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Synthesis of (Methylenated)vinylated Chlorophyllous Chlorins and
Study on Their Photosensitive Bactericidal Activities
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Abstract Pheophorbide-a and b methyl esters, as initial degraded products from chlorophyll-a and b, were used as starting
materials, and the hydroxylmethylic or formylic structures were established making use of the active reaction regions on chlo-
rin periphery by some common reactions, such as aldol condensation, allomerization, oxidant oxidation. The methylene or
vinyl groups possessing higher reactivity were introduced at different site around chlorin pericycle by Grignard reavtion, ac-
id-catalyzed dehydration and rearrangement reaction in E-ring. A series of unreported chlorophyllous chlorins substituted by
multi-terminal alkenyl group were synthesized and their chemical structures were characterized by elemental analysis, UV, IR
and "H NMR spectra. The in vitro photosensitive bactericidal activities of new chlorins were discussed and the possible mech-
anisms about corresponding reactions were tentatively proposed.
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JEL A SO P ) S SRR OB, A R R
TR e AN S FH 5 P 4 3R 28 — A by ST 1

A LA BRI 2R R e e S5Ok, A R IR b )
P S B2 X 3 Stk 22480, TEAS R AL B 513 s 2
B LRI, FEREETE AL S VI AT B Re e i, SERK
T — R YR DLARTE 1) 2 o A 1k AR £ 22 28 — &b
WMATAEVI A R, R, X & P LR g
PEEAT T I

TEMUELL S, BB S R-a 1 ER(1a, MPa) 1 40%T1
FH I 7KV VB R A SR A N I I 25 HE 22 o) e A AR TR
2, T ESEALH BB IR, 2 EH 15a-F
I dk ANy -es 3 (27%) R/ B IR BRI N
Fig 4 (4%). 0 FAE S AL BN AN BBV P 515 MPa
52 RWEE N, W53 345 tH =% g R &0k
WIRTAEYD 5 (12%) 6 (8%) A1 7 (26%). 16 F5 Bt - 41 1k -
b HEE(1b, MPb)5 IR JRALBERFATHE IR B, L 56%H
PERER| AN EERE 8. AEX HORERER AL R, T
R RO HEAT BR AR A B K, R BB 45 SR 25 T 70 5
R FIREW, KIRTFCAHHTE 7-17 T Rb ik U ) XU
LIRFEERH) —Z bWy 8 (Scheme 1).

A RS LR AR T AR IR B 2R R TERR M 2
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OCH,
1aR = CHg, 1b R = CHO
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H,CO
OCH;
) 5R = CH,0H
8 6 R = CHO

7 R = OCHj,

PSR A IO, TR B Y 38% M AN Wy AR 10, FE&
At 5 R ERAERER, 53] 12-FE
AR Ny S 11 (21%), FFIEIRALEE 5 HLBE T %
R N BEPE L R AR AT 12-07 R b, B8 K G 2
BHEH =SS ANy 12 (41%); 1 &Nk
W A7 (10) -5 FF S VR AL B8 1A% TR R A e A 7E B3R 1
M g 2 b, DA &5 7= 3R 2 W B ) — A Wy 0
13 (42%), #kSAE 2R Ao i it 8 10 B /K, TRDFE el
TrevpR e Ei H, RPFSHANER 13- T Mgk
IR AT 13 MPPa (9a)ff) 3-07 2@ 4 D04 4L
RN = RN I A T B B2, B LR R
HISRRZ B A2 B 51% 0 — & nhwy g 14, FiEH DY IE
P34 FR B (TPAP)FI N-FRIE NIk N-4201k ¥ (NMMO)
TREEAH, B H AR C3)-J A LI B I — &b
Wy M 15 (47%). 2Ny 9b 5 HIEIRALBER % I
RBLNGF LY B 57% 0 AN iE 16, #E— P HIER
AL B 7K U 7 77 R B A B Ry T 17 (68%)
(Scheme 2).
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Reagents and conditions: (a) 40% CH,O/CH,Cl,/l,; (b) NaOH/MeOH; (c) NaOH/MeOH(CH,0),,; (d) CH3MgBr/THF; (e) TsOH/Toluene
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Scheme 1 The methylation and vinylation of pheophorbide-a(b)
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Reagents and conditions: (a) NaOH/MeOH/40% HCHO/I,; (b) LIOH/O,/THF/MeOH; (c) CH3MgBr/THF; (d) TsOH/Toluene/90 °C; (e)

0s0,4/Nal04/CH,=CHCH,MgBr; (f) MMO/(C3H7)4sNRuO,

B 2 AW SEIR-a 1) TR )AL
Scheme 2 The methylation and vinylation of pyropheophorbide-a
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TE BRI B 26 tH — &y 3; 73— 4k %2k b W eI
ORI AN BT A, R0 W51 38 B Ak i S
BT B, RERESTNERGIHF AR Ay AR 4.
BRI SRR 1a 7E5 20 58 FHE S S A A v [R) R T DL AR
AN R 3, {EA AP RRE N E T C, 4k
S5 2 W AR ) SR AZ BT 45 Hh — by 4 R
fig 6, MJa, H 13- Bamfrededk L1t 5 PR -
KR BEY R P, mA&EME C-F3 FEA TR 451
& IR 7 (Scheme 3).
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Scheme 3 The allomerization of exocyclic E-ring on methyl pheophorbide-a

55 %) BR & (Staphylococcus aureus ATCC 25922)F1K 7
FF 18 (Escherichia coli ATCC 25923) 1563l /74 4E A 12t
AT e, HE g5 Rk 1 s,

