Chinese Journal of Organic Chemistry

% *ﬂ; {& % DOI: 10.6023/cjoc201207022 ARIEX

EREMRER-d BRI L FRIF EMERRLX SN ITEM S

_ N ) 3 > </, & b
IR OB R oal B KFER NRE
(MG R T2 B S 264005)
C IR 4 TRBAPIT R OCTEN) MG 264005)

EH

WE R ERET=YRS OB 1EYT I B BT, O TSR B S ORI, LUl iR-d H
P A af ek, Wi S5 W . Knoevenagel Jx W . Hener . Tiffeneau-Demjanov B HE. Friedlaender 45 Flik
JRAEZE LAk 27 S NS H ISR AN A MR BB SE AL 2B, 7F CR)-Di AN ME E- L T AR 2 450, Sl — &R
FI R A SR B AR LSRN S AT AR, TR T 2 T AT RS- WO L T R AR, I AR B A X
AR T AT AR R NHLER. BT I SRR AT AR AR G R 3 46 UV, IR, "H NMR Kt 3 /113 LAAIFSE.

REEE gk F-a; ANy BB R-d R, LAE e

Chemical Modification of Methyl Pyropheophorbide-d and
Synthesis of Chlorophyllous Chlorin Derivatives
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Abstract Chlorophyllous degraded products are ideal synthetic precursors for the synthesis of photodynamic therapy drugs.
To obtain chlorophyllous photosensitizer, methyl pyropheophorbide-d was used as starting material, and its formyl and car-
bonyl groups on E-ring were modified by allomerization, Knoevenagel reaction, Hener reaction, Tiffeneau-Demjano rear-
rangement, Friedlaender condensation and reduction to build different chemical structures at 3-position and exocyclic E-ring.
A series of chlorins with basic skeleton of chlorophyll were synthesized, and the relations between the molecular structures
and their UV-Vis spectra were discussed. The possible mechanisms about corresponding reactions were tentatively proposed.
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The structures of new-reported chlorophyll derivatives were characterized by UV, IR, '"H NMR and elemental analysis.
Keywords chlorophyll-a; chlorin; methyl pyropheophorbide-d; chemical modification
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LER-d LRG3, 10%), 13°47 5 a- A ZZ Yy i (4,
S%)FIARI ) 13247 AR BT SR BR-d. FR(S, 3%).
5 AL R W H L 1) Knoevenagel [ W A[H], 1b 5 Z ik
AT ) 46 5 AT T TR TR SN =4, 1T A A 46% 17
R 3b-17 LRI AR I BE I SR FH R (6);  (E Bk
PR, 1b STiE3E I Be ] CUBR) & 2E Hener [ MY,
BT e R g 307 AT A dor I A A 1) Ay
(LA, IEFFE] 13% 0034 5= 49)-3- 12 3 4 i At -4t
12-a HiE(8) (Scheme 1).

TEME A T 220 B S¢ R -d TR 1a HEAT Y
AL, BT TR AME BRI, e
HARRE b 2 B 14% UL EHE 9 C(3)-H!
FEHRLLI 4R 55-18 (9); iAE SRR AT Ittt bk, 45
AT B0 22 1) AR 1322 L B SRR -d TG (10).
1b 5EEHF %M Tiffeneau-Demjanov FHE 2 W A4E f 3-
SR IEIUAR I bWy 11, gkal 5 A8 S L2 I k2
Friedlaender 454, 432 H 23%M C(3)-MsMRIE AR () 45
B SR IR -a FR(12). EhRFERE S &) 1b I AI B4
P I SL R PR G 1, AEA3 3 50% [0 K — & w4 i
(), DL 18%[F 7= 265y 25t &M k5 (14),
FERRPEZ A N S AR HEAT IR IR, AR I 7
33 AN (15, 32%) (Scheme 2).
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5 1320 b4 S R H - P (1 S0 R &by
C AR T FAEARXS mA e T R (63, =11.36, 62=
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Reagents and conditions: (a) AcOH/110 °C; (b) EtONa/EtOH; (c) TEA/CHy(Ac),; (d) CH3NOL/TEA/MeOH

Scheme 1
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Reagents and conditions: (a) LiOH/MeOH/THF; (b) AcOH/80 T ;

NH,OH+HCI/MeOH; (f) TFA/NaBH4/AcOH.

