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WE U meso- BT S¢1R-a HINE A A0 J50RE, R FH L 200wy RER_E (R 3E 1k S X 3, 28 AN [ PR 558 R R JEA T
RIS SN, 53 BITE 20-meso-fi L3EFEPEME | HE T &0, W OFIGEEE, Wd  S A RIS AR &5 s N, X LG B-FRSE
WY SRE, HARAMER EIE T AR S B, 58T 13 DR IRIE -4 32 28 —Enb AT S, HAk
SELERIIZE UV-Vis, IR, 'H NMR K JCE DT LUESE, RIS T meso-FE M-S 15-a 4027 I N LI AR B 11
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Reaction of meso-Pyropheophorbide-a and Synthesis of
Chlorophyllous Chlorin Derivatives

Xu, Xisen” Liu, Yang® Yin, Jungang” Qi, Caixia” Wang, Jinjun®**
(“ College of Chemistry and Chemical Engineering, Yantai University, Yantai 264005)
andong Applied Research Centre of Gold Nanotechnology (Au- , Yantai
(® Shandong Applied R h Ce Gold N hnology (Au-SDARC), Yc 264005)

Yao, Nannan”

Abstract meso-Pyropheophorbide-a methyl ester was used as a starting material, and the halogenation and nitration were
carried out with different electrophilic reagents making use of active regions in chlorin macrocycle selectively to introduce
chlorine, bromine, iodine and nitryl group at 20-meso-position, respectively. The reconstructions for five-membered exocyclic
E-ring by allomerization and aminolysis were completed to fuse different azo-heterocycle with the exocyclic ring. The synthe-
sis of 13 unreported chlorins related to chlorophyll was accomplished and their chemical structures were characterized by ele-
mental analysis, UV-Vis, IR and "H NMR spectra. The reaction mechanisms of meso-pyropheophorbide-a and corresponding

spectral properties were discussed.

Keywords chlorophyll-a; chlorin; meso-pyropheophorbide; chemical reaction; synthesis

meso-FE BT Sk TR -a (1, meso-MPPa) & KR A7 1H
MR A S 2T TSR BT SR A ST, PR SR e
(Chl-a) [ Betk BEAR =4, meso-MPPa [1) 317 B AR AL
O NI E bR A, dE— PR T ZEnb gy
I B 2E RN X3k, [F) S DU itk s KR 237 R 6
BRI AP AR I W T AN R FE () 5 e e D6 8)) 0 va
JT (photodynamic therapy, f&#% PDT)Hui 2901 & At
G, meso-FENBE 2R 1R -a FH G S JULAT A — H v A3 AH
BN E P M R Rk R (QSAR)IF ST R
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HMEIR I A5 R i e o B AR PDT 2541 S 40 1
1/];[4~7].

-G 2% B AR P A 1 S X BB R B A A AE NN
1) P 3 (3~ 32, £ R AME IR ) R eR ) () 20-meso-fir I,
1M meso-FE BT 28122 F G AL A ME BOUAA B ME IR
[RI2E L DX IR 20-meso-fr (2 LA . A 3-f14
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I S5 PR 2K v DAAT 25 4 1Ry m-MPPa 714K 2% SN ) X
BOEREME, (2 H Fr ok, 0T RGN RN EFTE]
WEAZ. N TIRAWFR 2% 2528 b )
PR, A R 22 BAT N FH ¢ DY itk s Kb A 4,
ARSCIEFRTIARORF ST TAED 0 LL meso-FE B4 -
a PR LR SOk, AN AL 2 1 2 Pk 22 ROV, 7
LAy A B (P AH N A AT R RE A S I ARG
B, 58T — RV AT 2 R AL & AT
WA R, AR B OSBRI T A
EEY.

meso-FE B SR IR -a FHER(1) L5 I AL S/ R IR 13
TR R N, DAFRAR I =225 th 20-50 &3 (2)
(67%); MEFFE N-JACT LW (NBS) A1 4 i AL 5
meso-MPPa BEAT AL Y, 73 85 HH 64% KR AL 2wy
(3);  EH AL EE RN R — G sk £ M A R 2 4 i 24 e P LA 5]
51 RAERIUR RN, DAERAR R = 5 A ple AR & nk
W3 (4) (54%); FEZIRIAFAATT, AL IsURE 1K) 20-07 7
1R N AE SRR N R DUR 56 5, H3R1S 45%11)
20-fiFE BRI — &MYy 5. meso-MPPa il i 5 75 I 1)
Knoevenagel J% W /= 26 LA 13- 500 FE AR
(1) —E N3 (6), [R]E 43 25 2 6 1 2 A IS 25 44 1)
U IR R 7, (G 6 4k8kE 1 TR
SN, A DAAFABLER) 5 I = 6 T B 25 tH Al A6 — by

(8) (40%) (Scheme 1).

1325 R B S R -a YR (9) ZEAT B fiEAL T I
BRIAHDNIY) meso-MPPa iAW) 10, dREAEmit 544 T
AT A S AN IR I TEHE SN, T 730 7= 2 i A Ab
3-LFELTERFE-18 (1), (R 45T N JLAMZ IR 2
AEFRTFIR, FRAL G 1 A A B3, B 47%0) 755y
BB 3L LHE AN pe (12); 11 5 AL IR il
Ui, MR ITUR] M 50 e, 1L 82% M7= 133
IR E-18 IR HE(13); L =Sl L AT, A
11 7 NN-—FIEH i (DMF) -5 0B & B3R &
MY, [E AR G 23% 1 DU R I 21 58 2518 WE WV fi(14). 55
— 70, X AN 10 R AMERR R WA R L
M R HAR R A i IOV, 43 il e s Wt -
-meso-FELEENT LR 1R-a TG 15 (17%) FIAFEIKMEIF21 5%
#-18 WLV % 16 (21%) (Scheme 2).

