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Hydroxy(alky)lation of Chlorophyllous Degradation Products and

Synthesis of Their Chlorin Derivatives
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Abstract Methyl pheophorbide-a was used as a starting material, and its modifications were carried out making use of the
chemical reactivities of electron-richous regions on the chlorin macrocycle. The introdustions of hydroxyl groups or hy-
droxyalkyl groups at exocyclic E-ring, C(3)(C12)-f-position and 20-meso-position were accomplished by the allomerizations
of a-hydrogen of the exocyclic E-ring, the electrophilic addition of C(3)-vinyl group, the nucleophilic addition of the carbonyl
groups and electrophilic substitution at C(20)-position. The newly-formed hydroxyl groups were further converted into car-
bon-oxygen double bonds or carbon-carbon double bonds by oxidation and dehydration reactions. The chemical structures of
11 unreported chlorin derivatives were characterized by UV, '"H NMR, IR spectra and elemental analysis. The possible mecha-
nisms about corresponding reactions were tentatively proposed.

Keywords chlorophyll-a; pheophorbide; chlorin; hydroxy(alky)lation; synthesis
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(145 k.

EPEMBENT 2R1R-2 TG, fAIFR MPa) k2 ifi s R,
R 13055 a- 20 RN TE, FERIEAT TS 2
TP WEAT BN N, #2408 B-FR LR b 5| 1E
FRH DL ZERRPESE R, BT S ANy EE(2) S R N
FRUTT PRI B W 45 H 21 %[0 15a- 30 - S nh vy e
— HIE(3). CAVUSE AL HR AN R B D T A AL 7, ok
HEW W 3L LIRFEAT AL, e b AL B e
GR-d HIiE4, K MPd), 7£ 80 CH LR 4= <A
PRI, A5 13247 T R 11 75 2R Y (0 S AR P2 40 5,
38%). fERRLe =TT, T SRR MPa (1)
THER T 1370 10 PR AR P R, LG I = 0 s Mot e - 4
IR-a HIER(6, WFR MPPa)fERMERE A7 4E F BT 25 1L,
Iy WIS F) 12-52 FHRAL Y MPPa (7, 5%), 132-R7 32 FEAk 1)
MPPa (8, 19%) & HIEAL = 4(9, 23%) (Scheme 1).

TETEIERE A A AL E T, MPPa (6)1F17 Uk
SN A 13- A AR BT Sk R-a HER(10)FT 12-
PR A i 2 R -a. PR (11)!), AT 12-fr St 5
PR YRR BE RO G SO LA 47 % ISR 3 B Y 12-47 1-F7
CHERARI &Ny (12), 1 47 BR IY N JE % (TPAP)
FT N- L k- NS AL TR A B AL X 12 R JE A T
Ak, DL 54%A4E R 12- SRR I AR B e i SR PR AT AE
PI(13). Ny R 10 1AK% EC RN EEESEEL, ES T
FE WAL B B R L SRR B 1) s B R B T4 3 b R U
(1) 2Ny W (14, 7%) 805 (15, 8%)LAAR, 4> 25
S EH L %18 (16, >30%). FERMESAE T,

AN 15 IR RN %R Z- R
13-4 0- 13- S - 13- AR A I SR R -a. PV
(17) (Scheme 2).

MRAE 2L Z AT 300 1-10 LIRS K&
1-38 ZHET0 N 45 AN 20-meso-7 (11 BAT A48 i LT
B AR P A2 T C(20)-meso-fir 1) & 3
AR, DA A IR N P28 AL 7= 4. A Bt R AT o T
JAEEME R, MPPa (6)15 2 58 P (1 5 F 640 S B R
Hk, BT BB CG3)- LM N S (s,
39%) LAAR, AN 43 B H /b 10 BT PR -C(20)- 52 F AL
AN (19, 4%). FiAb, AR AT
X ARG EE 10 B AR SRR -d FIE(20)HH T8
J5, b R PP R R T (1 R B DO SR F O, il
DA 8 e A il AN E 21 R 9, AEUR SN A
E-FA (1) i B 5 W R £F A A (Scheme 3).

1 HR5itE
1.1 (B)BEMRRITEMIMNE E-RRUFE R

J e SRR 1) TLoeAME B-3A LA — AN AR
—ANEEE, JLBCER Y- R B SRR (A% B34 BTy
RORBEIAIIEAAL. tT2H 8 B-3A) 5 AN I 5 AT
VOANKEL sp” (b X, PN B-FR AT 51
WIE, PR ESRAE S 3L oS s H AR T PR A 27 S
VBT, B 12-f PR R A R S 132 AR
F T Ak a- A2 RONRAIES, 7S B,

OCH;
OCHj 5

Reagents and conditions: (a) (CHO),//I/CH.Cly; (b) LIOH/THF; (c) OsO./NalO4/CH.Cly; (d) AcOH, 80 °C; (e) AcOH/110 C; (f)

LiOH/THF/MeOH/Os.