M1 ATA, BT I A 3R 28 A X <
R BRI S R I LR R KAEH, (BAER R SRR
X K B A RCRAE RIS, A Sy i 3 451,
MR 0.06 mmol/L B % 4 35 €605 %) BR B 7t ] 18 2
T AORE R, (ELLE [R) 45 2 T 6 KT 1 ) A% K
TIRIXTELSS, EEIIKENE 024 mmol/L, X KT
R T 58 4 K. FLah RECAT IH BT R AT 1 41
MR XS B, Hoby i S AR 1] 1 223 — &b
Wy 55 A B (R 285, R INT -t ST 1 B 2 2 AU S0 P o A
Xof 4 L PR BREER A

FXTE BRI S, A gt by 25 R 0 H
W EIPURE ST, 1A 1a. 7 A1 11 X &0 O A ER

2% KAETHAML, A& 100 12 A1 17 (630 St
XPELTS, MTE C-D M Al A PR M SRR T4 3, 5
AT 13 SRR R B R DU LA s R e B AR AR .,
U VIR EEIA S 0.12 mmol/L WK%, H %%
A B2 500 LAF; T AR [F)R B2 ) Sy B A T LS R
R N, SEAH T SR aEERENAK. =
SNMEE 3,5 A1 11 7EIKRFEA 0.06 mmol/L i, H %L
BICRE A E, ANy 11 12 R ZE SR E T 12-
PRIV, FOCBOR R IS o TR AR
Ee, B —ZNhwyEE 11 79 PDT M@ T = 2 3R
) ARy ARy 12, IXUEIIAREE SRR, FrEEEr
AR P ) A e ek v, L6 30 0 B v M e iR 5 1 ]
I, X AF B ) ANy AT T AR R RR e B S EG, 7
BE 2544 T B SR 2R B R = 0 4 0 R AT R B L P R
TS I HIAE Bl 7 43 S R % 2 D ik g oK BR

R OGIRTF G328 ARy X 4 2 (] 4 BRI (ATCC 25923) R K FF 1 (ATCC 25922) )i £ H
Table 1 The bactericidal activities of chlorophyllous chlorins on Staphylococcus aureus (ATCC 25923) and Escherichia coli (ATCC

25922) under photoirradiation

WL/ PRIVE (4 3 E0 0 2 BR B R I A )
(mmoleL™") 1a 3 5 7 11 12 13 17 HRRM
0.01 520/2810 470/2390 440/2290  525/2940 680/3632 515/2690 790/2645 465/2400 630/3780 4680/—
0.02 240/2160 190/1630 185/1550  260/2260 430/2720 225/2090 335/2040 200/1870 400/3010 4400/—
0.03 90/1080  66/860 60/729 105/1410 210/1860 82/1910 185/1410 72/1008 230/1938 2200/—
0.06 6/180 0/140 0/120 10/300 40/810 4/920 82/215 0/145 66/1005 1890/—
0.12 0/100 0/80 0/76 0/160 0/612 0/680 0/160 0/92 0/720 490/—
0.24 0/66 0/22 0/20 0/98 0/248 0/286 0/80 0/34 0/310 260/—
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BT Grignard B FBRUEAL I AR K MR S HE S B, 78
WAL B B gl ik 7 B B S B T ) FE A 2 Bl
T LIREE, FER T — R AR DLHRE 1 22 i s S AR
SRER R T AN ARG AR BT LR B,
SRR Ay B RGN I EDEE. E
NN il ) 78 7 LA i 07 R AT (R B DU, AN (UL
gl ANy IR EEENL TR R A A, R AR S
& BRI 73— 1R L Ath 12 i 7= A= R 1 AR AL, 3R ECHT
RIPURE g KIR 7+ DA K e A EE . (2. EMSiE 2
PR, $RAE T A R UIN T BOR 2 1 B AR .

3 EES
3.1 UES5HF

JCEHTH Perkin-Elmer 2400 %I 765 /3 M AU 5E ;
IR A Perkin-Elmer 1730 B 41403560 BEACI 7€ (KBr &
F); UV-Vis B UV-160A B4 403 et B kil e ; 'H
NMR F Brucker ARX-400 A% # SLHRACI 2, WhR
N TMS. BT A o i A s st et ¢ iR -a
RIS (1) R A BB I SRR -a RS (92) 4% SCRIR[12] 1) 4% £
Ji 5 4R R -b FF T (1b) 2 STRIR[ 1371 4.
32 15a-RGE S AN -ec-13,17- Z F{EE (3)
15a(R/S)-— SEAM¥-e6-13,15a-¢- 2 AEiE-1- A FHERE (4)AY
Ak

7F 30 mL & Hi A f# 487 mg MPa (1) (0.803
mmol), FEHENJEE I 3 mL 40%f H S /K 7R 150
mg ll, =EHFE 8 h )5, HIIA 20 mL Z& F L 40
mL 7K, A HAE. KA S EER(15 mLX2),
HIAVAHHRIEZT. K& 2 k=Y 8
WRT 25 mL A EAL BN  FFEET, RS
TRy E =iRBEE 1 h BN EEIN 20 mL /K,
R IH pH 2 2~3, I 70 mL 5 H ke )5 7 K E.
KZEH & EREEQ0 mLX3), &IFFHA, FITK
W RN T8 S5 TR B S TR, IR A RE IR JE AT 75 58
(e V(LR CB8) - VCAME)=1 : 6], 193] 138 mg
gEfE A 3 (0.217 mmol, 27%)F1 21 mg Ea[E 4K 4
(0.032 mmol, 4%).