(¢) CHzN/MeOH/CH,Cly; (d) NaOEYEtOH/0-H,NCsH,CHO; (e)

Scheme 2

Xl vill s~ 1165

N

4 H,c0,C
A B

H3CO,C

§=1147 o

HaCO,C NC
MPPd c

B 1 AR 2= TR S L R R B3R G5 5 S S e
Figure 1 The structures of E-ring of methyl pyropheophorbide-d and its homologs and their reactivities
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Figure 2 The reactions of C(3)-vinyl group and cabonyl group of E-ring of methyl pyropheophorbide-d
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Figure 3 Structural transformation of carbonyl groups along N*'-N** axis of methyl pyropheophorbide-d and their maximum wave-

lengths
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HFE FBEX C(3)-FmEFERT Hener 2 N ABAAN 52 %
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3 XBEH
31 E5IRFT

JCZE M Perkin-Elmer 2400 %7624 B A0l 5z ;

IR H Perkin-Elmer 1730 2140366 A 52 (KBr He
F); UV-vis I UV-160A B4 I0OEEETHIE; 'H
NMR ] Brucker ARX-400 BZ s LRGN 2, WA
TMS. BRI A o W ai Fnfb i gt et 4 ik-d
Pi 1a 42 HESCHER[O] I 45 ARIBLBEIT SR -d TG 1b 45T
HR[ 10171 4%
32 13-Z2E#-13" 13- %K 5-13"- L FE R EMF4-
d FEE(2). ERiEMEF8-d ZHEE(3). 13- EE &R
H4385-d FES(4)F0 13- F R E R EMFE5-d BAES(5)HY
=304

7t 25 mL [J Schlenk RN HIIA 15 mL LFE, F
I 20 mg S JE 4N, Frdlid e AR NV AR RTINS A
210 mg 1b (0.330 mmol)fJ 2 mL VAW, Jie 'S R N4
BEZE, 75100 C RHEHE RN 5 h. AHGEHEITieZE, ¥
NAEIN 20 mL 25%(1) L8 4 3 min, JIIA 30 mL
TR, A NUE, AU HKBER IR, oK
FRENT-H, PR 2550, T A i il A 2 0 25 [ Mot ) -
VOEC.?) © MLTRATER)=1 : 4115 26 mg MR [H 14 2
(0.046 mmol, 14%), 19 mg ZL{AFE{A 3 (0.034 mmol,
10%), 10 mg #5214, [ 44 4 (0.017 mmol, 5%)F16 mg F {4,
[ 44 5 (0.010 mmol, 3%).

2: m.p. 154~157 C; UV-vis (CHCl3) Ap. (relative
intensity): 385 (0.89), 426 (1.00), 516 (0.17), 549 (0.14),
693 (0.81) nm; 'H NMR (400 MHz, CDCl;) §: —2.58 (br
s, TH, NH), —0.60 (br s, 1H, NH), 1.47 (t, J=7.0 Hz, 3H,
13'-OCH,CHs), 1.63 (t, J=7.6 Hz, 3H, 8-CH;), 1.93 (d,
J=7.2 Hz, 3H, 18-CH;), 2.23~2.45, 2.56~2.64, 2.75~
2.82 (each m, all 4H, 17a+17b-H), 2.71, 3.15, 3.58, 3.71
(each s, each 3H, CH;+OCH,), 3.57 (q, J=7.6 Hz, 2H,
8a-H), 4.04 (qd, J=19.2, 7.0 Hz, 1H, 13'-OCH,CHj3), 4.12
(qd, J=19.2, 7.0 Hz, 1H, 13'-OCH,CHj3), 4.38 (q, J=7.4
Hz, 1H, 18-H), 4.63 (d, J=8.6 Hz, 1H, 17-H), 6.86 (s, 1H,
13%-H), 8.89, 9.50, 10.12 (each s, each 1H, meso-H), 11.40
(s, 1H, CHO); IR (KBr) v: 3470 (N—H), 2968, 2933 (CH),
1738, 1697 (C=0), 1601 (C=C), 1524 (chlorin skeleton),
1363, 1171, 1054, 811 ¢cm '. Anal. caled for CssH;3sN,Oy:
C 72.64, H 6.62, N 9.68; found C 72.57, H 6.77, N 9.90.