Scheme 1
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14 R = n-CzHy

15R = p-N02C6H4

Reagents and conditions: (a) LiOH/MeOH/O,; (b) CH3;MgBr/THF; (c) TPAP/N-Me-N-oxidemorphyline; (d) C4HsMgBr for 14, PhCH,MgBr/THF

for 15; (e) CeHe/TSOH/reflux.

Scheme 2

OCH,4 OCHs;

21 R' = CH,0H, R?=CHj;
9 R' = CH,, R? = CH,OH

6 X =CHy R=CHj;
10 X = CH,, R=CHO;
20X =0, R=CH,

Reagents and conditions: (a) H,SO4/H3P0O4/CH,0; (b) NaBH,/MeOH/CH,Cl,.
Scheme 3

FEBE SRR -2 F IS 11 SR UG IR AR T A, RE S
PR AR R AR O T B S e R R AR B, R G
MEWE S AF TR a), FA M E T HHRIESME E-FR
Pk, BT T R 9 T = 1) 4k € B8 e AR B s T 4k
A 10, WA R S A T 0812 b),
DRI Lk B R VA, LA IO e 1 ik B 4
Bm AL AR T, RS 137323 MPPa 7 (K [H]INF, 1 5 )
WA L I - NS A0, b T AT B fR W L T 2
TEIME A T LW A 5 T b S 02 1 D, ki 5 A
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e A I T 36 Ak B 13232 FR LR () MPPa (8). 12-17
FEATUMER B-IRERIE MG o-E, 5 Jombme 1855
W, BTG EE R SRR B R DAL R, Ak
5 N AR G 12-F R A A 4 R -a
FEE 11, H B82S AT R S8 A v ) 44
F, TEMEBEAELE AT N [RIRE S mme & A S8 Ak e I it 2 il
12-J2 13 MPPa (22).

RO RAETFIREHE R SRR AME B-I0 i ] N 35
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Figure 1 The allomerization of methyl pyropheophorbide-a in presence of pyridine
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Figure 2 Ring-opening reaction of exocyclic ring of methyl 13%-hydroxymethylpheophorbide-a

584 http://sioc-journal.cn/

© 2013 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2013, 33, 581~589



Chinese Journal of Organic Chemistry

ARTICLE

oH E

== R' = H or CO,CHs
R? = CH,CH,CO,CH;  H

Nu

B2 ()it SRIRAT A ME IR BN (R S AR R

Figure 2 The stereospecificities of the reactions on the exocyclic ring of (pyro)pheophorbide derivatives

SR B, DA AT DU 3 i 25 2K 737 i B B -3
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FIF AR SEHINE SR N A 235 B AR 45
ML N, 0 A SRR B R R SRR AT AR
LT DXL B E- IR BRI Sl A F A8, {E4MEEIR . C(3)-,
C(12)-B-fiF1 20-meso-fir b3l 56 i T 3R FE B H FR e
(RT3, B R HE I S A R E 7K 2 N3k — 5 e e pl i 4
RUEE BN TR OOURE, 14 3R AN by U AN R
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AR RE, [A)IA  2f 28 2R 91 bWy 7 T OB s Y.
P78, A R B AE f PDT YU iPiett T4
VI Nig 2.

3 ZBES
31 NE5IKH

JCE M1 Perkin-Elmer 2400 %450 2 /0 A & ;
IR i Perkin-Elmer 1730 4141433656 BN 5 (KBr [k
J); UV-Vis il UV-160A LA B 5E; 'H
NMR F Brucker ARX-300 FUAZREILIRACI 2, WARH
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B ()RR i 6 Sk 1R-a. FHTIR(6) 44 SCHR[ 107146 i Bk
SEIR-d I TR(4) T SCRRIST 4 132 AR L BN SR -a
FER(10)AT 12- FH L A i Be k28R -a FH R (11) 4% SCHR
(617145, A2 2R I2-d FTiG(20) F% SCRR[12]5H0 4%
3.2 15a-TFEREZSAING es-=FHES(3)RIE K