3: m.p. 234~237 C; UV-Vis (CH,Cly) Apax [6/(Le
mol 'eem )] 420 (8.98X10%, 518 (7.64X10%), 546
(3.15X10%, 632 (2.84X10%, 665 (4.67X10% nm; 'H
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NMR (400 MHz, CDCl;) : —1.56 (br s, 1H, NH), 0.57
(br s, 1H, NH), 1.73 (t, J=7.6 Hz, 3H, 8-CH;), 1.87 (d,
J=172 Hz, 3H, 18-CH3), 1.64~1.77 (m, 1H, 17a+
17b-H), 1.86~1.96 (m, 1H, 17a-+17b-H), 2.09~2.18 (m,
1H, 17a+17b-H), 2.25~2.35 (m, 1H, 17a+17b-H), 3.32,
3.43,3.50, 3.68, 3.96 (each s, each 3H, CH;+OCH3), 3.78
(q, J=7.6 Hz, 2H, 8a-H), 4.21 (d, J=7.6, 2.2 Hz, 1H,
17-H), 4.47 (dd, J=17.0,7.2 Hz, 1H, 18-H), 6.17 (d, J=
11.6 Hz, 1H, cis-3b-H), 6.37 (d, J=18.0 Hz, 1H,
trans-3b-H), 6.31 (s, 1H, 15a-methylene-H), 7.59 (s, 1H,
15a-methylene-H), 8.08 (dd, /=18.0, 11.6 Hz, 1H, 3a-H),
8.84, 9.64, 9.73 (each s, each 1H, meso-H); BC NMR (400
Hz, CDCl;) o0: 192.1, 182.2, 175.5, 173.3, 167.7, 154.1,
152.4, 150.0, 145.2, 143.0, 142.8, 137.1, 137.0, 136.2,
134.7, 133.2, 131.2, 128.8, 128.5, 128.4, 127.1, 123.1,
121.6, 115.8, 103.2, 121.2, 95.3, 52.6, 51.8, 49.4, 32.2,
31.6, 23.6, 19.0, 17.0, 11.9, 10.9; IR (KBr) v: 3449 (N—
H), 2924 (C—H), 1742, 1708 (C=0), 1686 (C=C), 1560
(chlorin skeleton), 1457, 1341, 1082, 1040, 971 cm
EI-MS m/z: 637.5 (M+H"). Anal. calcd for C3;H4N,4Og:
C 69.79, H 6.33, N 8.80; found C 69.66, H 6.24, N 8.98.

4: m.p. 205~207 C; UV-Vis (CH,Cly) Apax [e/(Le
mol 'eem ™ D]: 418 (9.13X10%, 509 (7.57X10%), 558
(3.11 X 10%, 644 (1.98X10%, 668 (4.24X10* nm; 'H
NMR (400 MHz. CDCly) 6: —1.62 (—1/58) (br s, 1H,
NH), 0.43 (br s, 1H, NH), 1.72 (1.71) (t, J=7.6 Hz, 3H,
8-CH;), 1.97 (d, J=7.2 Hz, 3H, 18-CH3), 2.17~2.33 (m,
1H, 17a+ 17b-H), 2.55~2.75 (m, 2H, 17a+ 17b-H),
2.79~3.03 (m, 1H, 17a+17b-H), 3.26 (3.25), 3.30 (3.89),
3.60 (3.58), 3.71 (3.70) (each s, each 3H, CH;+OCHj;),
3.68~3.74 (m, 2H, 8a-H), 4.47 (4.43) (q, J=7.2 Hz, 1H,
18-H), 4.47 (4.43) (dd, /=9.2, 1.8 Hz, 1H, 17-H), 4.39~
4.51 (m, 2H, 15a-CH,0), 5.55 (5.45) (dd, J/=10.0, 3.2 Hz,
1H, 15a-H), 6.21 (dd, J=11.6, 1.2 Hz, 1H, cis-3b-H), 6.31
(dd, J=17.8, 1.2 Hz, 1H, trans-3b-H), 8.01 (dd, J=17.8,
11.6 Hz, 1H, 3a-H), 8.60, 9.41 (9.39), 9.57 (9.55) (each s,
each 1H, meso-H); IR (KBr) v: 3443 (N—H), 2832 (C—
H), 1739, 1688 (C=0), 1653 (C=C), 1527 (chlorin
skeleton), 1400, 1287, 1189, 793 cm™'; EI-MS m/z: 637.5
(M+H"). Anal. caled for C3;H4N4Og: C 69.79, H 6.33, N
8.80; found C 69.91, H 6.60, N 8.71.

3.3 15a-RGE _SIAMA-es-13-F2 R EMEE-15, 17-Z

EREE(5). 15a-FIHE = SN Y -ec-13-FELEES-15, 17-

— FAfi5(6)F 15a-F EE — S AN - = BEE(7)HIE K
7E 10 mL PSR -5 fi# 686 mg 1a (1.131 mmol)
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A 120 mg WA 2 RHEE, ERS AR T, A
30 mL HE AR 1) B A, IR R S by
FHIR ERFR ST pHAEZE 2~3, J&J5 A 200 mL 7K1 100
mL "R ZE, AN, KA &R AR
(30 mLX2), &HAHE, KM XSG HTCKIRRHT
PR, P U b B ML S B RV, BIRMARE A2
MBI MZRZER) @ VOECK)=1 : 6], 155
91 mg L& 44 5 (0.136 mmol, 12%)~ 60 mg £E [ 14 6
(0.091 mmol, 8%)A1 191 mg ZE[EA 7 (0.294 mmol,
26%).