3: m.p. 173~176°C; UV-vis (CHCl;) Apa (relative
intensity): 389 (0.88), 414 (1.00), 521 (0.13), 553 (0.13),
694 (0.54) nm; 'H NMR (400 MHz, CDCl;) §: —0.30 (br
s, 1H, NH), 0.65 (br s, 1H, NH), 1.18 (t, J=7.1 Hz, 3H,
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17-CO,CH,CH3;), 1.66 (t, J=17.6 Hz, 3H, 8-CHj3), 1.86 (d,
J=17.3 Hz, 3H, 18-CHj;), 2.26~2.33, 2.55~2.63, 2.69~
2.77 (each m, all 4H, 17a+17b-H), 3.20, 3.65, 3.73 (each
s, each 3H, CH;+0OCH,), 3.62 (q, J=7.6 Hz, 2H, 8a-H),
4.09 (q, J=7.1 Hz, 2H, 17-CO,CH,CHj3), 4.38 (d, J=8.6
Hz, 1H, 17-H), 4.57 (q, J=7.3 Hz, 1H, 18-H), 5.17 (d, J=
19.9 Hz, 1H, 13*H), 5.33 (d, J=19.9 Hz, 1H, 13%-H),
8.80, 9.45, 10.12 (each s, each 1H, meso-H), 11.45 (s, 1H,
CHO); IR (KBr) v: 3464 (N—H), 2948, 2906 (C—H),
1729, 1697 (C=0), 1605 (C=C), 1505 (chlorin skeleton),
1441, 1258, 1166, 1174, 1085, 909 cm™'. Anal. calcd for
C343H3¢N4Oy4: C 72.32, H 6.43, N 9.92; found C 72.16, H
6.50, N 9.79.

4: m.p. 180~183 ‘C; UV-vis (CHCl3) Ay (relative
intensity): 413 (1.00), 514 (0.15), 548 (0.11), 661 (0.21),
694 (0.62) nm; 'H NMR (400 MHz, CDCl;) 6: —2.47 (br
s, 1H, NH), —0.57 (br s, 1H, NH), 1.45 (t, /=7.1 Hz, 3H,
13-0CH,CHs), 1.68 (t, J=7.6 Hz, 3H, 8-CH3), 1.72 (d,
J=17.3 Hz, 3H, 18-CHj;), 1.88~1.94, 2.24~2.38, 2.46~
2.64 (each m, all 4H, 17a+17b-H), 3.25, 3.65, 3.70, 3.77
(each s, each 3H, CH;+OCHs3), 3.64 (q, J=7.6 Hz, 2H,
8a-H), 4.26 (qd, J=19.0, 7.0 Hz, 1H, 13>-OCH,CHj,), 4.46
(qd, J=19.0, 7.0 Hz, 1H, 13*-OCH,CH3), 4.48 (d, J=8.8
Hz, 1H, 17-H), 4.67 (q, J=7.2 Hz, 1H, 18-H), 6.76 (6.74)
(s, 1H, 13%-H), 8.91, 9.50, 10.21 (each s, each 1H, meso-H)
11.49 (s, 1H, CHO); IR (KBr) v: 3447 (N—H), 2933, 2872
(C—H), 1741, 1707 (C=0), 1600 (C=C), 1546 (chlorin
skeleton), 1452, 12440, 1104, 1047, 909, 710 cm '. Anal.
calcd for C;5H3gN4Os: C 70.69, H 6.44, N 9.42; found C
70.56, H 6.40, N 9.71.

