (LT A R SR BN 1R 35 5 HUAGEE [, T Ak
e ANy T EPERORBEIA I n- AR R, T AMEIA
) G5 A4 A AU K3 737 1) R DI 1 7 A B S P R
FRAE—EREFE BT ASCAE 1 ORFA 231 AL 27 B B R
PRI, R FH A 45 58 S M R I 3R B A P D R S M A
e, FEIRAOH R 4% 2R RN AT AE I ROT I

3 SEEEy
3.1 UES5HF

TLE ST Perkin-Elmer 2400 % 765 B AU 5E;
IR H] Perkin-Elmer 1730 R£T #0356 B 3G %€ (KBr J&
F); UV-Vis H UV-160A B4y e e i, 'H
NMR | Brucker ARX-400 FAZREFLIRACI &, WAR N
TMS. FT A W i sl b 22 26, DR VLTI, 4
R SRR -a HER()FI AR LB 22 iR -2 FHER(S) 73 li%
SCHR[7, 10]8) 655 12-28 0 F AR IR B 21 R -a (8) 4% SCHR
(9] £ .
32 3-[5-(RS)-(3-(2"-M g & )-45-Z 5 F IE
B)-3-K 2GR B SENM 4R ER-a FRER(2)MIE AL

# 107 mg (0.464 mmol) NBS &% T 2 mL T/& &
e, — AP 105 mg 2-MEBEES A5, 20 min J5iR1L
59, NN 89 mg MPa (1, 0.147 mmol), #5584
i), FHEARAE 2 mL SR 102 mg =& T 15
min PN RN IR, ZARY, SiRHEERN 12 h s
A 15 mL & HFHEAT 25 mL 7K, /K2R SR BEAEEL
(15 mLX3), &3 AHPARFFKEE, FHIEKRBRETE5
RS, FRMEEENT B BEMA: V onew
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Vieen=1"13], 1369 mg sBEA[EA 2 (0.095 mmol), 7=
F 65%. m.p. 236 ~239 C; UV-vis (CH,CL) Amax
[¢/(Lemol 'scm 1)]: 410 (1.03 X 10%), 471 (5.15 X 10%), 505
(1.03X10%, 536 (9.27X10%), 608 (8.24%X10%), 666
(5.46<X10% nm; '"H NMR (CDCl;) 6: —1.76 (br s, 1H,
NH), 0.36 (br s, 1H, NH), 1.61 (t, J=7.6 Hz, 3H, 8a-CH;),
1.82 (d, J=7.2 Hz, 3H, 18-CH;), 2.20~2.37 (m, 2H,
17a+17b-H), 2.47~2.69 (m, 2H, 17a+17b-H), 3.54 (q,
J=17.6 Hz, 3H, 8b-H), 2.97, 3.42, 3.57, 3.66, 3.89 (each s,
3H, CH;+ OCH,), 4.17~4.25 (m 2H, 18-H+ 4-H),
4.42~4.52 (m, 1H, 17-H+4"-H), 6.27 (s, 1H, 13*-H), 7.16
(t, J=10.9 Hz, 1H, 5'-H), 7.37 (t, J=4.8 Hz, 1H, Py-H),
7.87 (t, J=7.8 Hz, 1H, Py-H), 8.37 (d, J=7.8 Hz, 1H,
Py-H), 8.64 (d, J=4.8 Hz, 1H, Py-H), 8.60, 9.34 (9.33),
9.45 (9.44) (each s, each 1H, meso-H); IR (KBr) v: 3476
(N—H), 2927, 2854 (C—H), 1741, 1700, 1685 (C=0),
1633 (C=C), 1556 (chlorin skeleton), 1464, 1355, 1261,
1101, 806 cm '. Anal. caled for C/oHpoNgOg C 69.41, H
5.82, N 11.56; found C 69.33, H 5.76, N 11.79.
33  3-[5-(RS)-(3-(2"-MLuE &K )-4'5-— 5 F & me
H))-3-K 2 HE ER M 3R -a BB (3)M A AL