5: m.p. 231~234 °C; UV-Vis (CHCl3) Amax [e/(L*
mol 'eem ™ )]: 423 (6.43X10%, 519 (4.32X10%), 546
(1.98X10%, 631 (6.27X10%, 665 (4.54X10% nm; 'H
NMR (400 MHz. CDCl;) 6: —1.56 (br s, 1H, NH), 0.61
(br s, 1H, NH), 1.73 (t, J=7.6 Hz, 3H, 8-CHj;), 1.87 (d,
J=72 Hz, 3H, 18-CH;), 1.60~1.71 (m, 1H, 17a+
17b-H), 1.76~1.90 (m, 1H, 17a+17b-H), 1.96~2.08 (m,
1H, 17a+17b-H), 2.14~2.36 (m, 1H, 17a+17b-H), 3.29,
3.38,3.47,3.61, 3.91 (each s, each 3H, CH;+OCHj3), 3.77
(q, J=7.6 Hz, 2H, 8a-H), 4.08 (dd, J=9.2, 2.4 Hz, 1H,
17-H), 4.42 (d, J=7.2 Hz, 1H, 18-H), 5.97 (d, J=6.0
Hz, 2H, 13-CO,CH,OH), 6.15 (d, J=112 Hz, IH,
cis-3b-H), 6.09 (s, 1H, 15a-methylene-H), 6.25 (d, J=6.0
Hz, 2H, 13-CO,CH,OH), 6.35 (d, J=18.0 Hz, IH,
trans-3b-H), 7.29 (s, 1H, 15a-methylene-H), 8.06 (dd, J=
18.0, 11.2 Hz, 1H, 3a-H), 8.78, 9.60, 9.71 (each s, each 1H,
meso-H); *C NMR (400 Hz, CDCly) §: 195.9, 173.4,
170.2, 169.0, 154.7, 152.1, 150.3, 148.6, 144.4, 139.6,
138.8, 136.9, 134.2, 131.6, 129.8, 126.1, 106.6, 103.3,
99.0, 93.8, 52.0, 51.7, 49.6, 48.1, 31.0, 29.7, 19.9, 19.2,
17.2, 11.9, 10.8; IR (KBr) v: 3427 (N—H), 2925 (C—H),
1738, 1687 (C=0), 1612 (C=C), 1550 (chlorin skeleton),
1450, 1329, 1242, 1175, 1016, 980 cm'; EI-MS m/z:
667.2 (M+H+). Anal. caled for C;sHyoN4O5: C 68.45, H
6.35, N 8.40; found C 68.29, H 6.31, N 8.59;

6: m.p. 226~229 C; UV-Vis (CHCl;) A [e/(Le
mol ~'eem ™ ]: 422 (6.65X10%), 522 (4.25X10%), 544
(2.07X10%, 630 (6.30X10%, 665 (4.52X10% nm; 'H
NMR (400 MHz, CDCly) 6: —0.61 (br s, 1H, NH), 0.60
(br s, 1H, NH), 1.70 (t, J=7.6 Hz, 3H, 8-CH3), 1.83 (d,
J=6.8 Hz, 3H, 18-CH3), 1.62~1.75 (m, 1H, 17a+
17b-H), 1.80~1.93 (m, 1H, 17a+17b-H), 1.96~2.15 (m,
1H, 17a-+17b-H), 2.30~2.42 (m, 1H, 17a+17b-H), 3.24,
3.40, 3.48, 3.64, 3.92 (each s, each 3H, CH;+OCHj3), 3.75
(q, J=7.6 Hz, 2H, 8a-H), 4.17 (d, J=7.6 Hz, 1H, 17-H),
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4.44 (q, J=6.8 Hz, 1H, 18-H), 6.15 (d, J=11.2 Hz, 1H,
cis-3b-H), 6.36 (d, J/=17.8 Hz, 1H, trans-3b-H), 8.08 (dd,
J=17.8, 11.2 Hz, 1H, 3a-H), 6.28 (s, 1H, 15a-methylene-
H), 7.56 (s, 1H, 15a-methylene-H), 7.87 (s, 13-CO,CHO),
8.81, 9.63, 9.70 (each s, each 1H, meso-H); IR (KBr) v:
3434 (N—H), 2858 (C—H), 1739, 1689 (C=0), 1623
(C=C), 1562 (chlorin skeleton), 1460, 1343, 1218, 1160,
1027, 905 cm™'; EI-MS m/z: 665.4 (M+H"). Anal. calcd
for C35H4oN,O7: C 68.66, H 6.07, N 8.43; found C 68.79,
H 6.19, N 8.58; &4 7 B4t &diE 5 SChR[14]— 2L
34 T7-(1-RZE)-7T-EXREEREMRER-b FE5(8)AY
=yp4