5: m.p. 191~194 C; UV-vis (CHCI;) Anay (relative
intensity): 420 (1.00), 520 (0.12), 668 (0.23), 702 (0.41)
nm; 'H NMR (400 MHz, CDCl;) 6: —0.30 (br s, 1H, NH),
0.65 (br s, 1H, NH), 1.74 (t, J=7.6 Hz, 3H, 8-CHs3), 1.90
(d, J=7.4 Hz, 3H, 18-CH;), 1.97~2.07, 2.25~2.43,
2.67~2.85 (each m, all 4H, 17a+17b-H), 3.37, 3.60, 3.81,
3.84 (each s, each 3H, CH3;+OCH3;), 3.76 (q, J=7.6 Hz,
2H, 8a-H), 4.69 (q, J=7.4 Hz, 1H, 18-H), 5.18 (d, J=7.7
Hz, 1H, 17-H), 9.09, 9.81, 10.63 (each s, each 1H,
meso-H), 11.54 (s, 1H, CHO); IR (KBr) v: 3463 (N—H),
2932, 2859 (C—H), 1731, 1719, 1708 (C=0), 1628 (C=
C), 1562 (chlorin skeleton), 1467, 1380, 1264, 1107, 1028,
805 cm'. Anal. caled for C33H;,N4Os: C 70.20, H 5.71, N
9.92; found C 70.02, H 5.60, N 10.07.
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3.2 3b-ZELEEREMFER-a FE(6)RIE

¥ 68 mg FEMEMT SR IR-d B 1b (0.124 mmol)¥#¥
fift-1> 10 mL PUZURERS, 7EI0AN 0.1 mL = Z &5, 1812
INEET 5 mL PUSIKI 68 mg LHEARE, & il i H
V46 h. [i] RNARZR I 20 mL ZKFT 20 mL 50,
S thANLZ, KZEH &R I(15 mLX3), &I
BUZIEKBE, FJCKOR RSN 5 sk vk 4, mk At )=
W B RITH: VOl @ MR OED)=3 : 1], 45
34 mg A [E A 6 (0.057 mmol, 46%). m.p. 208~211 C;
UV-vis (CHCI3) Anax (relative intensity): 421 (1.00), 516
(0.14), 548 (0.12), 623 (0.10), 684 (0.62) nm; 'H NMR
(400 MHz, CDCl3) 6: —1.90 (br s, 1H, NH), 0.02 (br s,
1H, NH), 1.72 (t, J=17.6 Hz, 3H, 8-CHj;), 1.85 (d, J=7.2
Hz, 3H, 18-CHj;), 2.26~2.32, 2.55~2.64, 2.68~2.77
(each m, all 4H, 17a+17b-H), 2.72, 3.30, 3.54, 3.62, 3.71
(each s, each 3H, CH;+OCH3), 3.75 (q, J=7.6 Hz, 2H,
8a-H), 4.36 (d, J/=8.0 Hz, 1H, 18-H), 4.56 (q, J=7.4 Hz,
1H, 18-H), 5.17 (d, J=19.8 Hz, 1H, 13*-H), 5.32 (d, J=
19.8 Hz, 1H, 13%-H), 7.38 (d, J=16.4 Hz, 1H, 3a-H), 9.03
(d, J=16.4 Hz, 1H, 3a-H), 8.76, 9.54, 9.64 (each s, each
1H, meso-H); IR (KBr) v: 3457 (N—H), 2929 (C—H),
1741, 1707 (C=0), 1653 (C=C), 1566 (chlorin skeleton),
1464, 1382, 1267, 1097, 733 cm ' Anal. caled for
C36H3sN4O4: C 73.20, H 6.48, N 9.48; found C 73.06, H
6.70, N 9.69..