# 169 mg 2 (0.233 mmol)iAfET 30 mL Z &,
1OCHFE B 4 h, WHISMA 150 mL #K7/KF1 80 mL
MR, KEH SR EAER(25 mLX3), &AL
AHFFIKGE, FTCKBREREN T8 5 W 46, FIRDEAEZEHT
B V mem o Vieer=1 1 3115 100 mg S 4% (0[]
& 3 (0.149 mmol), 7= 64%. m.p. 228~230 C; UV-vis
(CH5CL) Amax [e/(Lemol 'ecm™)]: 410 (9.88X10%, 506
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(9.88X10%), 536 (8.89X10%), 608 (6.92X10%), 666
(5.04X10% nm; '"H NMR (CDCly) 8: —1.57 (br s, 1H,
NH), 0.36 (br s, 1H, NH), 1.61 (t, J=7.6 Hz, 3H, 8a-CHs),
1.82 (d, J=7.2 Hz, 3H, 18-CH;), 2.20~2.37 (m, 2H,
17a+17b-H), 2.47~2.69 (m, 2H, 17a+ 17b-H), 3.00,
3.53,3.62, 3.83 (each s, 3H, CH;+OCH,), 3.54 (q, J=7.6
Hz, 2H, 8a-CH,), 4.11~4.25 (m, 2H, 18-H+4'-H), 4.42~
452 (m, 2H, 17-H+4"-H), 4.99 (d, J=20.0 Hz, 1H,
13%H), 5.28 (d, J=20.0 Hz, 1H, 13*-H), 7.14 (t, J=11.0
Hz, 1H, 5-H), 7.34 (t, J=4.8 Hz, 1H, Py-H), 7.86 (t, J=
7.8 Hz, 1H, Py-H), 8.37 (d, J=7.8 Hz, 1H, Py-H), 8.61 (d,
J=4.8 Hz, 1H, Py-H), 8.54, 9.29, 9.39 (each s, each 1H,
meso-H); IR (KBr) v: 3441 (N—H), 2964 (C—H), 1741,
1733, 1689 (C=0), 1654 (C=C), 1560 (chlorin skeleton),
1432, 1253, 1169, 1083, 944 cm . Anal. caled for
C4H4NgO4 C 71.84, H 6.03, N 12.57; found C 71.90, H
6.19, N 12.69.
34 3[5-(RS-(3-2"-Mtig & )45-— S FIEm
B)-3-RHETER-18 BEs(4)IERK

¥ 98 mg A& 3 (0.147 mmol) AR T 30 mL A%
LBV AN H A R, EIRJF OERE S h, WM RE
pH 215 2~3, I 40 mL /KJ5, F =& W GRE(15
mL X3 ), EIHEHIZIHKEE, HIKRERAT I, ik
BRRVER, KRRV FAEET 15 mL L8RH, SEGHE
SN 12 hy JEBRRE A, FIRYAH 10 mL &R
fi 5 U o R R AL, IR 4 S R RE IR AR E AT o B [k
BEF: Vo 0V ozwew=3 1 1], 13 44 mg 2 AfEK 4
(0.063 mmol), F“# 43%. m.p. 205~207 C; UV-vis
(CH,Cly) Amax [e/(Lemol 'ecm™)]: 410 (1.17 X10°), 474
(3.51X10%, 504 (5.85X10%, 542 (1.76X10%, 638
(7.02X10%), 698 (3.86>X10% nm; '"H NMR (CDCl;) ¢:
—0.02 (br s, 1H, NH), 0.23 (br s, 1H, NH), —1.61 (t, J=
7.6 Hz, 3H, 8b-CHj), 1.75 (d, J=7.2 Hz, 3H, 18-CH,),
1.94~2.03 (m, 1H, 17a+17b-H), 2.42~2.48 (m, 2H,
17a+17b-H), 2.73~2.78 (m, 1H, 17a+17b-H), 3.55 (q,
J=6.9 Hz, 2H, 8a-H), 2.98, 3.40, 3.37, 3.60 (each s, cach
3H, OCH;+CHs), 4.28~4.32 (m, 2H, 4'-H), 4.41 (q, J=
7.2 Hz, 1H, 18-H), 5.20 (d, J=8.3 Hz, 1H,17-H), 7.04~
7.10 (m, 1H, 5'-H),), 7.41~7.90 (m, 2H, Py-H), 8.37~
8.66 (m, 2H, Py-H), 8.61, 9.41, 9.54 (each s, each 1H, me-
so-H); IR (KBr) v: 3449 (N—H), 2928 (C—H), 1740,
1701 (C=0), 1654 (C=C), 1560 (chlorin skeleton), 1458,
1401, 1073, 670 cm '. Anal. caled for CsH;sNgOgs C
68.75, H 5.48, N 12.03; found C 68.60, H 5.67, N 12.19.
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3.5 20-F B S EEMREMLRER-a BEE6)MERK