1 HR5UE

1.1 meso-£E fit $E 4R B Y 35 B BV L B R AT W)
RISMEIRME T

Wk 1 PR, WEREREAT A Sy R
AR F PR 28 R IR T B, P4 — R 2k 18-
BRI RAT ) B IO VA . AR
C-MEg 5 IAAN[H], B-PAAT D-PRi S5 46 70 3 4y A8 55 F 1k

OCHs OCHs

6 7

Reagents and conditions: (a) Hy0,/HCI/80 °C; (b) NBS/CH,Cly; (c) 1(F3C0),Phl; (d) AcOH/H,SO,/HNO3; (€) NaOEY/CH,(CN)o/EtOH

Scheme 1
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OCH; T
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14

NH

Reagents and conditions: (a) Pd-C/H5; (b) NaOMe/MeOH/CH,Cls; (c) KOH/MeOH/CH,N,; (d) PhCHoNH,/toluene;

(e) DMF/NH;NHCONH,NH; () TFA/Pyr/o-CgHa(NHa)o

Scheme 2

R = CHzCH2C02CH3

Bl 1 meso-FEJIBEMH SRR 14k 27 45 48 5 2% A IRUAR S . 1 DX 45
R

Figure 1
and region selectivity of electrophilic substitution

(KI5 B M A A RIS W, DRI AN AE I 5 | 0 R g
R TORYE R A S AN B, BT, B
AT WA XU S5 48 B-F1 93BT meso-fir FA 1) BE 72K TR

The chemical structure of meso-pyropheophorbide
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ST TRECRBEN D-IF, P 20-meso-fi FBATE S
MY HL AT 26 B, o — 7 T, 2 RS B A A2 5% e e A e Bk
SR IR S Y ) BRI 25 2-I A 18407 B BE N 1% S 2
RANREN 20-meso- (i) EE A MRS, T F 2 AR
ANIRISEAAR S IA], T HLEALE sp® Z2A0s F 16 18437 I HE [ fif
JET7 )z B KT, Ak, 20-meso-Aor & AT TE ik
™ R 2X TR A BHL; 5-meso-f57 Rl 10-meso-{v [ Ji il 2R
BE AR —HE, #0 m) 32 3] — A IR — A~ S5 25 [A] 4
BH, Rl p-LFEm = AEUR T, W r HaR L
meso- L ] X Y. 318 45 B % T2 B A 250 i BH Wy, DA otk
20-meso-fir st M- AT AW A o ML R B I8 S AT

1E meso-FEN BT SRR ()RR BRI FE P, Bk
LRl A ST RS -2 S Rk A, RS
IS IVEAA Z8 PR TR B (A bt B 1 B A R AR ) SR L 2047 5T
T, BB R 20-0 25 BRI B. HH T D-FRZE )
SRR FECP A A B 20-AL 0B ECTPE, R SR
PR AN B P TETRE BT 4 280 1 o TR AR U AN AR ). 2R
2 F AR FRRE T 1747 A BB R0 407 BELS i 10 242 2047, B
TR TR C(20)-HUHE A C(18)-FFENIAL T &
XHEA; MR, BRI EILN BT 20074 sp’
AL E, NFFE MR 17-07 v MRS I ST ARALRH, P
PL, il N ARFI AN J7 5 20-meso-fr 4%, 55
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HL R 1 T 7K 52 1) 25 1) 280 180 068 23 L BOAR S 2 7 A
PIE AR

AR s AR A 1 S W 45 R 0T A H, 2% F sl
PRBUBOR, W S N BE BN, A 7 A AR Y AR, ()
I, FERRTEZAE T, 20-07 s AR — Zln by ) LU A 38 )
SRR JERE 1, Forb, 2007051 5 25 5 4 1 I
A BT Uz, T S5 AR T R R U A R AN
ARy T MR IR A b s AR A LR
AR N BT P AL 5200, 45 1A% B-FA B 4l —
O PR Al ks 6, JF0 HLREAT A AL S . AR
SRR T8 J5 1T JSE RIS 7 < T, 8 LU 5 YT B EE AR
b Sl D 2 S 13 2 R 4 N A S VA D P
HRUAR S B 5 kAT

-3 3R AR 7 00 1 A B 5 R A W e AE KA (3
R B R R R (N T BT B, R AR I A R
R EANNGRT A A B AR LU I M AR
ST 10 IARAL —IREEL AT 11 [ ANEIA BT (140 25
BT, R IEREAT T AN R BEAR AR AR ST AL 10
AR G SOV i S R Ul ER R AR C, L TIERS
FAL B AR IENE D, AEREBEERE | i 7K ] e %

10 c D
PN RN NH,
_ Z
H@f\/( -(OH), I\/( NH, =
HooX N °N NN \ II
{j o 0" o
11
[ 16
/_\ /\
)
H,0 \Q% bl
D — H+O) N — HN N —
Y OV
E F
TN TN D
OH
Qﬁ\ — ooy Q
g Qo [N S =N )
NC e IS /—CN NC
1 _ct NC 6
EtO

A E G&1E a), LN T N IRIZINBIUI £ prh
A F, 5ol 25— 73 1 /K AL e VR O £ T B 4 1R

15. ANy ZE(10) 1) = A A AR R -18 (11),
SRS I TR R G R TR M IR 205 R Tl

W16, 45 REA RKAATAT N, BHIERGE A 11
1) i il BN, T A B 46 A ARG TE N I — R4 B R
M. AR TAME D 150 N SRAZ AR N TG, A2 R ER
HHAMA G (A% b), Tk IbERE R A I A R R
BRI H, P25+ WSEAZ IS )T A G i A4 T,
e AL SR A R 16, R CA LM R 11 4R
R AT IO, FEAGF RN ARG 18, A EE G
Y16 1117 285K, 11 75 DMF H -5 5k B9t JHF e g s 19 0 fie
J, Ft— DG R DUMR I JF 21 28 52 -18 WtV 1L (14), %
SERAL UL 205 3518 AN IR I i fle 75 2 AT IR i
AR+ Red3 LA I