3.3 3-(1-BE-2-tHE CE)-3-K 2 G E & It #5142 -
a BES(7)f1 3-RBE-3-E 2 HEEMEMLRER-a BES
(8)HIE L

FEHAT 1 mL = LR 10 mL 50 F B fR 106
mg 1b (0.193 mmol), FFIIA 1 mL fiFE Fhe. =i Bis
SN 10 h, SEJE 1 VAR RN 30 mL /K 1 mL Z A
20 mL HUHEE, 2 A HUZIRKTEPIR, T8 s
WA, RERHEZ M B R V(A hEE) - (LR L

§)=3:1], £33 69 mg LA 7 (0.112 mmol,
58%)H1 14 mg ML {4 444 8 (0.025 mmol, 13%).

7: m.p. 214~217 C; UV-vis (CHCL) Anay (relative
intensity): 410 (1.00), 506 (0.10), 536 (0.09), 608 (0.08),
666 (0.61) nm; 'H NMR (400 MHz, CDCl;) §: —2.05 (br
s, 1H, NH), 0.03 (br s, 1H, NH), 1.72 (t, J=7.8 Hz, 3H,
8-CHj3), 1.82 (1.80) (d, J/=7.4 Hz, 3H, 18-CHj), 2.27~
2.35,2.57~2.70 (each m, all 4H, 17a+17b-H), 3.27, 3.45,
3.66, 3.67 (each s, each 3H, CH;+OCH;), 3.72 (q, J=7.6
Hz, 2H, 8a-H), 4.28 (4.26) (q, /=7.3 Hz, 1H, 17-H), 4.51
(dd, J=38.0, 1.2 Hz, 1H, 17-H), 4.93 (d, J=13.2 Hz, 1H,
3b-H), 5.10 (5.08) (d, J=20.0 Hz, 1H, 13%-H), 5.24 (5.20)
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(d, J=20.0 Hz, 1H, 13*-H), 5.45 (dt, J=13.2, 3.2 Hz, 1H,
3b-H), 6.88 (dt, J=3.2, 9.6 Hz, 1H, 3a-H), 8.60 (8.59),
9.49 (9.48), 9.56 (9.57) (each s, each 1H, meso-H); IR
(KBr) v: 3394 (N—H), 2941, 2850 (C—H), 1741, 1692
(C=0), 1611 (C=C), 1533 (chlorin skeleton), 1454,
1380, 1223, 1091, 902, 728 cm '. Anal. caled for
C34H37NsO4: C 66.76, H 6.10, N 11.45; found C 66.64, H
6.23, N 11.32.

8: m.p. 203~206 C; UV-vis (CHCl3) Ay (relative
intensity): 318 (0.23), 410 (1.00), 504 (0.11), 536 (0.10),
606 (0.09), 662 (0.55) nm; 'H NMR (400 MHz, CDCL5) ¢:
—1.85 (br s, 1H, NH), 0.08 (br s, 1H, NH), 1.70 (t, J=7.6
Hz, 3H, 8-CHs3), 1.81 (d, J=7.2 Hz, 3H, 18-CHj3), 2.23~
2.33, 2.54~2.69 (each m, all 4H, 17a-+17b-H), 3.27, 3.43,
3.62, 3.66 (each s, each 3H, CH;+OCH;), 3.68 (q, J=7.6
Hz, 2H, 8a-H), 4.25 (d, J=8.4 Hz, 1H, 17-H), 4.47 (q, J=
7.2 Hz, 1H, 17-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), 591 (d, J=12.4 Hz, 1H, 3a-H), 8.56, 9.43, 9.44
(each s, each 1H, meso-H); IR (KBr) v: 3453 (N—H),
2930, 2858 (C—H), 1740, 1697 (C=0), 1641 (C=C),
1565 (chlorin skeleton), 1448, 1382, 1264, 1106, 1049,
806 cm'. Anal. caled for C33H;36N4O4: C 71.72, H 6.57, N
10.14; found C 71.56, H 6.70, N 10.02.