# 110 mg (0.181 mmol) 1, 20 mg flF1 40 mg £ 3K H!
R AR T 25 mL 2R, ZRY FRIAL6 h, IRRBR &
HK, B BT R R T 20 mL 545 S%Mm IR 1) H i
W, RSB, N 20 mL 7K AT 20 mL A 4,
SANUZE, HJCKER BT, WK 2T KT
1ICEY) 2 WAL~ W) B i 1 15 mL DU, 15
IS AR AN B 10 mL, =W ddE 3 h, H
LK ONAR R pH MHIAZ 3, ARJE A 30 mL 7KFI
30 mL & Hke, A A HLUZ )G SR Be AR UK AR
(15 mLX?2), &IHAPARFHFKTERRER, oK T
P 5 VR IR 46, TR A W) 4 R A JE BT s R T A
VIRER) @ VER)=1 :10], 7ll43 25 mg $E% 0 1) ] 44 3
(0.038 mmol), F=% K 21%. m.p. 165~168 C; UV-vis
(CHCls) Amax (relative intensity): 413 (1.00), 508 (0.10),
539 (0.09), 610 (0.08), 668 (0.42) nm; '"H NMR (CDCl;) &:
—1.77 (brs, 1H, NH), —1.60 (br s, 1H, NH), 1.72 (t, J=
7.6 Hz, 3H, 8-CH;), 1.81 (d, J=6.9 Hz, 3H, 18-CH,),
1.77~1.90 (m, 2H, 17a+17b-H), 2.00~2.14 (m, 1H,
17a+17b-H), 2.20~2.35 (m, 1H, 17a+17b-H), 3.80 (q,
J=17.6 Hz, 2H, 8a-H), 3.33, 3.40, 3.49, 3.59, 3.89, 4.07
(each s, each 3H, OCH;+CHs;), 4.07 (dd, /=9.2, 3.4 Hz,
1H, 17-H), 4.44 (g, J=7.1 Hz, 1H, 18-H), 6.16 (d, J=11.5
Hz, 1H, cis-3b-H), 6.36 (d, J=17.8 Hz, 1H, trans-3b-H),
6.10 (s, 1H, 15a-C=CH), 7.33 (s, 1H, 15a-C=CH), 8.09
(dd, J=17.8, 11.5 Hz, 1H, 3a-H), 8.83, 9.67, 9.74 (each
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s, each 1H, meso-H); IR (KBr) v: 3446 (N—H), 2960,
2927, 2858 (C—H), 1737, 1704 (C=0), 1674 (C=C),
1542 (chlorin skeleton), 1523, 1458, 1398, 1174, 1068,
1051 cm™ L. Anal. caled for C3sH,N,Og: C 70.13, H 6.51,
N 8.61; found C 69.89, H 6.39, N 8.68.
3.3 13°%-(RIS)-13*- 2 H i $£ M 35-d FES(5) & B

7E 100 mL [ = U I 264 mg MPd 4 (0.434
mmol), #1135 mL UKESEK i, 180 CHFH i+
HRFEERNY 12 h, O 25 o0 fa ek s Bk 25 B 3 711, 58
JEIN 40 mL /KA1 25 mL SR 2, A HLUE,
ST B IUKA(25 mLX2), & AP IFKYE
BRIR, FHG/KBR RN T 5 R I 4, R A hE I AT
EHT B UETFR: V) © VCR)=1 : 8], 3103 mg ik
RO E{A 5 (0.165 mmol), 753 38%. m.p. 217~219
C; UV-vis (CHCl;) Anax (relative intensity): 392 (1.00),
421 (0.89), 518 (0.16), 600 (0.07), 699 (0.58) nm; '"H NMR
(CDCly) 6: —2.13 (—2.05) (br s, 1H, NH), —0.20 (br s,
1H, NH), 1.63 (d, J=6.8 Hz, 3H, 18-CHj), 1.72 (1.71) (t,
J=7.6 Hz, 3H, 8-CH;), 1.97~2.12 (m, 1H, 17a+17b-H),
2.14~237 (m, 1H, 17a+17b-H), 2.42~2.57 (m, 1H,
17a-+17b-H), 2.93~3.00 (m, 1H, 17a+17b-H), 3.73 (q,
J=17.6 Hz, 2H, 8a-H), 3.32, 3.62 (3.57), 3.68 (3.66), 3.77
(3.76), 3.78 (each s, each 3H, CH;+OCHs3), 4.23 (4.65) (d,
J=8.8 Hz, 1H, 17-H), 4.57 (q, J=7.2 Hz, 1H, 18-H), 5.60
(5.39) (s, 1H, 13%-0-H), 8.90 (8.87), 9.72 (9.68), 10.38
(10.35) (each s, each 1H, meso-H), 11.54 (11.53) (s, 1H,
CHO); IR (KBr) v: 3452 (N—H), 2925, 2869 (C—H),
1736~1697 (C=0), 1630 (C=C), 1579 (chlorin skele-
ton), 1475, 1376, 1224, 1122, 1027, 989, 752 cm . Anal.
calced for C;5sH36N4O7: C 67.29, H 5.81, N 8.97; found C
69.40, H 6.00, N 8.89.
3.4 13%(RISF-BHEREREM FEE-a BE(7),
13%-(RIS)-13°- R B i 4 M 4R B%-a FAES(8)FN 12-12FR
H12- L HEEREMRER-a FES(Q)RIE K