AN E-& S S AT LA ) A J L e 20—
W AN 7S TG IR TFU P WAt 000 LR b A Bl — M9 -pg
12; E-FRIRAES U I 4661 st o plcrb ik K,
K& T %M Knoevenagel A/LFE(EIH IS — 5k 3 B
EREFT K, &1E o)t &4 6 LAAh, —HF 3

G H
N
HoNHN_  NHNH, = 7N
hig z
o] 0~ "N” 0
| — OTONTIN
HN\H/NHNHZ " NH
o X
J 14
<§§>
7N
15
-HC(CN
or AQHT/ ( )3 \ + \
H CN
NC H )~ CN NC H
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L 7

B2 MHERRATEMNSMEIME S & F A I

Figure 2 The modification for exocyclic ring of chlorophyllous derivative and the formation of azo-fused cycle
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T TR E-IRBnE B M F R T R IR G& AR d), Bt
TER W RE 3T L ST L 0T APk
ey ARG 7. Tk KA L 3520 22 ) e A R
B, T R b U (1) o R SRR J 1) ¥ 2% 1 ),
BT LA, A5 7 1 S0 R () A7 AE ) UL ds B-oURN Z-
WPV L N7 A
1.2 meso-EREMFRNEHERSEREAAT LN
R i B S 1k

RAN-AT DT R 2R 28 AN G B AR
2 N J5 T BT 2% ) E SR, I AEAS R DXk ) 45 44
O AT LSO K IR A T RO B T, R R U
N2LNZ HICURR Qy Fli i) ) FRIAR 248 i Xt d5e K vl LY )
W RL(Qy W) EAT s U b i, LA 20-meso-{v 328 25
Qy Hill, 1B495] 3k s IR, —ZMY I Qy WA 1
I3 A A T 1) R AR AN IR B RS, LR RN R oy
20-meso-P BARIE ] 5 I I K n-n 8 p-nif) L
B, 5 27 18- IR AN I 2 18] T R B A S AR BHL
R AR R E i KA AR R &R, X AR I
R AN, ARAS CER T R AR, R T KFR
HHIR R, 38U S T PUEHOMO) AR M. fE g & AE
T, BAR T 5 ARSI (LUMO) 2 1) 1 Be 2 22, A
MM, 4 20-67 A BUREEA N, H Qy WK & AEA
AR L0 H.

A B-FA 56 SO 1R 2 2 H (192 7E Qy Hliff) C-D FF
i ) KA R AR R S B AR IR A5 1), BB ANy AT
AW AR G AL KR FE e T o I AL A R, Af
Hod K AT WY IR K208 28 700 nm A2 4. 55 20-4
B Ae b R KT TH FEARRL, W 2 EAMEER I IR
Al LS EURA KIP IR AR L, BT Sem B e
(1 TR Re ), AN TTAE A5 R ER 401 1 e KT WOl
) K 7 RS

20-meso-r [T HUARIE [ 1 23 T ARG KR 43 T A
WA AT TE R . S IREE ARG BN RH(E=H,
Cl, Br), —&Nbwy &S Bos s — i &4, MRt
AR K (E=1, NO,), HAZMILIREREEARF X
() P HR B0 PR ) — o WS e, gl dn, e 3 HEAS
20-fILAR AN (4) A SR, 18- T A% L
P IAE 6 4.98 Fl 4.78 TE R AN DU I, 2-A7 F L, 18-
A7 FEFEFN 17~ 72 iy Tl 35 1) H AR 534 T ROAFHABA L 431 1)
WU, S PR AT BE T 20- 0P e T T 5 2 1A HE R R
18-07 H 3] 17 M KEERRES 7 4k, 843 R unlg S (e
G5 C(17)—C(1Ta)s e Iy, S22k B 177 FEFI
13257 37 FF 3 i 0 e 0 LA 17 T B 7 A7 BEL S A I 52,
2057 P T 1R 200 - 19 J08 7 HE OGT TR R AT e L AR A
A A RO 2 AR AR, (LA 58 1R T T 45 K4 T LA
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50 49 48 3736 35 34 33 16 15
B 3 meso-fEILBENT SRR T 20-HUREE A1 1 SRR 5 Hok
AL
Figure 3 The steric effect of 20-substituted group in meso-
pyropheophorbide and variety of their spectra

2 Hig

BT meso-FEIBRI SRR T A MM B2 He M S L Ab
BRI ERRE R, BE AT LU FEELAE 20-meso-{i7_F 52
Jit 23 LA T 5 | B8 o AN [ PR e 1A, B eS¢
J A TG I () 45 ) 5O I 2 R U SRR
BEr, e AT P a b I 2r 3238 b R A
RAALT R B VINIRIE. I, 20-meso-{i F fE LA
HMEIR NI RS AL IR 737Vl A A i, 2E 1T 2K
Fo el A A E AR AR, AT DA R i DU R oK
I T RO SRR 2 M

3 KEES
3.1 XE5RH

JLE M Perkin-Elmer 2400 7 56 % 43 1 A3 )
523 IR F Perkin-Elmer 1730 2148366 B A 52 (K Br
FEH); UV-Vis Hl UV-160A BRSNS BEVHIE:; 'H
NMR fi] Brucker ARX-300 ZUAZ s PRGN 5E, P b5A
TMS. AT R K o M el sl fb 24 48, meso-FE M BET 2%
f2-a HE(1)4% SCRRT 15T 1374 AR L4 a9
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F5 SCHR[ 16171 4%
3.2 20-F-meso-£E MR ER-a FREE(2)MIE MK