# 92 mg MPb (1b) (0.148 mmol ) #%f#T 10 mL T
ER USRI o, ZURYT R T 0 CHEHEZE N 0.3
mL KN 1 mol/L ) FE R IRALEE C BRI, TiFE L S
min, [ JNARRMA 15 mL ¥KK, #2E0KKE 0k
10 min; A 20 mL & H D E, 7HAIE, KEZ
& FEER(S mLX2), AIFENE, FAILKRR
BN, O RR EVE A, R A R E AT o B
WER): MR LE8) - V(IESkE)=1 : 4], 153 88 mg ¥
g E K 8 (0.083 mmol), F5E N 56%. mp. 251~
253 °C; UV-Vis (CHCly) Amax [e/(Lemol 'scm ™ ")]: 405
(1.21X10%), 510 (4.84X10%), 541 (1.21X10%, 607 (8.47
X 10%), 664 (6.05X%10*) nm; 'H NMR (400 MHz, CDCl;)
d: —1.69 (br's, 1H, NH), 0.37 (br s, 1H, NH), 1.70 (1.76)
(t, J=7.6 Hz, 3H, 8-CHs), 1.57 (d, J=72 Hz, 3H,
18-CH3), 2.17 (2.19) (d, J=6.4 Hz, 3H, 7a-CHj), 1.97~
2.32 (m, 2H, 17a+17b-H), 2.44~2.65 (m, 2H, 17a+
17b-H), 3.39 (3.37). 3.57 (3.56), 3.67, 3.89 (each s, each
3H, CH;+OCH;), 3.58~3.70 (m, 2H, 8a-CH,), 4.22 (d,
J=8.4Hz, 1H, 17-H), 4.45 (q, J=7.2 Hz, 1H, 18-H), 6.18
(d, J=10.8 Hz, 1H, cis-3b-H), 6.11~6.23 (m, 1H, 7a-H),
6.24 (s, 1H, 13*-H), 6.32 (d, J=18.0 Hz, 1H, trans-3b-H),
7.97 (dd, J=18.0, 10.8 Hz, 1H, 3a-H), 8.81, 9.63, 9.70
(each s, each 1H, meso-H); *C NMR (400 Hz, CDCL) o:
203.1, 173.5, 171.3, 161.3, 156.7, 148.9, 145.1, 141.5,
137.8, 136.0, 131.0, 129.6, 128.3, 126.4, 122.5, 109.1,
104.8, 97.2, 93.1, 56.6, 51.7, 50.9, 50.1, 39.1, 31.2, 30.0,
25.8,23.4, 19.4, 17.4, 12.1, 11.2; IR (KBr) v: 3409 (N—
H), 2960 (C—H), 1726, 1689 (C=0), 1647 (C=C), 1550
(chlorin skeleton), 1460, 1380, 1271, 1205, 1143, 1070
em'; EI-MS m/z: 637.6 (M+H™). Anal. caled for
C37H40N,Og: C 69.79, H 6.33, N 8.80; found C 69.61, H
6.48, N 8.78.
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3.5 13-FBGEERSEMHFE-a FE(10)1948 R

LA MPPa (9)# X MPa (1a), %8 H|&L&Y 2 )5
EE R, 1SR AR 10, 773 38%. W3 ES T
i 5 3CER[10]— 2
3.6 13%-FRJGHE-12-FAREE-12- K PR LR EM 5852
FREE(11)ME R

£ 5 mL KH &R 1.2 g LIOH, FEInA 15 mL FEE
ke, SRIEEINGH 128 mg A NMYEET 10 (0.228
mmol)[fJ 25 mL DU, #EZEE 3 b,
25%RBRIETOAZE pH N 2~3, A & e AEHL(100
mL X 3), &HEWZIEH KRR T, JlE R L%
A, EFEMET 25 mL 5FH S%ERER I H AR, B
PR, Je)E i 30 mL /KA 45 mL & ke, oA
HLZ, KB IR E I JGKBRBR BN T 8, a2 78 571,
TRV AEFERALENT 3 B (B (LR 4BR) @ V(IE
akt)=1: 4], 193] 28 mg FHLEA A 11 (0.048 mmol),
FEE 21%. mp. 229~232 C; UV-Vis (CHCL) Amax
[¢/(Lemol 'scm™H)]: 412 (1.16 X 10%), 510 (4.41 X 10%), 544
(5.80X10%), 609 (1.97X10%, 698 (1.07X10°% nm; 'H
NMR (400 MHz, CDCl;) 6: —0.32 (br s, 1H, NH), 0.56
(br s, 1H, NH), 1.60 (t, J=7.6 Hz, 3H, 8-CH3), 1.79 (d,
J=72 Hz, 3H, 18-CH;), 1.93~2.08 (m, 1H, 17a+
17b-H), 2.36~2.44 (m, 2H, 17a+17b-H), 2.62~2.71 (m,
1H, 17a+17b-H), 3.03, 3.29, 3.69 (each s, each 3H, CH;
+O0CH,), 3.52 (q, J=7.6 Hz, 2H, 8a-H), 4.44 (d, J=9.4
Hz, 1H, 17-H), 4.36 (d, J=7.2 Hz, 1H, 18-H), 6.17 (d, J=
11.6 Hz, 1H, cis-3b-H), 624 (d, J=18.0 Hz, IH,
trans-3b-H), 6.52 (s, 1H, 132-methylene—H), 6.84 (s, 1H,
13%methylene-H), 7.80 (dd, J=18.0, 11.6 Hz, 1H, 3a-H),
8.36, 8.91, 9.94 (each s, each 1H, meso-H), 11.38 (s, 1H,
CHO); IR (KBr) v: 3445 (N—H), 2925 (C—H), 1742,
1700 (C=0), 1662 (C=C), 1500 (chlorin skeleton), 1347,
1259, 1093, 1021, 801 cm™'; EI-MS m/z: 575.6 (M+H").
Anal. caled for CisHyN,O4 C 73.15, H 5.96, N 9.75;
found C 73.31, H 6.02, N 9.87;
3.7 13%BRBE-12-ZHE-12-XAREREHFE-a
FREE(12)R9 A R