¥ 216 mg FEMNEETSEIR-a HTiE(6) (0.368 mmol)¥y
filt 754 70 mg S EAALERET) 4 mL FF AN 4 mL G (R VR
BV, HIRARE OV, TLC A s SIS A, 6 h J5 %
NS4, JeJE AN 10 mL PR+ 40 mL 7K F1 40 mL 45
o, 2 A BUZ G SO AR AR (25 mL X 2),
HIFENUAE, FCKBER ST 55 F R T A2, BR
WA, TRV AEAERAEENT 2 B R IFHR: V(A
k) - MGR B)=1 1 1], 7511533 50 mg 7 (0.084
mmol, 23%), 40 mg 8 (0.070 mmol, 19%)#1 10 mg 9
(0.018 mmol, 5%).

7: m.p. 188~191 °C; UV-vis (CH,Cl,) Apax (relative

586 http://sioc-journal.cn/
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intensity): 667 (0.34), 609 (0.05), 534 (0.05), 505 (0.08),
413 (0.79) nm; '"H NMR (CDCl3) 6: —1.37 (—1.65) (brs,
1H, NH), —1.02 (—0.84) (br s, 1H, NH), 1.69 (t, J=7.7
Hz, 3H, 8-CHj;), 1.75 (1.73) (d, J=7.6 Hz, 3H, 18-CH,),
1.95~2.19 (m, 1H, 17a+17b-H), 2.37~2.56 (m, 2H,
17a-+ 17b-H), 2.60~2.80 (m, 1H, 17a-+ 17b-H), 3.23
(3.26), 3.40 (3.44), 3.74 (3.66), 3.88 (3.82), 4.00 (4.05)
(each s, each 1H, CH;+OCH;), 3.71 (4.72) (q, J=7.7 Hz,
1H, 8a-H), 4.48 (q, J/=7.2 Hz, 1H, 18-H), 4.58 (4.55) (d,
J=9.7 Hz, 1H, 17-H), 5.72 (5.48) (s, 1H, 13*H), 6.17
(6.16) (dd, J=11.5, 1.2, 1H, cis-3b-H), 6.32 (6.30) (dd,
J=17.8, 1.2 Hz, 1H, trans-3b-H), 8.01 (8.00) (dd, /=17.8,
11.5 Hz, 1H, 3a-H), 8.61 (8.70), 9.47 (9.55), 9.76 (9.68)
(each s, each 1H, meso-H), IR (KBr) v: 3454 (N—H),
2962, 2925 (C—H), 1728~1693 (C=0), 1610 (C=C),
1552 (chlorin skeleton), 1450, 1359, 1222, 1153, 1039,
973, 840 cm . Anal. caled for C3sHyN,O,: C 72.64, H
6.62, N 9.68; found C 72.85, H 6.42, N 9.54.

8: m.p. 203~206 °C; UV-vis (CH,Cly) Apax (relative
intensity): 392 (1.00), 500 (0.19), 508 (0.09), 610 (0.05),
668 (0.41) nm. 'H NMR (CDCls) 6: —1.99 (br s, 1H,
NH), 0.17 (br s, 1H, NH), 1.71 (t, J=7.6 Hz, 3H, 8-CHs),
1.89 (d, J=7.3 Hz, 3H, 18-CHj;), 2.27~2.45 (m, 2H,
17a+17b-H), 2.65~2.74 (m, 1H, 17a+17b-H), 2.78~
2.87 (m, 1H, 17a+17b-H), 3.27, 3.45, 3.66, 3.70 (each s,
each 3H, CH;+OCH;), 3.71 (q, J=7.6 Hz, 2H, 8a-H),
4.55 (qd, J=17.4, 2.0 Hz, 1H, 18-H), 4.78 (dt, J/=9.4, 2.0
Hz, 1H, 17-H), 6.98 (s, 1H, 13*-H), 6.20 (dd, J=11.5, 1.1
Hz, cis-3b-H), 6.31 (dd, J=17.8, 1.1 Hz, 1H, trans-3b-H),
8.04 (dd, J=17.8, 11.5 Hz, 1H, 3a-H), 8.68, 9.50, 9.58
(each s, each 1H, meso-H), IR (KBr) v: 3450 (N—H),
2925, 2854 (C—H), 1742—1697 (C=0), 1656 (C=C),
1543 (chlorin skeleton), 1459, 1283, 1164, 1084, 703
cm ! Anal. caled for CyHzN,O,: C 7232, H 6.43, N
9.92; found C 72.18, H 6.37, N 9.72.