3.4 J-HEIELTS%E-18 HES(RIEK

96 mg FEMEBENT Z-FR-d F G 1a (0.174 mmol) %1
T30 mL DU, fEINA A A AL EAE AN 2 mL
RV, o FRZE = WAEHE 6 h. A 25 mL KoK, 2R
JaBeEE N IR SRR, T pH oA 2~3, A 25 mL —
AP, H oS R EEABUKAAS mLX2), &Ff
BUZ, KVE, FJGKBRBR ST, ZWER 250, K5
FHA T 250 mL 77 SYou B 1R (1) R v 57, sk di
P SEJE I 300 mL /KA1 300 mL & L2,
I HATHURR IR BE P IR, T 5 BR 25050, KRR )i
AR E M B R IFH: (LR LH8) - VOE S k) =1 : 4]
3 15 mg FAE A 9 (0.024 mmol, 14%). HAHEH HU%
S3 BT 5 SR 11]— 3
3.5 132-(R/S)-132-%%5%%[11'2%@?@ HEE(10)A & R

H 112 mg BB 2812 -d HiE 1a 0.176 mmol)#¥ i T
25mL SRR, T RBHRTAE 80 CAKATEASS
PEPE RN 24 h, VAR FEW S NN 25 mL 7K1 25 mL —
AP, H A PRI K6 mLX2), &I
AHZ, Jelm K. BRIR SR A ORI K UE s, G
KU RN 458, s BRVA 7, TR v S5 ) o e R e
Ak A A ) I SR R 2, K TR AR AT S T O
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RAVIETFR - M CIRLER) - VAECKD) =1 : 4143 30
mg TEE A 137 BB 4ER-d R 10 (0.048
mmol), 5% N 27%. m.p. 235~238 ‘C; UV-vis (CHCl;)
max (relative intensity): 386 (0.94), 422 (1.00), 516
(0.115), 548 (0.14), 696 (0.77) nm; '"H NMR (400 MHz,
CDCl3) §: —2.13 (—2.05) (br s, 1H, NH), —0.20 (br s,
1H, NH), 1.63 (d, J=6.8 Hz, 3H, 18-CH3), 1.72 (1.71) (t,
J=17.6 Hz, 3H, 8b-CH;), 1.97~2.12, 2.14~2.37, 2.42~
2.57,2.93~3.00 (each m, all 4H, 17a+17b-H), 3.32, 3.62
(3.57), 3.68 (3.66), 3.77 (3.76), 3.78 (each s, each 3H,
CH;+OCHs;), 3.73 (q, J=7.6 Hz, 2H, 8a-H), 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%-0O-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: 3484 (N—H), 2931 (C—H), 1740,
1705 (C=0), 1609 (C=C), 1549 (chlorin skeleton), 1439,
1379, 1226, 1193, 904 cm ™ '. Anal. Calcd for C35sH3¢N,O5:
C 67.29, H 5.81, N 8.97; found C 67.39, H 5.70, N 9.12.
3.6 3-(2-MEMEE)]-3-EZHEEREMNFER-a Bis
(12)H9& M