¥ 92 mg AN EE 11 (0.160 mmol)iAfi# T 10 mL
Frer U AR, ZARY T 0 CHEHEZZIZ RN
0.3 mL KN 1 mol/L i) H IR EE 2RV TR, it I
N5 min, SRJ5 AR SAR R 15 mL 9KZKF1 20 mL
ZEHRSE, aHAVERFEET, EHREHET 10
mL & 10 mg % A REEER )% 2R, 50 CHi
PERNE T h JEIIN 15 mL 7K, s A HUAH, KA 5
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FEEA(15 mLX2), &IFANLZE, FTOKEERMH TR,
WEBR LI, RIRDERERFEE T 0 B[P (&
TR ZER) - VIECKD)=1: 6], 153 38 mg &OHEMAK 12
(0.066 mmol), f*% K 41%. m.p. 211~214 ‘C; UV-Vis
(CHCIL3) Amax [6/(Lemol 'ecm™)]: 410 (1.21X10%), 471
(4.84X10%, 503 (1.21X10%, 536 (1.09%X10%, 607
(8.47X10%), 684 (6.05%10* nm; 'H NMR (400 MHz,
CDCly) 6: —1.38 (br s, 1H, NH), 0.56 (br s, 1H, NH),
1.67 (t, J=7.6 Hz, 3H, 8-CH;), 1.83 (d, J=7.2 Hz, 3H,
18-CH3), 2.01~2.07 (m, 1H, 17a+17b-H), 2.26~2.40
(m, 2H, 17a+17b-H), 2.62~2.69 (m, 1H, 17a+17b-H),
3.18, 3.39, 3.66 (each s, each 3H, CH;+OCH;), 3.62 (q,
J=17.6 Hz, 2H, 8a-H), 4.50 (d, J=7.2 Hz, 1H, 18-H), 4.61
(d, J=9.2 Hz, 1H, 17-H), 6.18 (d, J=11.6 Hz, 1H,
cis-3b-H), 6.24 (d, J=11.6 Hz, 1H, cis-12b-H), 6.28 (d,
J=18.0 Hz, 1H, trans-3b-H), 6.54 (s, 1H, 13*methylene-
H), 6.86 (s, 1H, 13*-methylene-H), 7.78 (d, J=16.0, 11.6
Hz, 1H, 12a-H), 7.96 (dd, J=18.0, 11.6 Hz, 1H, 3a-H),
8.26 (dd, J=17.6, 11.6 Hz, 1H, 12a-H), 8.59, 9.31, 9.59
(each s, each 1H, meso-H); IR (KBr) v: 3443 (N—H), 2951
(C—H), 1734, 1688 (C=0), 1651, 1637 (C=C), 1560
(chlorin skeleton), 1528, 1434, 1079, 904 cm '; EI-MS
m/z: 573.3 (M+H"). Anal. caled for C3¢H3,N,O;: C 75.50,
H 6.34,N 9.78; found C 75.61, H 6.44, N 9.68.
3.8 13'(RIS)-13-FEE-13"- 2 &-13"-FH-13"-£g
E RN 4RER-a BRER(13)HIE AR

DL AN R 10 A% MPb (1b), $%FEH]&LE
V) 8 B IEG . 19 AR 13, P73 42%. m.p. 246~
249°C; UV-Vis (CHCL) Amax [¢/(Lemol ™ 'ecm™H]: 410
(1.01X10%), 511 (1.27X10%, 542 (1.12X10%, 607
(7.39X10%), 664 (5.96%10* nm; 'H NMR (400 MHz,
CDCly) 0: —2.89 (—2.74) (br s, 1H, NH), —1.45 (br s,
1H, NH), 1.73 (t, J=7.6 Hz, 3H, 8-CHs), 1.89 (d, 3H, J=
7.2 Hz, 3H, 18-CH3), 1.96~2.17 (m, 1H, 17a+17b-H),
2.27~237 (m, 1H, 17a+17b-H), 2.60~2.83 (m, 2H,
17a+17b-H), 2.25 (2.12) (s, 3H, 13'-CH3), 3.36, 3.61,
3.54 (3.53), 3.61 (each s, each 3H, CH3+OCH3;), 3.80 (q,
J=17.6 Hz, 8a-CH,), 4.64 (q, J=7.2 Hz, 1H, 18-H), 4.75
(d, J=8.8 Hz, 1H, 17-H), 6.18 (6.24) (s, 1H, 13*
methylene-H), 6.43 (6.48) (s, 1H, 13*-methylene-H), 6.15
(6.32) (d, J=11.6 Hz, 1H, cis-12b-H), 6.28 (6.33) (d, J=
17.8 Hz, 1H, trans-3b-H), 8.19 (8.17) (dd, J=17.8, 11.6
Hz, 1H, 3a-H), 8.94 (8.92), 9.61 (9.63), 9.83 (9.79) (each s,
each 1H, meso-H); IR (KBr) v: 3448 (N—H), 2915 (C—
H), 1732, 1686 (C=0), 1614 (C=C), 1550 (chlorin skel-
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cton), 1496, 1360, 1220, 1166, 1110, 977 cm™; EI-MS
m/z: 577.4 (M+H"). Anal. calcd for C3cH4N4O5: C 74.97,
H 6.99,N9.71; found C 75.11, H 6.84, N 9.59.