a9 173 Bl 55 SOk [7]— 2L
3.5 12-(RIS)-12-(1-#2 T &)-12- K R E E PR $ENMHRER -
a BEs(12)B9& R

65 mg 12- FIBEIL AR 45 R-a HHE 11 (0.116
mmol)¥%& T 6 mL Ji/K THF /1, fERARYF, WK &At:
NI 0.3 mL FEEIRAREE, TLC WMV, 15 min i
MG, NS AR WO KON, I 20 mL K,
=& HE(20 mLX3)ZEI, & IFAHUH, UK
BT R, DR ER 2T, RIRDEREIREE E T 7 B
TR VER) @ V(AR =S5 : 1], 153 32 mg K fE 4
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12 (0.055 mmol), /= 47%. m.p. 220~223 C; UV-vis
(CH,Cly) Ay (relative intensity): 413 (1.00), 510 (0.11),
524 (0.13), 609 (0.10), 666 (0.46) nm; '"H NMR (CDCls) 6:
—1.26 (—1.27) (br s, 1H, NH), 0.70 (br s, 1H, NH), 1.65
(1.64) (t, J=7.6 Hz, 3H, 8-CHj;), 1.80 (1.78) (d, J=6.6
Hz, 3H, 18-CHa), 2.14 (2.01) (d, J=6.6 Hz, 3H, 12a-CH3;),
2.23~2.37 (m, 2H, 17a+17b-H), 2.51~2.73 (m, 2H,
17a-+17b-H), 3.15, 3.35, 3.63 (each s, each 3H, CH;+
OCHs), 3.60 (3.58) (q, J=7.6 Hz, 2H, 8a-H), 4.24 (4.23)
(d, J=7.2 Hz, 1H, 17-H), 4.42 (q, J=7.2 Hz, 1H, 18-H),
4.87 (br s, 1H, 12-OH), 6.15 (dd, J=11.5, 1.0 Hz, 1H,
3b-H), 6.24 (d, J/=17.8 Hz, 1H, 3b-H), 6.42 (t, J=6.6 Hz,
1H, 12a-H), 7.91 (dd, J=17.8, 11.5 Hz, 1H, 3a-H), 8.45,
9.19, 9.35 (9.33) (each s, each 1H, meso-H); IR (KBr) v:
3436 (N—H), 2924, 2854 (C—H), 1726~1678 (C=0),
1622 (C=C), 1585 (chlorin skeleton), 1483, 1373, 1283,
1014, 912, 804 cm ™' Anal. caled for C35HygN,O,: C 72.64,
H 6.62, N 9.68; found C 72.58, H 6.47, N 9.71.

3.6 12-ZErE-12-KREEREMRER-a BE5(13)89
=123

7t 25 mL (1)1 S BEh ## 139 mg 12 (0.240
mmol), fEETRY T, WIEIMA 20 mg N-F AL IE-N-
AN EHEE 15 min, FR/NEHREINA 20 mg w47
1 VU A B8 (TPAP), TLC M e i, $EdE 1.5 h 5 i 20
mL /K, #EEH, SHEAPUZE, KEH S AR,
HIFENUZ I KB RN T, BRI G kR E T 2
ERRDETTA: VEE) @ VNBD)=10 : 1], 3 75 mg
(0.130 mmol) & ([ 4 13, 773 54%. m.p. 178~181 C;
UV-vis (CH,Cl,) Anax (relative intensity): 407 (1.00), 506
(0.05), 575 (0.19), 628 (0.17), 685 (0.40) nm; 'H NMR
(CDCls) 6: 0.12 (br s, 1H, NH), 0.83 (br s, 1H, NH), 1.60
(t, J=7.6 Hz, 3H, 8b-CH;), 1.74 (d, J=7.7 Hz, 3H,
18-CH3), 2.21~2.24 (m, 1H, 17a-H+17b-H), 2.30~2.36
(m, 1H, 17a-H+17b-H), 2.51~2.60 (m, 2H, 17a-H+
17b-H), 3.01, 3.23, 3.41, 3.63 (each s, each 3H, CH;+
OCHs), 3.50 (q, J=7.6 Hz, 2H, 8a-H), 4.06 (d, J=8.8 Hz,
1H, 17-H), 4.24 (q, J=7.4 Hz, 1H, 18-H), 4.98 (d, J=20.0
Hz, 1H, 13°-H), 5.15 (d, J=20.0 Hz, 1H, 13%-H), 6.13 (d,
J=11.5 Hz, 1H, cis-3b-H), 6.19 (d, J=17.8 Hz, 1H,
trans-3b-H), 7.76 (dd, J=17.8, 11.5 Hz, 1H, 3a-H), 8.17,
8.79, 10.06 (each s, each 1H, meso-H); IR (KBr) v: 3452
(N—H), 2957 (C—H), 1732~1726 (C=0), 1608 (C=C),
1520 (chlorin skeleton), 1434, 1363, 1256, 1089, 989, 908
cm . Anal. caled for C3sHyN,O4: C 72.90, H 6.29, N
9.72; found C 72.87, H 6.43, N 9.59.
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3.7 13'-(RIS)-13Z-EK-13"- 8 £#-13-TH-13"-%£ 5
R $EM 4R BL-a FARE(14)FNL04%-18 BEE(16)BIS AL