73 mg LA 11 (0.129 mmol)i%fiE T 3 mL PUAL
W, A 15 mL SRERY LB (FE 15mL Bk &
B 80 mg < JEHY), RGN 40 mg Wz AR H
B, RAARYT N EWEPEE 2 d, IS 20 mL 25%[1 2
PRV WL pH A 2~3), PRI 30 mL &0 E, KR
M &R R, T8, HEE TR R, Rk
G 5 ZAERAE N B IUE R VoA k) - (s s
fig)=3 : 1], 4 20 mg LKL &4 12 (0.030 mmol), 7=
K 23%. m.p. 201~204 C; UV-vis (CHCL3) Ay (rela-
tive intensity): 411 (1.00), 507 (0.10), 537 (0.08), 556
(0.05), 608 (0.07), 665 (0.43) nm; 'H NMR (400 MHz,
CDCl3) 8: —1.60 (br s, 1H, NH), 0.30 (br s, 1H, NH),
1.65 (t, J=7.6 Hz, 3H, 8b-CH3), 1.78 (d, J=7.2 Hz, 3H,
18-CH3), 2.27~2.50, 2.64~2.76 (each m, all 4H, 17a+
17b-H), 3.01, 3.43, 3.65, 3.70 (each s, each 3H, CH;+
OCHs), 3.68 (q, J=7.6 Hz, 2H, 8a-H), 4.36 (d, J=8.4 Hz,
1H, 17-H), 4.56 (q, J=7.2 Hz, 1H, 18-H), 5.16 (d, J=19.8
Hz, 1H, 13%-H), 5.36 (d, J=19.8 Hz, 1H, 13%-H), 7.79 (d,
J=7.6 Hz, 1H, Qu-H), 7.95 (d, J=7.2 Hz, 1H, Qu-H),
8.14 (d, J=7.8 Hz, 1H, Qu-H), 8.42 (d, J=8.4 Hz, 1H,
Qu-H), 8.90 (d, J=2.0 Hz, 1H, Qu-H), 9.60 (d, J=2.0 Hz,
1H, Qu-H), 8.71, 9.17, 9.56 (each s, each 1H, meso-H); IR
(KBr) v: 3475 (N—H), 2929, 2859 (C—H), 1740, 1700
(C=0), 1622 (C=C), 1578 (chlorin skeleton), 1455,
1225, 1067, 1024, 986 cm !, Anal. calcd for C41H39N505:
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C 75.79, H 6.05, N 10.78; found C 75.66, H 5.93, N 10.55.
37 J-"“HEHHE XZHEEEREMFEER-a Bl
(13)%0 3-R5 & 3- A CIHEE M EM 4R -a BEE(14)09 &
X

¥ 140 mg MPPd 1b (0.254mmol) ¥#f# T 10 mL H
b, AV T 15 mL R[] 160 mg ShERFEI%, FRIMA
0.2 mL WKERMR, SWPEFE 2 h, WA 20 mL /KA1 30 mL
AR AT R NAR R A, AR A A
FHOKIZ(15 mLX3), &IFAPAHIFKBE, JCKmER
T4, BRI HG & BB BRI VOR) ¢
V(NEH=10 : 1], 53] 72 mg &4 13 (0.127 mmol,
50%) A1 28 mg ZE(4 774 14 (0.046 mmol, 18%).

13: m.p. 235~238 C; UV-vis (CHCl3) Ayux (relative
intensity): 416 (1.00), 512 (0.13), 542 (0.11), 618 (0.09),
678 (0.56) nm; 'H NMR (400 MHz, CDCl;) §: —2.15 (br
s, |H, NH), —0.06 (br s, 1H, NH), 1.59 (t, J=7.6 Hz, 3H,
8-CH;), 1.84 (d, J=7.2 Hz, 3H, 18-CH;), 2.40~2.45,
2.53~2.68, 2.77~2.82 (each m, all 4H, 17a-+17b-H),
3.04, 3.46, 3.67, 3.70 (each s, each 3H, CH;+OCHj3), 3.48
(q, J=7.6 Hz, 2H, 8a-H), 432 (d, J=8.4 Hz, 1H, 17-H),
4.55 (q, J=7.2 Hz, 1H, 17-H), 5.16 (d, J=19.6 Hz, 1H,
13%-H), 5.35 (d, J=19.6 Hz, 1H, 13*-H), 8.51 (br s, 1H,
3a-HC = NOH), 8.56, 9.42, 9.63 (each s, each 1H,
meso-H); IR (KBr) v: 3428 (N—H), 2937, 2859 (C—H),
1731, 1691 (C=0), 1634 (C=C), 1492 (chlorin skeleton),
1386, 1226, 1171, 992 cm ™ '. Anal. caled for CssH;sNs0,:
C 70.07, H 6.24, N 12.38; found C 69.89, H 6.11, N 12.56.