# 50 mg MPPa 5 (0.091 mmol)i&f# T 10 mL #th,
A 20 mg i AL ZE FFEBE(0.112 mmol), 90 CHitHE /M
4h. %A 20 mL /K5 20 mL — 5 ke, KEH &
FGEREEN (25 mL X3 ), &IFANUAEIREKEE, F KRR
BT AR G R R 4, R AR 48 R JE B 4 B [ A
Vozwew - Vear=1 ' 3], 13 24 mg KA AEE 6 (0.037
mmol), *#% 40%. m.p. 189~192 C. UV-vis (CH,CL)
Amax [€/(Lemol 'ecm™)]: 413 (1.23 X 10%), 513 (7.38 X 10%),
545 (1.35X10%), 611 (7.38X10%), 670 (5.17% 10°) nm; 'H
NMR (CDCls) 6: —2.20 (br s, 1H, NH), 0.45 (br s, 1H,
NH), 1.72 (t, J=7.6 Hz, 3H, 8-CH3), 1.70 (d, J=7.1 Hz,
3H, 18-CH3), 1.81~1.90 (m, 1H, 17a-+17b-H), 2.27~
238 (m, 2H, 17a+17b-H), 2.45~2.57 (m, 1H, 17a+
17b-H), 3.73 (q, J=7.6 Hz, 2H, 8a-H), 3.27, 3.28, 3.46,
3.71 (each s, each 3H, OCH;+CH3), 4.25 (q, J=7.3 Hz,
1H, 18-H), 4.28 (d, J=8.0 Hz, 1H, 17-H), 5.20 (d, J=19.9
Hz, 1H, 13%-H), 5.31 (d, J=19.9 Hz, 1H, 13%-H), 6.16 (dd,
J=17.8, 1.5 Hz, 1H, trans-3b-H), 6.21 (dd, J=11.7, 1.5
Hz, 1H, cis-3b-H), 7.92 (dd, J=17.8, 11.5 Hz, 1H, 3a-H),
7.76 (t, J=7.9 Hz, 2H, ArH), 7.87 (t, J=7.9 Hz, 1H,
ArH), 8.63 (dd, J=8.3, 6.2 Hz, 2H, ArH), 9.57, 9.58 (each
s, each 1H, meso-H); IR (KBr) v: 3434 (N—H), 2858 (C—
H), 1739, 1689 (C=0), 1623 (C=C), 1562 (chlorin skel-
eton), 1460, 1343, 1218, 1160, 1027, 905 cm '. Anal.
caled for C4H4N4Os C 73.63, H 6.03, N 8.38; found C
73.56, H 6.20, N 8.21.