39 3-(1-BGAE)I-ECHELERENRER-a Bl
(14)H9E R

# 352 mg MPPa (92a) (0.642 mmol)#% fi#{E 15 mL U
SR, NN 0.5 mL MERE, AEIFE] 0 C, RIZIHEE %
R IRNEH 180 mg (0.678 mmol)PU A AL f#) 8 mL P
LKA, RAVRIE 0 C FHEFERN 30 min, SRJ5 =
BBEFE 2 hJE, NI & IITE 50% H /K 7 HH R 1)
NaHSO; &, 4RS00 HE 40 min, i3E, SB/5AEBINA
40 mL & FGEA 40 mL 7K, BT 5 s R 4.
BIRAEH T 30 mL HEEH; FIFRE 400 ¢ (1.868
mmol) NalO, %5 T 20 mL K+, BN 1 g e, 25
b VA N L TR eB AL EE 8 S e S SEAN 3
4, 30 min 5 ) SEEE, NN 150 mL 7K F1 180 mL 4%
e, 18, SHAVE, T, ERER, H—mEE
JBEHTAE 73 B I LDt iy, BRI R VT 25 mL
TR P E R, BRI 0 CHUFESAR N
0.3 mL #JE N 1 mol/L WM A IR EE L BEVA I, itk
NS min J5, A RSAR R IIN 25 mL MRS TR,
B Uk R4 10 ming BRI 20 mL & FFLE, 7
HANLZ, KA &P HREERAS mLX2), §IFEL
JZ, FTO/KERBREA T8, 0% FR 25857, RIRMAEREK
FEZAT o SR (R CBR) - VOECHE) =1 : 6],
5% 189 mg ZEEA 14 (0.327 mmol), FZFN 51%.
m.p. 247~250 ‘C; UV-Vis (CHCl3) Amax [e/(Lemol 'e
em D] 395 (1.21 X 10°%), 497 (4.84X10%), 516 (1.09X
10%), 595 (1.21X10%, 648 (3.05% 10" nm; 'H NMR (400
MHz, CDCls) 6: —3.30 (br's, IH, NH), —1.47 (brs, 1H,
NH), 1.73 (t, J=7.6 Hz, 3H, 8-CH3), 1.77 (d, J=7.2 Hz,
3H, 18-CH3), 2.02~2.39 (m, 2H, 17a-+17b-H), 2.40~
2.78 (m, 2H, 17a+17b-H), 3.30, 3.46, 3.52 (3.51), 3.56
(each s, each 3H, CH;+OCHs), 3.73 (q, J=7.6 Hz, 2H,
8a-CH,), 4.36~4.62 (m, 2H, 17-H+18-H), 4.96 (d, J=
15.6 Hz, 1H, 13%-H), 5.06 (d, J=15.6 Hz, 1H, 13*-H), 5.36
(d, J=10.2 Hz, 1H, cis-3c-H), 5.64 (d, J=16.8 Hz, 1H,
trans-3¢-H), 6.60~6.70 (m, 1H, 3b-H), 6.71~7.79 (m,
1H, 3a-H), 8.78, 9.60, 9.95 (9.94) (each s, each 1H,
meso-H); “C NMR (400 Hz, CDCl;) &: 198.2, 173.6,
168.4, 156.3, 153.1, 150.6, 144.2, 141.9, 138.8, 137.9,
136.2, 135.6, 135.0, 134.5, 133.2, 132.2, 130.2, 129.5,
129.3, 128.6, 128.5, 128.0, 126.9, 121.9, 110.2, 101.4,
99.9, 97.9, 93.1, 55.9, 52.9, 51.6, 51.3, 49.6, 37.4, 30.5,
28.7,23.8, 19.5, 17.5, 12.2, 11.9, 11.3; IR (KBr) v: 3407

Chin. J. Org. Chem. 2016, 36, 562~571

© 2016 Chinese Chemical Society & SIOC, CAS

(N—H), 2915, 2847 (C—H), 1736, 1696 (C=0), 1665
(=C), 1520 (chlorin skeleton), 1384, 1303, 1168, 1066,
983 cm'; EI-MS m/z: 579.4 (M+H"). Anal. caled for
C35H3sN4O4: C 72.64, H 6.62, N 9.68; found C 72.57, H
6.54, N 9.89.

310 3-HAME-3-EZHEEERENRER-a BHEE
(15)H9& K

£ 25 mL [ SR e A% 139 mg ANy
M 14 (0.240 mmol), 7EETIRY FEEIIA 20 mg N-H
SRR L ) B ERE 15 min, FRANESHREIMA 30
mg AT ER VU A FEA%(TPAP), Zifi+E 1.5 h Ja R Migs
TN 10% ) ZERWEEAEHE RS 1 h, B E R 5 75
KE, KER R REREIAS mLX3), &FAIEF
M TEKBREREN T, BR25IET, FIRMERERATENT 77
BV MR LER) - VOES kD) =1 : 4], £33 65
mg S E K 15 (0.113 mmol), 7% 47%. m.p. 206~
219 “C; UV-Vis (CHCL) Amax [¢/(Lemol 'ecm™")]: 414
(1.07 X 10°), 514 (3.28 X 10%), 543 (1.17 X 10%), 610
(1.79X10%, 678 (3.25X10* nm; 'H NMR (400 MHz,
CDCly) 6: —1.98 (br s, 1H, NH), 0.03 (br s, 1H, NH),
1.74 (t, J=7.6 Hz, 3H, 8-CH;), 1.84 (d, J=7.2 Hz, 3H,
18-CH3), 2.20~2.36 (m, 1H, 17a+17b-H), 2.56~2.64
(m, 2H, 17a+17b-H), 2.66~2.78 (m, 1H, 17a-+17b-H),
3.25,3.54,3.62, 3.72 (each s, each 3H, CH;+OCH3), 3.73
(q, J=7.6 Hz, 2H, 8a-CH,), 4.38 (d, J=8.4 Hz, 1H, 17-H),
4.57 (q, J=7.2 Hz, 1H, 18-H), 5.18 (d, J=19.8 Hz, 1H,
13%-H), 5.34 (d, J=19.8 Hz, 1H, 13%-H), 6.35 (dd, J=
10.6, 1.0 Hz, 1H, cis-3¢-H), 6.54 (dd, J=17.0, 1.0 Hz, 1H,
trans-3¢-H), 7.47 (dd, J=17.0, 10.6 Hz, 1H, 3b-H), 8.77,
9.64, 9.65 (each s, each 1H, meso-H); IR (KBr) v: 3419
(N—H), 2940, 2917 (C—H), 1738, 1686 (C=0), 1669
(C=C), 1526(chlorin skeleton), 1424, 1388, 1252, 1174,
999 cm™'; EI-MS m/z: 577.4 (M+H"). Anal. caled for
C3sH3eN,O4: C 72.90, H 6.29, N 9.72; found C 73.04, H
6.44,N 9.89.
311 12a(RIS)-12-(1-F Z & )-12- K A B E R 43
fig-a FAER(16)HI & AL