¥ 178 mg 13- ARAE L 48R -a FTIER 10 (0.316
mmol)% T 10 mL JL/K A, fEESRY T, IKisk
AR 0.2 mL T ERALEE, TLC W R MY, 15 min &
SN 5, N S LRI A KRN, AN 20 mL
KA A RE(20 mLX )AL, A IFAHAH, FJEK
DRIRAN T8, IR RR A5, FIRYIERERAE 28T 7 2
JRFFF: VCR) © VIAR)=7 © 1], £55] 14 mg KL [H
£ 14 (0.022 mmol, 7%)F1 69 mg ZL{4[E 4K 16 (0.120
mmol, 38%).

14: m.p. 265~269 C; UV-vis (CH,Cl,) Amax (rela-
tive intensity): 409 (1.00), 503 (0.10), 534 (0.09), 601
(0.08), 666 (0.41) nm; 'H NMR (CDCl; ) J: —0.92
(—1.06) (br s, 1H, NH), —0.24 (0.33) (br s, 1H, NH),
1.12 (1.10) (t, J=7.4 Hz, 3H, 13'd-H), 1.58 (1.54) (t, J=
7.7 Hz, 3H, 8-CH;) 1.78 (1.77) (d, J=7.2 Hz, 3H,
18-CH3), 1.64~1.71 (m, 2H, 13'c-H), 1.90~2.13 (m, 2H,
13'b-H), 2.30~2.56 (m, 2H, 17a+17b-H), 2.68~2.80 (m,
2H, 17a+17b-H), 3.51 (3.41) (q, J=7.7 Hz, 2H, 8a-H),
3.07 (3.00), 3.37 (3.30), 3.58 (3.57), 3.72 (3.66) (cach s,
each 3H, OCH;+CHs), 4.47 (4.08) (t, J=7.0 Hz, 2H,
13'a-H), 4.45 (4.35) (g, J=7.2 Hz, 1H, 18-H), 5.39 (5.30)
(dd, J=8.4,2.2 Hz 1H, 17-H), 6.09 (6.07) (d, J=11.5 Hz,
1H, mrans-3b-H), 6.24 (6.19) (d, J=17.8 Hz, 1H,
cis-3b-H), 7.86 (7.77) (dd, J=17.8, 11.5 Hz, 1H, 3a-H),
8.72 (8.55), 9.39 (9.15), 9.47 (9.37) (each s, each 1H,
meso-H); IR (KBr) v: 3438 (N—H), 2923 (C—H), 1743~
1718 (C=0), 1604 (C=C), 1527 (chlorin skeleton), 1450,
1392, 1271, 1134, 1078, 900, 827 cm . Anal. caled for
C3sHuN,O,: C 7532, H 7.14, N 9.03; found C 75.17, H
7.02, N 9.29.

215 %-18 HER(16) ¥ 73 B HdE 15 SCiik[8a]— 2.
3.8 13'-(RIS)-13%-F k13" £-13"-FH 13-k 5
E R SEM B2 -a FES(15)FN401 % %-18 HES(16) & A

DAZRE IR B AR T R, b6 14 10
BT RS A AR 15 (8%) FILL [ 44 16 (33%).