¥ 168 mg meso-fE M 28 -a FER(1) (0.305
mmol)¥% - 200 mL PYZERE T, SRJ5 AN i 20 mL 3%
(LA 200 mL 0.5 mol/L ) Eh R 20 Jli TR
W, 80 C NI/ 30 min J&, FEIIA 100 mL /KFl
150 mL S HFBEARI, 20 R HLAH, /K PERRIR fa ek
TR R BN T 05, AR, REIRCAEJZMT 2> & (Ve vCH
fik) : V(Z,E&Z,@E)=3 1], 15 120 mg BE 21 ¢ [l 447747 2
(0.204 mmol), =% 67%. m.p. 185~187 ‘C; UV-Vis
(CH,Cly) Amax (relative intensity): 372 (1.00), 514 (0.11),
546 (0.12), 610 (0.06), 666 (0.42) nm; "H NMR (CDCl;) 6:
—2.09 (brs, 1H, NH), —1.93 (brs, 1H, NH), 1.62 (d, J=
7.0 Hz, 3H, 18-CHj), 1.68 (t, J=7.6 Hz, 3H, 8a-CH3), 1.70
(t, J=7.7 Hz, 3b-CH3), 2.11~2.24 (m, 2H, 17a+17b-H),
2.46~2.54 (m, 2H, 17a+17b-H), 3.67 (q, J=7.6 Hz, 2H,
8a-H), 3.86 (q, J=7.7 Hz, 2H, 3a-H), 3.25, 3.50, 3.58,
3.64 (each s, each 3H, CH;+OCH;), 4.21 (d, J=6.7 Hz,
1H, 17-H), 4.77 (q, J=7.0 Hz, 1H, 18-H), 5.19 (d, J=19.8
Hz, 1H, 13*H), 5.24 (d, J=19.8 Hz, 1H, 13*-H), 9.36,
9.46 (each s, each 1H, meso-H); IR (KBr) v: 3454 (N—H),
2963, 2869 (C—H), 1728~1697 (C=0), 1611 (C=C),
1553 (chlorin skeleton), 1450, 1359, 1223, 1152, 1059,
973, 752 cm” ', Anal. caled for C3,H;,CIN,O;: C 69.79, H
6.37, N 9.58; found C 69.60, H 6.17, N 9.49.
3.3 20-R-meso-£E it iRER-a FHEE(3)RIA MK

¥ 106 mg meso-FEMi BRI 4% 1% -a HIER(1) (0.193
mmol)#%Hfi# T~ 15 mL & e, S mAE# T 5 mL
FHEMY) 50 mg N-1RAR T R i, =ilHidt 1.5h, e
TN 15 mL =& FBERT 20 mL K, 2 HEHLUZ, KIZEH
TR REAINAS mLX2), AIFAHUZE, KYERH K
TR RN -1, VR BR 2507, TRV EAERATIZ T 7 88
(e AL V(AhEE) @ (R OB =3 1], 13 78 mg I
ZI A [E A7) 3 (0.123 mmol), 77 64%. m.p. 191~193
C; UV-Vis (CH,Cl,) Ay (relative intensity): 408 (1.00),
515 (0.11), 547 (0.12), 611 (0.06), 668 (0.42) nm; "H NMR
(CDCly) 8: —1.76 (br s, 1H, NH), 0.84 (br s, 1H, NH),
1.58 (d, J=7.0 Hz, 3H, 18- CH3), 1.69 (t, J=7.6 Hz, 3H,
8-CH3), 1.71 (t, J=7.7 Hz, 3H, 3b-CH3), 2.13~2.26 (m,
2H, 17a+17b-H), 2.47~2.61 (m, 2H, 17a+17b-H), 3.27,
3.53, 3.58, 3.65 (each s, each 3H, CH;+OCH3;), 3.68 (q,
J=7.6 Hz, 2H, 8a-H), 3.89 (q, J=7.7 Hz, 2H, 3a-H), 4.22
(dd, J=8.9, 3.0 Hz, 1H, 17-H), 4.86 (q, J=7.0 Hz, 1H,
18-H), 5.19 (d, J=20.0, 1H, 13*-H), 5.25 (d, J=20.0, 1H,
13%H), 9.40, 9.50 (each s, each 1H, meso-H); IR (KBr) v:
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3393 (N—H), 2926 (C—H), 1731~1697 (C=0), 1620
(C=C), 1545 (chlorin skeleton), 1452, 1390, 1239, 1163,
1059, 983, 848 cm '. Anal. caled for C3H3,BrN,O;: C
64.86, H 5.92, N 8.90; found C 64.69, H 6.03, N 8.71.
3.3 20-fi-meso-fE Bt $EM 4R ER-a BREE(4)HI S B
7115 mL =5 P L #5fi# 115 mg meso- Eﬂﬁﬁ!fiﬂf Zx
%-a FE(1) (0.209 mmol), FFIIA 10 mg flt, 2R/ Il
NAR R GE MBS T 5 mL = HHEP 1 70 mg X =
ORI, SRR RN 1 h, SEF A 15 mL —
ST HER 20 mL K, ANV, KEH & A
(15 mLX2), GIANLIZE, KUEIEHICK R T,
PR R L0, BRI Z T B [PER A v
k) MR LT =3 1 1], 3 76 mg £l k774 4
(0.113 mmol), F=3F 54%. m.p. 196~199 C; UV-vis
(CH,Cl,) Apax (relative intensity): 414 (1.00), 515 (0.11),
548 (0.12), 611 (0.06), 669 (0.42) nm; '"H NMR (CDCl;) 6:
—1.92 (br s, 1H, NH), —1.42 (br s, 1H, NH), 1.62 (1.51)
(d, J=7.0 Hz, 3H, 18-CHj), 1.69 (t, J=7.6 Hz, 3H,
8a-CH3), 1.71 (t, J=7.5 Hz, 3b-CH3), 2.12~2.25 (m, 2H,
17a+17b-H), 2.44~2.60 (m, 2H, 17a+17b-H), 3.68 (q,
J=1.6 Hz, 2H, 8a-H), 3.88 (q, J=7.5 Hz, 2H, 3a-H), 3.26
(3.27), 3.55 (3.51), 3.58, 3.66 (3.63) (each s, each 3H, CHj;
+OCH;), 4.22 (br s, 1H, 17-H), 4.98 (4.78) (q, J=7.0 Hz,
1H, 18-H), 5.22 (br s, 1H, 13%-H), 5.21 (br s, 1H, 13%-H),
9.37, 9.50 (9.49) (each s, each 1H, meso-H); IR (KBr) v:
3440 (N—H), 2959 (C—H), 1735~1693 (C=0), 1612
(C=C), 1514 (chlorin skeleton), 1454, 1360, 1221, 1166,
1087, 981, 904 cm ! Anal. caled for C3HsIN,O5: C
60.36, H 5.51, N 8.28; found C 60.40, H 5.66, N 8.09.
3.4 20-fEE-meso-E MR ER-a FRES(5)RIA R
£ 10 mL H =Sl GEHE A% 113 mg meso-FE L 2%
fg-a FHE(1) (0.205 mmol), &% 0 C, ZZM¥H I
0.5 mL M8 M 2 mL SFRFRER 1 mL R IHAHEERIE M, il
UK TR R =R, HiFER N2 h, HE)E A 25 mL 7Kl
15 mL =& 8, o HANUZE, KZEH SRS
mL X2), GIHANZE, /KEEJEH TGRS T8, Tk
bR AW, B RYEAEIRATLZHT 2 B Ve R VO
k) - (LR TE)=3 © 1], 4 55 mg BELLEE &) 5
(0.092 mmol), “FE 45%. m.p. 204~206 ‘C; UV-Vis
(CH,Cl) Amax (relative intensity): 414 (1.00), 515 (0.12),
548 (0.12), 611 (0.07), 669 (0.41) nm; "H NMR (CDCls) 6:
—1.89 (br s, 1H, NH), 0.84 (br s, 1H, NH), 1.52 (d, J=7.1
Hz, 3H, 18-CHj), 1.66 (t, J=7.6 Hz, 3H, 8a-CHj), 1.70 (t,
J=17.6 Hz, 3b-CH;) 2.11~2.23 (m, 2H, 17a+ 17b-H),
2.46~2.66 (m, 2H, 17a+17b-H), 3.61 (q, J=7.6 Hz,
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2H, 8a-H), 3.82 (3.81) (q, J=7.6 Hz, 2H, 3a-H), 3.09,
3.21, 3.58, 3.59 (each s, each 3H, CH;+OCH;), 4.23
(4.22) (d, /=8.4 Hz, 1H, 17-H), 4.73 (q, J=7.1 Hz, 1H,
18-H), 5.12 (d, J=19.9 Hz, 1H, 13*H), 5.18 (d, J=19.9
Hz, 1H, 132—H), 9.44, 9.45 (each s, each 1H, meso-H); IR
(KBr) v: 3327 (N—H), 2923 (C—H), 1733~1672 (C=
0), 1602 (C=C), 1517 (chlorin skeleton), 1433, 1344,
1292, 1166, 1084, 989, 925 cm™'. Anal. caled for Cs,Hjo-
N;5Os: C 68.55, H 6.26, N 11.76; found C 68.38, H 6.10, N
11.79.