DA AR S 9b AU MPb (1b), %18 S5 1b S5 8
A k. BaaEAk 16, =% 57%. mp. 226~
229 C; UV-Vis (CHCly) Amax [e/(Lemol 'ecm ™ )]: 413
(1.16X10%), 510 (1.27X10%, 524 (8.67X10%, 609
(6.11X10%, 666 (5.12X10* nm; 'H NMR (400 MHz,
CDCly) 0: —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-CH;), 1.80 (1.78) (d,
J=17.2 Hz, 3H, 18-CH;), 2.14 (2.01) (d, J=6.6 Hz, 3H,
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12a-CH3;), 2.23~2.27 (m, 2H, 17a+17b-H), 2.51~2.73
(m, 1H, 17a+17b-H), 3.15, 3.35, 3.63 (each s, each 3H,
CH;+OCH3), 3.60 (3.58) (q, J=7.6 Hz, 2H, 8a-CH,),
424 (d, J=17.2 Hz, 1H, 17-H), 4.42 (q, J=7.2 Hz, 1H,
18-H), 4.87 (br s, 1H, 12-OH), 6.15 (d, J=11.6 Hz, 1H,
cis-12b-H), 6.24 (d, J=17.8 Hz, 1H, trans-3b-H), 6.42 (t,
J=6.6 Hz, 1H, 12a-H), 7.91 (dd, J=17.8, 11.6 Hz, 1H,
3a-H), 8.45, 9.19, 9.35 (9.33) (each s, each 1H, meso-H ),
IR (KBr) v: 3418 (N—H), 2846 (C—H), 1719, 1698 (C=
0), 1600 (C=C), 1500 (chlorin skeleton), 1432, 1393,
1252, 1158, 1080, 893 cm™'; EI-MS m/z: 579.4 (M+H").
Anal. calcd for C;3sH3sN Oy C 72.64, H 6.62, N 9.68;
found C 76.51, H 6.84, N 9.87.

3.12 12-2M&E-12- KR EERREM -2 Bls(17)
B & B

# 124 mg 16 (0.214 mmol)¥Afi# T 15 mL TEH)
R, NN 3 mg X HUREHER, AARYT, 90 CHiHE M
0.5h, Z&JE A 20 mL /KA1 20 mL & Fke, 20 AL
2, KEH & AR5 mLX3), HFEIEHH
ToKRBREA TR, BRZVER], FRIRDARERIEZTr 5
(el MR ZHR) © VOUEC k) =1 : 4], 153 82 mg
gEfE K 17 (0.146 mmol), F=“H A 68%. m.p. 186~
189 “C; UV-Vis (CHCL) Amex [¢/(Lemol 'ecm™")]: 404
(121X 10%), 418 (8.29X10%, 556 (7.96X10%), 609
(6.11X10%), 682 (6.12X10* nm; '"H NMR (400 MHz,
CDCl3) §: —1.07 (br s, 1H, NH), —0.12 (br s, 1H, NH),
1.67 (t, J=7.6 Hz, 3H, 8-CH3), 1.79 (d, J=7.2 Hz, 3H,
18-CH;), 2.14 (2.01) (d, J=6.6 Hz, 3H, 12a-CH3), 2.25~
2.36 (m, 2H, 17a+17b-H), 2.52~2.59 (m, 1H, 17a+
17b-H), 2.64~2.71 (m, 1H, 17a-+17b-H), 3.18, 3.35, 3.62
(each s, each 3H, CH;+OCHs3), 3.67 (q, J=7.6 Hz, 2H,
8a-CH,), 4.23 (d, J=8.2 Hz, 1H, 17-H), 4.41 (q, J=7.2
Hz, 1H, 18-H), 5.09 (d, J=19.6 Hz, 1H, 13%-H), 5.24 (d,
J=19.6 Hz, 1H, 13%-H), 6.16 (d, J=11.6 Hz, 2H, cis-3b+
12b-H), 6.24 (d, J=17.8 Hz, 1H, trans-3b-H), 7.62 (d, J=
17.2 Hz, 1H, trans-12b-H), 7.92 (dd, J/=17.8, 11.6 Hz, 1H,
3a-H), 8.21 (dd, J=17.2, 11.0 Hz, 1H, 12a-H), 8.42, 9.21,
9.49 (each s, each 1H, meso-H); IR (KBr) v: 3409 (N—H),
2935 (C—H), 1737, 1694 (C=0), 1605 (C=C), 1525
(chlorin skeleton), 1385, 1256, 1166, 1077, 892, 778 cm ;
EI-MS m/z: 561.4 (M+H"). Anal. calcd for C35sH3,N,O5: C
74.98, H 6.47, N 9.99; found C 75.11, H 6.64, N 10.17.

3.13 {FINERNDIEEMERINE
FEIURE S A J e BRI S 1a, 30 5. 7,
10~13 F1 17 NFFLEY), IEFIRREY T HRNA
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X R, KRR SR R T DMSO FIKEC & A% 10
mmoleL ' f BB AS .

WA IR & PDT HBRMGE: W17 o Fhs A0 5 12
NEFRWiHEFRE, 37 CRIREEFE 24 h. FiniliEER
BeZ Pt i, 37 CHIRGEFREENHAEKE,
AW LA T 2 100~1 & 50 [ Bl T 100 mL LB ¥
PREEFEIE T, 37 CIRGETFFE ODgo=0.5, KH»6k
FEVHI e, K00 AR R R T R IR T, A
TEINFERS 7 L 5 pL 56 AR, AONAFDURE i
JOF RS R BB B R, — AN E T AL,
% —>H BioSpec LED (670~700 nm){ A eI #E 20 cm
FE5F 30 min (2.0 J/em?®). FHAMCR DIRE 2523 i AR Fh B
5 uL BHAF 1 LB £ 37 G 7R P IR, )Gl 35 51U AR,
WIEHIET(G6E1) CHFRMT, (2412) h jEHUH IRt
1TV TSI B TR R IR BE R 42
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