15: m.p. 265~269 ‘C; UV-vis (CH,Cly) Amax (rela-
tive intensity): 409 (1.00), 502 (0.05), 534 (0.06), 601
(0.05), 662 (0.25) nm; 'H NMR (CDCly) d: —0.21
(—0.30) (br s, 1H, NH), —0.12 (br s, 1H, NH), 1.65
(1.65) (t, J=7.6 Hz, 3H, 8-CHs), 1.75 (d, J=7.3 Hz, 3H,
18-CHj), 1.87~2.08 (m, 1H, 17a+17b-H), 2.32~2.51
(m, 2H, 17a+17b-H), 2.63~2.78 (m, 1H, 17a+17b-H),
3.13 (3.12), 3.34 (3.33), 3.63 (3.58), 3.80 (3.78) (cach s,
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each 3H, CH;+OCH;), 3.63 (3.59) (q, J=7.6 Hz, 2H,
8a-H), 4.35 (q, J=7.3 Hz, 1H, 18-H), 5.07 (br s, 1H, OH),
5.41 (5.35) (dd, J=8.4, 2.9 Hz, 1H, 17-H), 5.57 (5.54) (d,
J=14.3 Hz, 1H, CH,Ph), 5.68 (5.64) (d, /=14.3 Hz, 1H,
CH,Ph), 6.15 (dd, J=11.5, 1.0 Hz, 1H, cis-3b-H), 6.27
(6.26) (dd, J=17.9, 1.0 Hz, 1H, trans-3b-H), 6.79 (6.70)
(t, J=8.4 Hz, 2H, Ph-H), 7.62 (d, J=8.4 Hz, 2H, Ph-H),
7.88 (7.86) (dd, J=17.9, 11.5 Hz, 1H, 3a-H), 7.93 (dd, J=
7.7, 1.4 Hz, 2H, Ph-H), 8.56 (8.54), 9.33 (9.30), 9.67
(9.53) (each s, each 1H, meso-H); IR (KBr) v: 3330 (N—
H), 2923, 2866 (C—H), 1737~1681 (C=0), 1649 (C=
C), 1542 (chlorin skeleton), 1392, 1305, 1168, 1041, 987,
863 ¢cm '. Anal. caled for C4H4NsOg: € 7037, H5.91, N
10.01; found C 70.13, H 6.06, N 10.24.
3.9 13%-ER-13-MMEFRRE-13-XREREM
1RE%-a FAER(17)B9E B

0% 48 mg Ny 15 (0.069 mmol)¥#fi# T 10 mL T
PRI, PRI 2 mg X FRORRRIR, ZUORY, R
J% 2 h, Y ZEBRE PR, A 20 mL ZKF1 15 mL — 540
ft, A JUZ G /A BUKAI20 mLX3), &
AN, oK T4, KBRS Sk Z T
BRI VR L VAR =25 © 1], 1913 mg 2 {4 [i]
& 17 (0.028 mmol), #* 41%. m.p. 194~197 C;
UV-vis (CH,Cly) 4. (relative intensity): 406 (0.95), 424
(1.00), 516 (0.12), 555 (0.17), 684 (0.62) nm; 'H NMR
(CDCl;) 0: —1.77 (brs, 1H, NH), —0.04 (br s, 1H, NH),
1.62 (t, J=7.7 Hz, 3H, 8a-CH3), 1.63 (d, J/=7.3 Hz, 3H,
18-CH3), 1.96~2.05 (m, 2H, 17a+17b-H), 2.27~2.43
(m, 2H, 17a+17b-H), 3.02, 3.22, 3.48, 3.57 (each s, each
3H, CH;+OCH;), 3.77 (q, J=7.7 Hz, 2H, 8b-H), 4.02 (d,
J=8.4 Hz, 1H, 17-H), 4.18~4.30 (m, 1H, 18-H), 6.20 (d,
J=11.6 Hz, 1H, cis-3b-H), 6.31 (d, J=18.0 Hz, 1H,
trans-3b-H), 7.75 (d, J=3.2 Hz, 2H, Ph-H), 7.87 (br s, 2H,
Ph-H), 8.11 (dd, J/=18.0, 11.6 Hz, 3a-H), 8.87 (s, 1H,
13'a—H), 8.01, 9.53, 9.81 (each s, each 1H, meso-H); IR
(KBr) v: 3438 (N—H), 2923, 2854 (C—H), 1739~1693
(C=0), 1620 (C=C), 1500 (chlorin skeleton), 1452,
1365, 1222, 1172, 1027, 981, 906 cm '. Anal. caled for
C4H39NsOs: C 72.23, H 5.77, N 10.27; found C 72.18, H
5.55,N 10.09.
310 3-(RIS)-3-(1-F T &)-3-E T HE E R $E M 4R B2 -
a Bfig(18)FA 3-(R/S)-3-(1-2 C £)-20- R E-3-K 2 1%
EEREM R -a FES(19)ME MK