3.5 13'-B,-Z&H I A E-13"-FK F-meso- £ L iEM 47
fz-a EfE6)F1 13" (E/2)-13"-p-H T B £ -13"-%5-
meso-£E it $E M 4FEk-a BREL(7)RIE A

I 116 mg meso-FEMi Bkt 41K -a HER(1) (0.211
mmol)¥%¥ T 30 mL Jo/K SWEH, SRJE A 100 mg A —iiF
(1.515 mmol) ! 25 mg LA, £E Ny ZUHE RS, T 80
TR 2 h. NS ERRE W E KoK, H
AR REAUR IR A IS0 mL X 3), AHAPUZIEK
Vb, oK TS5 B AU AL 3, 3 min
i TR HE I R b AN I R P R, SO B v A,
R RT3 B TVE ). V(i) @ (LR
ZMig)=5 1 2], 19 82 mg L[4 6 (0.137 mmol, 65%)
F1'5 mg LA 44 7 (0.008 mmol, 4%).

6: m.p. 220~223 °C; UV-Vis (CH,Cl,) Apax (relative
intensity): 346 (0.83), 382 (0.90), 448 (0.97), 572 (0.18),
636 (0.30), 694 (1.00) nm; 'H NMR (400 MHz, CDCl5) ¢:
—1.70 (br s, 1H, NH), 0.52 (br s, 1H, NH), 1.61 (t, J=7.6
Hz, 3H, 8a-CHs), 1.67 (t, J=7.7 Hz, 3H, 3b-CHj3), 1.77 (d,
J=17.4 Hz, 3H, 18-CH;), 2.15~2.25 (m, 2H, 17a+
17b-H), 2.40~2.65 (m, 2H, 17a+17b-H), 3.14, 3.23, 3.55,
3.60 (each s, each 3H, CH3;+OCH3;), 3.56 (q, J=7.6 Hz,
2H, 8a-H), 3.72 (q, J=7.7 Hz, 2H, 3a-H), 4.21 (d, J=7.3
Hz, 1H, 17-H), 4.40 (q, /=38.0 Hz, 1H, 18-H), 4.96 (d, J=
20.0 Hz, 1H, 13%H), 5.19 (d, 1H, J=20.0 Hz, 13*H),
8.41, 9.06, 9.28 (each s, each 1H, meso-H); IR (KBr) v:
3423 (N—H), 2923 (C—H), 2220 (C=N), 1701 (C=0),
1620 (C=C), 1537 (chlorin skeleton), 1473, 1382, 1218,
1108, 1087, 999, 908 cm '. Anal. caled for C37H3eNO,: C
74.22, H 6.40, N 14.04; found C 74.35, H 6.56, N 13.97.