14: m.p. 194~197 °C; UV-vis (CHCI3) Ay (relative
intensity): 416 (1.00), 514 (0.13), 542 (0.11), 618 (0.09),
678 (0.56) nm; 'H NMR (400 MHz, CDCl;) §: —1.78 (br
s, 1H, NH), —0.11 (br s, IH, NH), 1.73 (t, J=7.6 Hz, 3H,
8-CH;), 1.85 (d, J=7.2 Hz, 3H, 18-CH;), 2.22~2.39,
2.53~2.64, 2.66~2.78 (each m, all 4H, 17a+17b-H),
3.30, 3.53, 3.64, 3.71, 3.74 (each s, each 3H, CH;+
OCH,), 3.73 (q, J=7.6 Hz, 2H, 8a-H), 4.35 (d, J=8.4 Hz,
1H, 17-H), 4.52 (q, J=7.2 Hz, 1H, 17-H), 5.17 (d, J=20.0
Hz, 1H, 13%H), 5.32 (d, J=20.0 Hz, 1H, 13°-H), 6.87 (s,
1H, 3a-H), 8.63, 9.55, 9.80 (each s, each 1H, meso-H); IR
(KBr) v: 3398 (N—H), 2929, 2873 (C—H), 17337, 1693
(C=0), 1625 (C=C), 1503 (chlorin skeleton), 1387,
1176, 1122, 995 cm™'. Anal. caled for Cs3sHyN,Os: C
70.45, H 6.76, N 9.39; found C 70.70, H 6.59, N 9.47.

3.8 13- E EREMFEE-d FEE(15)ME M
¥ 59 mg L&) 14 (0.099 mmol)¥fi# T 10 mL 454
g, B ImL =5 48R, 0 CFF 15 min WA
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150 mg EALEN, FHEE SHEIFHFERY 3 hy I 80
mL A GBI RE 2 min, PRI 150 mL
80%I1) LIRS0 CHEFE 1 hy SEf5 A 200 mL /KF
250 mL —HEAEEHEAT R, AK)EH S P EEAR (80
mL X 2); &I PRI KUEE:, LAIC/KB RN T4,
T B 259850, J2RTRE S BV IR (LR L) =
3:1), 188] 17 mg AR EE A 15 (0.032 mmol), 7%
32%. UV-vis (CHCl;) Apax (relative intensity): 418 (1.00),
514 (0.11), 550 (0.08), 610 (0.06), 664 (0.36) nm; 'H NMR
(400 MHz, CDCl3) 6: —2.78 (brs, IH, NH), —1.16 (brs,
1H, NH), 1.68 (t, J=7.0 Hz, 3H, 8b-CH3), 1.78 (d, J/=7.3
Hz, 3H, 18-CHj3), 2.10~2.32, 2.48~2.78 (each m, all 4H,
17a+17b-H), 3.32, 3.35, 3.55, 3.75 (each s, each 3H,
CH;+O0CH,), 3.70 (q, J=17.6 Hz, 1H, 8a-H), 3.97 (br s,
2H, 13'-H), 4.38 (d, J=8.6 Hz, 1H, 17-H), 4.57 (q, J=7.1
Hz, 1H, 18-H), 4.62~4.88 (m, 2H, 13%-H), 8.90, 9.29,
10.38 (each s, each 1H, meso-H), 11.58 (s, 1H, CHO); IR
(KBr) v: 3417 (N—H), 2929, 2873 (C—H), 1740 (C=0),
1608 (C=C), 1504 (chlorin skeleton), 1458, 1374, 1171,
1066, 993 cm™'. Anal. caled for C33H3N,O5: C 73.85, H
6.76, N 10.44; found C 73.63, H 6.70, N 10.59.
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