#4200 mg AEMBENT 2% -a IS 6 (0.365 mmol)# 1
10 mL e, FIIA 0.5 mL K BEEAT 20 mL 40%K)
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WEKAS, ZERBEEE 24 b5, IO 150 mL /K, H =&
FEAI(50 mLX2), S IFAHOR, KUEM BRI e TGk
IRIREA T, AR5 EA P AL, R4H, FIRY&E
WAL T B IFH: VA i) @ (SR 4HR)=2 :
11, 479 mg &¢ [ £ 18 (0.139 mmol, 38%)F1 9 mg 41
L84 19 (0.015 mmol, 4%), 164G 18 (1153 Hr 8t 55 3¢
BR[7]—ZX. 19: m.p. 265~269 C; UV-vis (CH,Cly) Apax
(relative intensity): 413 (1.00), 515 (0.03), 540 (0.05), 616
(0.15), 673 (0.32) nm; 'H NMR (CDCly) §: —1.51 (—
1.57) (s, 1H, NH), —1.41 (—1.44) (s, 1H, NH), 1.48
(1.45) (d, J/=7.2 Hz, 3H, 18-CH3), 1.69 (t, J=7.6 Hz, 3H,
8-CH3), 1.98~2.12 (m, 1H, 17a+17b-H), 2.16 (2.21) (d,
J=6.6 Hz, 3H, 3a-CHj), 2.17~247 (m, 2H, 17a+
17b-H), 2.65~2.77 (m, 1H, 17a+17b-H), 3.16 (3.25),
3.52, 3.64 (3.63), 3.67 (3.66) (each s, each 3H, CH;+
OCHa»), 3.67 (q, J=17.6 Hz, 2H, 8a-H), 4.21~4.35 (m, 1H,
17-H), 4.82 (q, J=7.2 Hz, 1H, 18-H), 5.14 (5.13) (d, J=
19.7 Hz, 1H, 13%-H), 5.17 (5.16) (d, J=19.7 Hz, 1H,
13%H), 5.99 (5.97) (d, J=12.9 Hz, 1H, 20a-H), 6.37 (d,
J=12.9 Hz, 1H, 20a-H), 6.42~6.51 (m, 1H, 3a-H), 9.48
(9.46), 10.03 (9.99) (each s, each 1H, meso-H); IR (KBr) v:
3438 (N—H), 2923, 2864 (C—H), 1733~1693 (C=0),
1610 (C=C), 1515 (chlorin skeleton), 1450, 1363, 1222,
1095, 908, 856 cm™ '. Anal. calcd for C3sH,oN,Os: C 70.45,
H 6.76, N 9.39; found C 70.38, H 6.57, N 9.60.
311 3-BREI-ECHEEREMRE-a FE(21)
BIE B

¥ 118 mg FEFLEEM2ER-d IS 20 (0.214 mmol)i#%
fift T 7 mL &P 7 mL FRERR AT, 0 CHiRE
ZAT R, ¥R T 5 mL HEEIK 40 mg #EALH9(0.214
mmol)ZE i I A FE ST, TLC WS vatkRe, K
295 min RV, 0 VAR A 15 mL /KR 10
mL S, ANV, JoKBRBRAN T 5 W4, ik
AT JEHT o BRI VOA ) @ (IR CER) =2 :
1], 57 &5 62 mg Zr A [f 44 21 (0.111 mmol), 7% 53%.
m.p. 212~215 °C; UV-vis (CH,Cl,) Ay (relative inten-
sity): 409 (1.00), 507 (0.10), 531 (0.09), 603 (0.08), 658
(0.42) nm; '"H NMR (CDCly) §: —1.85 (br s, 1H, NH),
0.08 (br s, 1H, NH), 1.70 (t, J=7.6 Hz, 3H, 8-CHj), 1.81
(d, J/=7.2 Hz, 3H, 18-CH;), 2.23~2.33 (m, 2H, 17a+
17b-H), 2.54~2.69 (m, 2H, 17a+17b-H), 3.27, 3.43, 3.62,
3.66 (each s, each 3H, CH;+OCHs), 3.68 (q, J=7.6 Hz,
2H, 8a-H), 4.25 (d, J/=8.4 Hz, 1H, 17-H), 4.47 (q, J=17.2
Hz, 1H, 18-H), 5.07 (d, J=19.6 Hz, 1H, 13%H), 5.20 (d,
J=19.6 Hz, 1H, 13*-H), 5.88 (d, J=12.4 Hz, 1H, 3a-H),
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5.91 (d, J=12.4 Hz, 1H, 3a-H), 8.56, 9.43, 9.44 (each s,
each 1H, meso-H); IR (KBr) v: 3421 (N—H), 2958, 2925
(C—H), 1733~1691 (C=0), 1610 (C=C), 1542 (chlorin
skeleton), 1452, 1363, 1222, 1172, 1029, 979, 908 cm .
Anal. caled for C3;HyN,O4 C 71.72, H 6.57, N 10.14;
found C 71.65, H 6.50, N 9.98.

3.12 12-FHE-12-XBREERIEMFER-a BE5(9)HY
&R

PL12- AL A I e SR R -2 FER(10) AR AR I Bk
H4ER-d FRIR(20), % BHI&L&W 21 KTk, 15
SR 4K 22, PR 53%. A HT G S SCRR[S]— 2L
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