3.6 20-XFEBER-1F-FREREMEIE-a BE(T)
:r=yn

HY 43 mg A NMY) 6 (0.064 mmol)%f#T 10 mL Y
AkmE, i 0.225 g LIOHGAEMT 4 mL /K, 8
mL MeOH FRe) R4, S E R 2+ 6 h,
EE N AcOH = IME(pH=3), J&J5 A 10 mL —
SHFEF 30 mL K, KEH ZEHEEAER(15 mLX3),
GIFANZ, HTKRERA TR, WEZET, FH S mL
TR BRI B EEAFRE 2 min 5, H
AcOH PR, i 20 mL /K, 2 HEHE, KZEH
TRFERER(S mLX3), EIFENZE, KEMWIK, H
ToRBRER AT, WURIRAE, TRV ARERAEE T 70 5
[OESEFA): Vowe oV ww=20 0 1], 3 17 mg EEEA 7
(0.025 mmol), F=Z 39%. m.p. 207~209 C; UV-vis
(CH5CL) Amax [e/(Lemol 'scm™)]: 392 (9.59X10%), 413
(1.09X10%), 515 (1.42X10%, 628 (5.45%X10%, 680
(5.12X10% nm; 'H NMR (CDCl;) 6: —0.75 (br s, 1H,
NH), —0.08 (brs, 1H, NH), 1.68 (1.66) (t, J=7.6 Hz, 3H,
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8-CH;), 1.72 (1.29) (d, J=7.0 Hz, 3H, 18-CH;), 2.01~
2.09 (m, 1H, 17a-+17b-H), 2.35~2.54 (m, 2H, 17a-+
17b-H), 2.73~2.80 (m, 1H, 17a-+17b-H), 3.80 (3.73),
3.42 (3.60), 3.18 (3.16), 3.14 (each s, each 3H, CH;+
OCH;), 3.56 (3.64) (q, J=7.6 Hz, 2H, 8a-H), 4.14 (4.74)
(q, J=7.1 Hz, 1H, 18-H), 5.62 (5.45) (d, J/=38.2 Hz, 1H,
17-H), 6.15 (6.13) (d, J=17.9 Hz, 1H, trans-3b-H), 6.22
(6.21) (d, J=11.5 Hz, 1H, cis-3b-H), 7.52~7.80 (m, 3H,
ArH), 7.87 (dd, J=17.9, 11.4 Hz, 1H, 3a-H), 8.61 (8.59)
(d, J=17.5 Hz, 1H, ArH), 9.64 (9.59), 9.54 (9.50) (each s,
each 1H, meso-H); IR (KBr) v: 3446 (N—H), 2956, 2927
(C—H), 1731, 1701 (C=0), 1623 (C=C), 1560 (chlorin
skeleton), 1463, 1374, 1232, 1170, 1033, 914 cm™'. Anal.
calcd for C4H33sN,O¢ C 72.12, H 5.61, N 8.21; found C
72.16, H 5.40, N 8.36;

3.6 12(E)-12-F L FHEERFEMRR-a BEEOQ)NE
In4

156 mg — NNy g 8 (0.277 mmol )4 fiET 10 mL
TEHE R, BEEET I 80 mg JRALHEE = IR,
IINEMRT 3 mL /K 10 mg SEALAN AR, R,
DB FE B 40 min, B 20 mL /K, A &CH G
FH(15 mLX3), GIFANPAH, HICKREREN T,
JEZBRIER, FRMEEERAEZH WA Vows
V=10 : 1], 13 118 mg # A7=4 9 (0.186 mmol), 7=
67%. m.p. 211~213 C; UV-vis (CHyCly) Amax [&/(Le
mol 'eem D] 410 (1.06X10%), 510 (9.54X10%), 542
(9.54X10%), 663 (9.12X10%, 680 (3.92X10% nm;
'"HNMR (CDCly) 6: —1.09 (br s, 1H, NH), 0.82 (br s, 1H,
NH), 1.67 (t, J=7.6 Hz, 3H, 8-CH3), 1.81 (d, J=7.3 Hz,
3H, 18-CH3), 2.25~2.36 (m, 2H, 17a+17b-H), 2.62~
2.73 (m, 1H, 17a+17b-H), 2.51~2.61 (m, 1H, 17a+
17b-H), 3.64 (q, J=7.6 Hz, 2H, 8a-H), 3.17, 3.34, 3.63
(each s, each 3H, OCH3+CHs), 4.23 (dd, J=11.8, 6.3 Hz,
1H, 17-H), 4.41 (q, J=7.3 Hz, 1H, 18-H), 5.09 (d, J=19.7
Hz, 1H, 13*-H), 5.24 (d, J=19.7 Hz, 1H, 13*-H), 6.14 (dd,
J=11.5, 1.0 Hz, 1H, cis-3b-H), 6.25 (dd, J=17.9, 1.0 Hz,
1H, trans-3b-H), 7.42 (t, J=7.3 Hz, 1H, ArH), 7.55 (t, J=
7.5 Hz, 2H, ArH), 7.91 (dd, J=17.9, 11.5 Hz, 1H, 3a-H),
7.98 (d, J=7.5 Hz, 2H, ArH), 8.46 (d, J=15.8 Hz, 1H,
12b-H), 9.10 (d, J=15.8 Hz, 1H, 12a-H), 8.41, 9.19, 9.45
(each s, each 1H, meso-H); IR (KBr) v: 3505 (N—H), 2964
(C—H), 1731~1696 (C=0), 1608 (C=C), 1545 (chlorin
skeleton), 1409, 1256, 1178, 1070, 907 cm™'. Anal. calcd
for C41H4N,O5 C 77.33, H 6.33, N 8.80; found C 77.50, H
6.45,N 8.97.
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3.7 12(E)-12-% T B E-13%-F R Bt M35 -a FR RS
(10)H9& K