7: m.p: 211~213 °C; '"H NMR (400 MHz, CDCl5) ¢:
—1.06 (br s, 1H, NH), 0.50 (br s, 1H, NH), 1.65 (t, J=7.6
Hz, 3H, 8b-CH3), 1.78 (t, J=7.7 Hz, 3H, 3b-CHj;), 1.82 (d,
J=17.3 Hz, 3H, 18-CH;), 1.90~2.03 (m, 1H, 17a+
17b-H), 2.12~2.32 (m, 2H, 17a+17b-H), 2.45~2.64 (m,
1H, 17a+17b-H), 3.22, 3.23, 3.44 (3.43), 3.63 (each s,
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each 3H, CH;+OCH;), 3.51 (q, J=7.6 Hz, 2H, 8a-H),
3.68 (q, J=7.7 Hz, 2H, 3a-H), 4.16 (d, J=8.0 Hz, 1H,
17-H), 4.36 (q, J/=7.3 Hz, 1H, 18-H), 5.34 (5.32) (d, J=
20.0 Hz, 0.5H, 13%*-H), 5.48 (d, J=20.0 Hz, 1H, 13*-H),
7.23 (7.32) (s, 1H, 13'a-H), 8.40, 9.16 (9.14), 9.47 (each s,
each 1H, meso-H); IR (KBr) v: 3396 (N—H), 2925
(C—H), 2219 (C=N), 1739 (C=0), 1629 (C=C), 1579
(chlorin skeleton), 1475, 1346, 1224, 1062, 1027, 989, 912
em . Anal. caled for CyH3oNsO,: C 75.36, H 6.85, N
12.21; found C 75.47, H 6.69, N 12.33.
3.6 13'-B,8-Z &L B £-20-F5 &-13"- K F-meso-£
Bt $5 0t 4R ER-a BREE(8)HIE X

ZIL &Y 5 MaBOTE, MEEY 6 BRI &Y)
1, PN 4 h fHLLEE AR 8, 7724 40%. m.p. 227~
230 C; UV-Vis (CH,Cly) Anax (relative intensity): 438
(1.00), 530 (0.10), 578 (0.07), 656 (0.08), 708 (0.36) nm,;
'"H NMR (CDCl;) : —2.83 (br's, 1H, NH), —0.10 (br s,
1H, NH), 1.69 (t, J=7.6 Hz, 3H, 8a-CH3), 1.72 (t, J=7.6
Hz, 3b-CH3), 1.76 (d, J=7.0 Hz, 3H, 18-CH3), 2.19~2.27
(m, 2H, 17a+17b-H), 2.54~2.66 (m, 2H, 17a-+17b-H),
3.72 (q, J=7.6 Hz, 2H, 8a-H), 3.86 (q, J=7.6 Hz, 2H,
3a-H), 3.26, 3.42 (3,44), 3.60, 3.69 (each s, each 3H,
CH;+OCH,), 4.32 (d, J=17.6 Hz, 1H, 17-H), 4.75 (q, J=
7.0 Hz, 1H, 18-H), 5.20 (d, J=19.8 Hz, 1H, 13°-H), 5.30
(d, J=19.8 Hz, 1H, 132-H), 9.37, 9.49 (each s, each 1H,
meso-H); IR (KBr) v: 3438 (N—H), 2931 (C—H), 2362
(C=N), 1737 (C=0), 1618 (C=C), 1515 (chlorin skele-
ton), 1448, 1363, 1228, 1089, 981, 906 cm™'. Anal. calcd
for C3;H3;N;0,4: C 69.03, H 5.79, N 15.23; found C 69.16,
H 5.88, N 15.19.
3.7 13%-FEK-meso- it EM REL-a RES(10)AIE K