A& 6 L&Y 9 BAL, H&stam 7 m
HRE I AEAA 10, 2% 50%; mp. 224~226 C,
UV-vis (CHyCl) Amax [¢/(Lemol 'ecm™]: 364 (1.27X
10%), 447 (1.69X10%), 533 (2.87 X 10%, 648 (1.86X10°),
708 (1.61X10%); 'H NMR (CDCls) 6: —2.42 (br s, 1H,
NH), —0.65 (br s, 1H, NH), 1.30 (t, J=7.6 Hz, 3H,
8-CHj3), 2.03 (d, J=7.2 Hz, 3H, 18-CH;), 2.26~2.38 (m,
1H, 17a+ 17b-H), 2.47~2.54 (m, 1H, 17a+ 17b-H),
2.77~3.05 (m, 2H, 17a+17b-H), 3.00, 3.19, 3.67 (each s,
each 3H, CH;+OCH,), 3.12 (q, J=7.6 Hz, 2H, 8a-H),
4.62 (q, J=7.2 Hz, 1H, 18-H), 5.11 (d, J=8.8 Hz, 1H,
17-H), 6.04 (d, J=11.6 Hz, cis-3b-H), 6.11 (d, J=17.6
Hz, trans-3b-H), 6.85 (d, J=16.0 Hz, 1H, 12b-H), 7.38~
7.57 (m, 5H, PhH), 7.66 (dd, J=17.6, 11.6 Hz, 1H, 3a-H),
8.15 (d, J=16.0 Hz, 1H, 12a-H), 8.09, 8.73, 9.20 (each s,
each 1H, meso-H); IR (KBr) v: 3454 (N—H), 2925 (C—
H), 1730, 1708 (C=0), 1618 (C=C), 1461 (chlorin skel-
eton), 1448, 1380, 1253, 1172, 1083, 1010, 800, 729 cm .
Anal. calcd for C4H33N,O,4 C 75.67, H 5.89, N 8.61; found
C 75.56, H 6.00, N 8.81;
3.8 12(E)-FILHAELILER-18 BAER(11)MERK

% 117 mg 1A% 10 (0.180 mmol)i&f# T 10 mL H
FEr ) BN 4 mL = Z 88 80 mg WF4H KOH 3,
35 CIFHHFE 5 h, JHFRSIEA, KRRV AT
10 mL Z.F&, ZiRHHE 6 h, MBS HEHEIN 150 g i
UKH, SRIEINN 20 mL &b, /K)EH = SRR
(20 mLX3), &FHEHZE, KEFIR, FAICKRERWT
W, R PR B AT 5 mL Sk,
N & B U b AL, ERE 3 min 5 H SRR R
B, WRAE, Rl RV AT EAT B Vo DV am=
10 : 1) B RMIREY), 14 55 mg ZLEEK 11 (0.083
mmol), =% 46%. m.p. 202~205 “C; UV-vis (CH,Cl,)
Amax [€/(Lemol 'ecm™")]: 366 (5.93 X 10%), 419 (1.06 X 10°),
524 (9.54X10%), 561 (1.48 X 10%), 724 (4.24% 10" nm; 'H
NMR (CDCls) 6: 0.24 (br s, 1H, NH), 0.35 (br s, 1H, NH),
1.50 (t, J=7.6 Hz, 3H, 8-CH;), 1.76 (d, J=6.8 Hz, 3H,
18-CH3), 1.94~2.02 (m, 1H, 17a+17b-H), 2.47 (d, J=
12.2 Hz, 1H, 17a+17b-H), 2.53 (d, J=10.2 Hz, 1H,
17a+ 17b-H), 2.74~2.85 (m, 1H, 17a+ 17b-H), 3.05,
3.24, 3.63 (each s, each 3H, CH;+OCH;), 3.35 (q, J=7.6
Hz, 2H, 8a-H), 4.34 (q, J=7.6 Hz, 1H, 18-H), 5.17 (d, J=
9.2 Hz, 1H, 17-H), 6.15 (d, J=11.2 Hz, cis-3b-H), 6.26 (d,
J=17.6 Hz, trans-3b-H), 7.45 (t, J=7.0 Hz, 1H, ArH),
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7.53 (t, J=7.0 Hz, 2H, ArH), 7.65~7.73 (m, 3H, 12b-H+
ArH), 7.80 (dd, J=17.6, 11.2 Hz, 1H, 3a-H), 8.26 (dd, J=
16.0, 1.0 Hz, 12a-H), 8.44, 9.15, 9.16 (each s, each 1H,
meso-H); IR (KBr) v: 3450 (N—H), 2925, 2860 (C—H),
1743, 1708 (C=0), 1604 (C=C), 1531 (chlorin skeleton),
1400, 1311, 1134, 902, 707 cm”'. Anal. caled for CyqHjs-
N,Os C 73.85, H 5.74, N 8.40; found C 73.98, H 5.60, N
8.59.
3.9 12(E)-12-%TERE=SAMNGS-e® = BES(12) 1A K

¥ 128 mg PN —Fd 10 (0.197 mmol) & fiF T &
H 15 mg SR TREEE T, EIRBZUEFER S 6 h;
BN 25 mL & A 40 mL K432, A YU
K20 mL X 3), ¥ [ BRI SE 2 3 mL, IIANGE & E
B E AL, FEHE 3 min 5 F QBREEK N, We4E, T
RUEBRAEENT BT Vo owew oV wen=4 1 1115
F| 82 mg A tafl{A 12 (0.114 mmol), F*% 58%. m.p.
207~209 °C; UV-vis (CH,Cly) Amax [¢/(Lemol 'ecm™")]:
411 (9.79X10%, 507 (8.81X10%), 539 (6.85X10%), 627
(7.83X10%), 681 (3.82X10% nm; 'H NMR (400 Hz,
CDCl;) 6: —0.37 (br s, 1H, NH), —0.33 (br s, 1H, NH),
1.62 (t, J=7.5 Hz, 3H, 18-CH3), 1.86 (d, J=7.2 Hz, 3H,
8-CHj), 1.78~1.90 (m, 1H, 17a+17b-H), 2.05~2.24 (m,
2H, 17a+17b-H), 2.32~2.40 (m, 1H, 17a+17b-H), 3.13,
3.32,3.53,4.16, 4.21 (each s, each 3H, CH;+OCHj3), 3.55
(q, J=17.5 Hz, 2H, 8a-H), 4.34 (q, J=7.2 Hz, 1H, 18-H),
5.17 (d, 1H, J=8.4 Hz, 1H, 17-H), 6.07 (d, /=10.8 Hz,
1H, cis-3b-H), 6.24 (d, J=17.6 Hz, 1H, trans-3b-H), 7.36
(d, J=16.4 Hz, 1H, 12b-H), 7.42~7.53 (m, 3H, ArH),
7.81~7.88 (m, 3H, 3a-H+ArH), 8.64 (d, J=16.4 Hz, 1H,
12a-H), 8.53, 9.26, 9.77 (each s, each 1H, meso-H); IR
(KBr) v: 3324 (N—H), 2925 (C—H), 1739, 1719 (C=0),
1602 (C=C), 1500 (chlorin skeleton), 1451, 1263, 1089,
1041, 902, 700 cm ™. Anal. calced for C43sHyN,O4 C 72.45,
H 6.22, N 7.86; found C 72.60, H 6.31, N 7.90.
3.9 12(E)-N-FREE-12-F T RAELLEER-18 BT
FRER(13)B9A R