#5391 mg L5 9 (0.695 mmol)% T~ 15 mL 5
ferf, RGN 100 HRKk, RPN,
TLC s SN a]. S Mgl s, ok, SR evkvs
JEYE, B IFUBCRI VR, ToK B BT, W4,
RVAAEAT JZ o0 B VR VO mEE) @ (LR &
lif)=4 : 1], #3 357 mg ZXEa[E 14 10 (0.632 mmol), ;=%
83%. m.p. 215~219 C; UV-Vis (CHCl3) Ay (relative
intensity): 385 (1.00), 503 (0.01), 601 (0.156), 513 (0.06),
666 (0.31) nm; '"H NMR (CDCly) §: —2.78 (br s, 1H,
NH), —0.35 (br s, 1H, NH), 1.50 (t, J=7.6 Hz, 3H,
3b-CH3), 1.73 (t, J/=7.6 Hz, 3H, 8-CH3;), 1.90 (d, /=74
Hz, 3H, 18-CHj), 2.27~2.43 (m, 2H, 17a+ 17b-H),
2.69~2.76 (m, 1H, 17a+17b-H), 2.78~2.87 (m, IH,
17a+17b-H), 3.36 (q, J=7.6 Hz, 2H, 3a-H), 3.11, 3.33,
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3.37, 3.60 (each s, each 3H, CH;+OCH;), 3.82 (q, J=
7.6 Hz, 2H, 8a-H), 4.67 (q, J=7.4 Hz, 1H, 18-H), 5.13
(dd, J=9.1, 2.2 Hz, 1H, 17-H), 8.90, 9.10, 9.37 (each s,
each 1H, meso-H), IR (KBr) v: 3454 (N—H), 2960
(C—H), 1730~1680 (C=0), 1654 (C=C), 1596 (chlorin
skeleton), 1448, 1386, 1305, 1099, 1047, 993, 905 cm .
Anal. caled for C34H3gN,O4 C 72.32, H 6.43, N 9.92; found
C 72.10, H 6.40, N 9.81.
3.8 3-CE-3-EZHEEZSING-ps ZHE5(12)RIE K
7625 mL FEER N 15 mg 4@, Frahas i s in
LU, #5187 mg 454 10 (0.331 mmol)fJ 20 mL
TR RS EN PR, JFEBEEE 1 h, A
25%I1) LB I AR A I pHAB VR ) 3 e A7, P48 SR In
A 20 mL —ECHGER 30 mL /K, 3 AR, AR
TR LA, 3 min JFEGHE N LR P AL H I FE A
e, AR EMLEY 11 KLY, NG 8, HER
fit ¥ 10 mL BB, A 15 mL 25% (w/V)Y& A48 4
RV, ZVRRY, |WEBERE, R NIRE YRR W
W 1) 689 nm ARSI %, T 10%0% IR 1 i pH &2
3, MG PR N, A IHAHUH, F IR BRh
T, 2 I E A P b R, R IRYE, IRk
AR JE M B VR VO ) © (LR LR =4
1], 7% 98 mg £ [F 1A 12 (0.156 mmol), 773 47%. m.p.
218~221 C; UV-Vis (CHCl3) Apx (relative intensity):
401 (1.00), 504 (0.11), 534 (0.15), 601 (0.13), 657 (0.70)
nm; '"H NMR (CDCl;) 6: —1.00 (br s, 1H, NH), —0.89
(br s, 1H, NH), 1.66 (t, J=7.6 Hz, 3H, 8a-CH3), 1.63 (t,
J=17.7 Hz, 3H, 3a-CH,), 1.84 (d, J=7.2 Hz, 3H, 18-CH3),
1.84~1.92 (m, 1H, 17a+17b-H), 1.99~2.12 (m, 1H,
17a+17b-H), 2.16~2.28 (m, 1H, 17a-+17b-H), 2.32~
2.45 (m, 1H, 17a-+17b-H), 3.17, 3.33, 3.51, 3.62, 4.17,
4.21 (each s, each 3H, CH;+OCH;), 3.61 (q, J=7.6 Hz,
2H, 8a-H), 3.73 (q, J=7.7 Hz, 2H, 3a-H), 4.37 (q, J=7.2
Hz, 1H, 18-H), 5.17 (d, J=9.1 Hz, 17-H), 9.62, 9.21, 8.56
(each s, each 1H, meso-H); IR (KBr) v: 3386 (N—H), 2923
(C—H), 1738~1681 (C=0), 1650 (C=C) 1581 (chlorin
skeleton), 1452, 1344, 1218, 1170, 1010, 914, 777 cm .
Anal. calcd for C34H4N4Og C 68.99, H 6.75, N 8.94; found
C 69.14, H 6.58, N 8.85.
3.9 N-FE-3-ZE-3-(XZHEELTEE-18 ZEBTZR
Be(13)H9& A
¥ 128 mg £05 F-18 fiT A4 11 (0.220 mmol)# i
T 5 mL TR 2R, SREWIN 2 WFI%, 120 C Rl
SN2 hy, AHUGEIN 2 mL KRR Z1 5 FE 10 min, P
TN 15 mL & FBERT 20 mL /K, o HEHLUZ, KIEH
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TEF RIS mLX2), SENLUE, Kk K
DRBRAN T4, R BR 2507, TRV LA IZ T 7 88
[EIA): VA ) @ (SR OB =4 @ 1], 13121 mg
S E A7) 13 (0.181 mmol), 7% 82%. m.p. 224~
226 C; m.p. 237~239 C; UV-vis (CH,Cl,) Apax (rela-
tive intensity): 362 (0.30), 416 (1.00), 507 (0.05), 544
(0.13), 693 (0.31) nm; '"H NMR (CDCls) 6: —0.15 (br s,
1H, NH), 0.02 (br s, 1H, NH), 1.63 (t, J=7.6, 3H, 8-CHs),
1.68 (t, J=7.7 Hz, 3a-CH;), 1.75 (d, J=7.2 Hz, 3H,
18-CH;), 1.94~2.03 (m, 1H, 17a+17b-H), 2.30~2.47
(m, 2H, 17a+17b-H), 2.62~2.73 (m, 1H, 17a+17b-H),
3.13, 3.22, 3.56, 3.78 (each s, each 3H, CH;+OCHj3), 3.58
(q, J=17.7 Hz, 2H, 3a-H), 3.72 (g, J=7.6 Hz, 2H, 8a-H),
432 (q, J=7.3 Hz, 1H, 18-H), 5.29 (dd, J=8.4, 1.7 Hz,
1H, 17-H), 5.67 (d, J=14.4 Hz, 1H, NCH,Ph), 5.72 (d,
J=14.4 Hz, 1H, NCH,Ph), 7.26 (t, J=7.4 Hz, 1H, Ph-H),
7.38 (t, J=7.4 Hz, 2H, Ph-H), 7.75 (d, J=7.4 Hz, 2H,
Ph-H), 8.49, 9.15, 9.53 (each s, each 1H, meso-H); IR
(KBr) v: 3329 (N—H), 2926 (C—H), 1732~1687 (C=
0), 1633 (C=C) 1577 (chlorin skeleton), 1456, 1371,
1228, 1168, 1062, 962 cm™ . Anal. calcd for C4H4;3NsO, C
73.52, H 6.47, N 10.46; found C 73.73, H 6.41, N 10.63.
310 3-ZE-3-(KZHE-(2,3-n)[1,5-Z5-6-FK M
BR)FFI % E-18 ZEL T AR B (14) B9 & B