105 mg L5 EK-18 HIEE 11 (0.157 mmol)i% i T
15 mL MEmE, FfEa g inN i & 1 B R4 (390 mg),
il FHFERON 5 h, o5 1A ROBAAR RN 6 mL KRR
F1200 mL 7K, $8JEH & FEEER(100 mLX3), &5
A HUAHFFKBERRER, U B 71 5 BRNAMRAE 10 mL
TEF R, M B 1) B E S T OB, RIE
3 min, JREZEBRIEN], FlRYEE R ENT R ITH:
Vg View=20 > 1], 1583 mg ZL 47413 (0.120 mmol)
FEEN 76%. mp. 215~218 C; UV-vis (CHCI;) Amax
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[e/(Lemol 'scm™)]: 370 (8.46 X 10%), 432 (1.18 X 10%), 518
(5.91X10%, 564 (3.06X10%, 657 (8.26%X10%, 730
(6.61X10% nm; 'H NMR (CDCl;) d: 0.47 (br s, 1H, NH),
0.53 (br s, 1H, NH), 1.55 (t, J=7.6 Hz, 3H, 8-CH,), 1.73
(d, J=7.3 Hz, 3H, 18-CH;), 1.90~2.01 (m, 1H, 17a-+
17b-H), 2.43~2.58 (m, 2H, 17a+17b-H), 2.80~2.87 (m,
1H, 17a+17b-H), 3.02, 3.26, 3.60, 4.36 (each s, each 3H,
CH;+OCHs;), 3.38 (q, J=7.6 Hz, 2H, 8a-H), 4.31 (q, J=
7.4 Hz, 1H, 18-H), 5.25 (dd, J=9.6, 2.2 Hz, 1H, 17-H),
6.12 (d, J=11.5 Hz, cis-3b-H), 6.22 (d, J=17.5 Hz,
trans-3b-H), 7.44 (t, J=7.3 Hz, 1H, ArH), 7.53 (t, J=7.3
Hz, 2H, ArH), 7.78 (dd, J=17.8, 11.5 Hz, 1H, 3a-H), 7.72
(d, J=16.5 Hz, 12b-H), 7.81 (t, J=7.3 Hz, 2H, ArH), 8.68
(d, J/=16.5 Hz, 1H, 12a-H), 9.42, 9.32, 8.42 (each s, each
1H, meso-H); IR (KBr) v: 3458 (O—H), 2856 (C—H),
1737, 1704 (C=0), 1616 (C=C), 1571 (chlorin skeleton),
1481, 1438, 1265, 1081, 1022 cm™'; EI-MS m/z: 696.2
(MH"). Anal. caled for C4H4,NsOs C 72.50, H 5.94, N
10.07; found C 72.39, H 5.88, N 9.98.

3.10 12(E)-12-% I B E-(2,3-n)-HENEMEH £ it $5 47
fig-a BAER(14)F0 12(E)-12-F W B E-(2,3-n)-F= FBEREH
414 %-18 BE5(15)M & R

#4127 mg LAY 10 (0.195 mmol) % fi# T 20 mL R
BEH, MO 0.05 mL =3 L2 2 mL ZFRFI 60 mg 407K
ZJ#(0.555 mmol), =R 6 h, JEFRMELE, [ HT
13BN AE YK A & e )2, A =& A HOK
M, &IFANZEIFKE, THRE RO, R ENT
SEBIFR: V awm © Veomen=3 1 1], 15225 mg 5 (0[]
& 14 (0.035 mmol, 18%)A1 23 mg ¥ A4 15 (0.031
mmol, 16%).

14: mp. 208 ~ 211 C; UV-vis (CHCly) Apax
[e/(Lemol "scm ™ ")]: 306 (6.94 X 10%), 446 (1.31X10°), 604
(1.18X10%, 682 (2.10X10%, 738 (6.71X10% nm; 'H
NMR (CDCls) 6: —0.69 (br s, 1H, NH), 0.45 (br s, 1H,
NH), 1.54 (t, J=7.6 Hz, 3H, 8-CH3), 1.96 (d, J=6.8 Hz,
3H, 18-CH3), 2.25~2.35 (m, 2H, 17a-+17b-H), 2.44~
2.55 (m, 1H, 17a+17b-H), 2.72~2.83 (m, 1H, 17a+
17b-H), 2.89, 3.19, 3.61 (each s, each 3H, CH;+OCH;),
3.39 (q, J=7.6 Hz, 2H, 8a-H), 4.41 (q, J=7.2 Hz, 1H,
18-H), 5.04 (d, J=8.4 Hz, 1H, 17-H), 6.11 (d, J=11.6 Hz,
cis-3b-H), 6.21 (d, J=18.0 Hz, trans-3b-H), 7.38~7.42
(m, 1H, ArH), 7.45~7.55 (m, 4H, ArH), 7.69 (d, J=15.4
Hz, 1H, 12b-H), 7.66~7.81 (m, 3H, 12b-H+ArH), 7.85
(dd, J=18.0, 11.6 Hz, 1H, 3a-H), 7.95 (d, J=7.2 Hz, 1H,
ArH), 8.73 (d, J=15.4 Hz, 1H, 12a-H), 8.29, 8.83, 9.10
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(each s, each 1H, meso-H); IR (KBr) v: 3458 (N—H),
2918, 2850 (C—H), 1733, 1704 (C=0), 1623 (C=C),
1558 (chlorin skeleton), 1465, 1170. 1041, 918, 736 cm ™.
Anal. caled for C4H4NgO, C 78.09, H 5.86, N 11.63;
found C 78.17, H 5.77, N 11.88.

15: mp. 216 ~ 219 C; UV-vis (CHCly) Apax
[¢/(Lemol 'scm™)]: 356 (4.17 X 10%), 441 (9.92X10%), 570
(1.98%10%, 687 (1.19X10%, 750 (4.76X10% nm; 'H
NMR (CDCl3) d: 0.27 (br s, 1H, NH), 0.42 (br s, 1H, NH),
1.57 (t, J=17.6 Hz, 3H, 8-CHj3), 1.80 (d, J/=7.2 Hz, 3H,
18-CH3), 2.17~2.35 (m, 1H, 17a+17b-H), 2.40~2.54
(m, 2H, 17a+17b-H), 2.73~2.85 (m, 1H, 17a+17b-H),
2.97, 3.27, 3.61 (each s, each 3H, CH;+OCH;), 3.41 (q,
J=17.6 Hz, 2H, 8a-H), 4.32 (q, J=7.2 Hz, 1H, 18-H), 5.41
(d, J=8.8 Hz, 1H, 17-H), 6.13 (d, J=11.2 Hz, cis-3b-H),
6.27 (d, J=17.2 Hz, trans-3b-H), 7.43~7.60 (m, 3H,
ArH), 7.74~7.95 (m, 5H, 3a-H+ArH), 8.03 (d, J=15.2
Hz, 1H, 12b-H), 8.13~8.22 (m, 2H, ArH), 8.63 (d, J=
15.2 Hz, 1H, 12a-H), 8.72~8.76 (m, 1H, ArH), 8.46, 9.16,
9.44 (each s, each 1H, meso-H); IR (KBr) v: 3448 (N—
H), 2926 (C—H), 1739, 1690 (C=0), 1655 (C=C), 1551
(chlorin skeleton), 1080, 780 cm ~'. Anal. caled for
C47H4oNgO5 C 76.40, H 5.73, N 11.37; found C 76.27, H
5.77,N 11.28.

BB (Supporting Information) 1L&4) 2~15 [
'H NMR % #4324 kb n] DL G i AN A T ) 32l
(http://sioc-journal.cn/) I N %K.
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