7t 15 mL DMF Hfi# 179 mg tb&4 11 (0.308
mmol), FFIIA 198 mg BB, 0 2 = LR, A
SR, T 100 CHERER N 3 h, FIESYH I 25 mL
TAFLEA 40 mL K, AN, AHUZEKBTEGQRS
mL X 4)J5 T /KGR RN T4, R R 2235, FIRms
TR KE M 20 B (e 70 VO k) @ M2 2R =
5:2], 1945 mg BEZL A 44774 14 (0.071 mmol), =%
23%. m.p. 235~238 C; UV-vis (CHCl3) Ay (relative
intensity): 419 (1.00), 510 (0.07), 549 (0.21), 601 (0.05),
702 (0.38) nm; 'H NMR (CDCls) 6: 0.24 (br s, 1H, NH),
0.42 (br s, 1H, NH), 1.64 (t, J=7.6 Hz, 3H, 8a-CH3), 1.68
(t, J=7.7 Hz, 3H, 3a-CHs), 1.71 (d, J=7.4 Hz, 3H,
18-CH3), 1.90~2.04 (m, 1H, 17a+17b-H), 2.37~2.46
(m, 2H, 17a+17b-H), 2.67~2.78 (m, 1H, 17a+17b-H),
3.19, 3.40, 3.59, 3.76 (each s, each 3H, CH;+OCHj3), 3.61
(q, J=17.6 Hz, 2H, 8a-H), 3.72 (q, J=7.7 Hz, 2H, 3a-H),
430 (q, J=7.2 Hz, 1H, 18-H), 5.25 (d, J=7.8 Hz, 1H,
17-H), 5.71 (br s, 2H, NH), 8.41, 9.12, 9.49 (each s, each
1H, meso-H); IR (KBr) v: 3435 (N—H), 2923 (C—H),
1726~1678 (C=0), 1622 (C=C), 1585 (chlorin skele-
ton), 1484, 1373, 1282, 1166, 1014, 912, 734 cm™'. Anal.
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caled for C;35H33gNgO4 C 66.23, H 6.03, N 17.65; found C
66.14,H 6.22, N 17.81;

311 3-TE-3-EXZTHE-(2,3-n)-TEEWFH LI % HE-18
ZER AR BE(15)F0 3-2 &-3-K T IHE-(2,3-n)-FFEBK
MeFFLT R E-18 BT AR ERER(16)BI S FX

# 126 mg L5410 (0.223 mmol)%fi# T 20 mL
BEH, JAAN 0.1 mL =5 L. 2 mL LA 60 mg ZF 7K
T JH(5.548 mmol), ZEiEFE 1.5 h, EEERIIEEE, 5]
Fr A3 B4y Ik A — S e or )z, AU B A UK
H, B IFANLZIFKDE, T8GR IRAE, TR =T
BRI VAR @ MO CHE)=3 © 1], 153 24
mg ¥ {14 15 (0.038 mmol, 17%)F1 31 mg L4 14 16
(0.047 mmol, 21%).

15: m.p. 208~211 ‘C; UV-Vis (CHCl;) Ap.x (relative
intensity): 433 (1.00), 527 (0.07), 569 (0.05), 645 (0.06),
695 (0.36) nm; 'H NMR (CDCl;) 6: —0.87 (br s, 1H,
NH), 0.67 (br s, 1H, NH), 1.67 (t, J/=7.6 Hz, 3H, 8-CH3),
1.71 (t, J=17.7 Hz, 3H, 8-CH3), 1.84 (d, /=7.3 Hz, 3H,
18-CH3), 2.28~2.47 (m, 2H, 17a+17b-H), 2.67~2.76
(m, 1H, 17a+17b-H), 2.85~2.95 (m, 1H, 17a-+17b-H),
3.20, 3.25, 3.58, 3.74 (each s, each 3H, CH;+OCHs), 3.62
(q, J=17.7 Hz, 2H, 3a-H), 3.80 (q, J/=7.6 Hz, 2H, 3a-H),
448 (q, J=6.7 Hz, 1H, 17-H), 5.08 (d, J=6.5 Hz, 1H,
18-H), 7.54~7.60 (m, 2H, Ph-H), 8.14~8.03 (m, 2H,
Ph-H), 8.46, 9.23, 9.34 (each s, each 1H, meso-H); IR
(KBr) v: 3330 (N—H), 2923 (C—H), 1737, 1681 (C=0),
1649 (C=C), 1542 (chlorin skeleton), 1392, 1188, 1041,
987 cm . Anal. caled for CyoHsoNO,: C 75.45, H 6.33, N
13.20; found C 75.37, H 6.37, N 13.04.

16: m.p. 218~221 °C; UV-vis (CHCI3) Ay (relative
intensity): 419 (1.00), 482 (0.05), 514 (0.06), 550 (0.19),
655 (0.08), 709 (0.36) nm; '"H NMR (CDCl;) 0: —1.06 (br
s, 1H, NH), 0.75 (br s, 1H, NH), 1.62 (t, J=7.6 Hz, 3H,
8a-CH;), 1.71 (t, J=7.6 Hz, 3H, 3a-CH;), 1.88 (d, /=7.2
Hz, 3H, 18-CH;), 2.25~2.48 (m, 2H, 17a-+ 17b-H),
2.50~2.65 (m, 1H, 17a-+17b-H), 2.85~2.95 (m, 1H,
17a-+17b-H), 3.14, 3.25, 3.53, 3.59 (each s, each 3H,
CH;+O0CH,), 3.55 (q, J=7.6 Hz, 2H, 8a-H), 3.77 (q, J=
7.6 Hz, 2H, 3a-H), 4.48 (q, J/=7.2 Hz, 1H, 17-H), 5.11 (d,
J=28.4 Hz, 1H, 18-H), 7.48~7.56 (m, 2H, Ph-H), 7.97 (d,
J=17.6 Hz, 1H, Ph-H), 8.02 (d, /=7.6 Hz, 1H, Ph-H),
8.50, 9.18, 9.21 (each s, each 1H, meso-H); IR (KBr) v:
3438 (N—H), 2923 (C—H), 1739, 1693 (C=0), 1620
(C=C), 1500 (chlorin skeleton), 1452, 1224, 1114, 1027,
981 cm . Anal. caled for C4oH4oNgO;5: C 73.60, H 6.18, N
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12.87; found C 73.70, H 6.29, N 12.98.
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