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Air Oxidation and Rearrangement Reactions of Methyl(pyro)-
pheophorbide-a in the Presence of Lithium Hydroxide
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Abstract In the presence of lithium hydroxide, air oxidation and rearrangement reactions of methyl pheo-
phorbide-a (1a) followed by acidification with hydrochloric acid and methylation with diazomethane to give
a mixture including purpurin-7 trimethyl ester (2), purpurin-18 methyl ester (3), chlorine-ps trimethyl ester
(4), geoporphyrin derivatives (5) and 3-epoxyvinyl-3-devinylpurpurin-18 ester (6) were performed. Methyl
pyropheophorbide-a (1b) was oxidized in the same reaction as chlorin 1a followed by chromatography isola-
tion to obtain methyl 13%oxopyropheophorbide-a (7), 15-formylpurpurin-5 dimehyl ester (8), purpurin-18
methyl ester (3) and 3-epoxyvinyl-3-devinylpurpurin-18 ester (6), respectively. The structures of new chlo-
rophyll derivatives 5, 6 and 8 were characterized by UV, IR, *H NMR spectra and elemental analysis. The
possible mechanisms for the air oxidation and rearrangement reaction were tentatively proposed.

Keywords chlorophyll-a; methyl(pyro)pheophorbide-a, air oxidation; rearrangement reaction; photody-
namic therapy
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IR i Perkin-Elmer 1730 BT 7} 36l BEASC 52 (KBr [
F); UV-vis il UV-160A T4 35056 Hil 2 *H
NMR J Brucker ARX-300 A% L4 &, |7~]1°T7'J
TMS. TR o b aliFnfb a4t et 2¢ik-a
Pk (La) A AR ik T 2¢ R -a Eﬁ@a(lb)éj\%lﬁaxﬁk[g]%u[4]ﬁ%
%

1.1 -7 (2) -18 3) -Ps
(4) 17°- -15%,17%- -5 (5)
3- -3- -18 (6)

% 500 mg (0.824 mmol) it i 4% R FH g -a (1a) i i
17250 mL PYZRIE, FIIA A 50 mg AL LT 5
mL PR, A E R BERE 16 hy JiA 250 mL 7K
K, R MR INARERR, P pH O 2~3, ] AU
W25 mLX2), HIFAPUE, Kok, HIJCKmEReT
. IR R 2 KB 3w ), IR v S ) E U e Ak
PR G B 20, R R i A A O3 B TR
GYVETFRN: V cmen -V pon=1 1 4] B2 O] 14 2 (43
mg, 8%), 3 (181 mg, 38%), 4 (15 mg, 3%), 5 (36 mg, 7%)
F1°6 (15 mg, 3%).

2: m.p. 228~231 °C; 'H NMR (CDCly) §: —0.12
(brs, 2H, NH), 0.03 (br s, 2H, NH), 1.66 (t, J/=7.4 Hz, 3H,
8,-CH3), 1.75 (d, J=7.3 Hz, 3H, 18-CHj), 1.84~2.42 (m,
4H, 17,-H+17,-H), 3.15 (s, 3H, CH;+OCHs), 3.34 (s,
3H, CH;+0CHj3), 3.52 (s, 3H, CH;+0OCHj3), 3.58 (s, 3H,
CH3;+OCH,), 3.87 (s, 3H, CH;+OCH,), 4.14 (s, 3H,
CH;+OCH,), 3.66 (q, J=7.4 Hz, 2H, 8,-H), 4.25~4.39
(m, 1H, 18-H), 4.54~4.78 (m, 1H, 17-H), 6.13 (dd, J=
11.4, 1.2 Hz, 1H, cis-3,-H), 6.29 (dd, /=17.6, 1.2 Hz, 1H,
trans-3,-H), 7.91 (dd, J=17.6, 11.4 Hz, 1H, 3,-H), 8.48 (s,
1H, meso-H), 9.30 (s, 1H, meso-H), 9.58 (s, 1H, meso-H).
e Bl 5 SCHR[1014H ).

3: m.p. 269~272 °C; 'H NMR (CDCl;) §: —0.08
(brs, 2H, NH), 0.21 (br s, 2H, NH), 1.68 (t, /=7.6 Hz, 3H,
8,-CH3), 1.75 (d, J=7.3 Hz, 3H, 18-CHj), 2.27~2.77 (m,
4H, 17,-H+17,-H), 3.12 (s, 3H, CH;+OCHs), 3.35 (s,

3H, CH3+OCHj), 3.60 (s, 3H, CH3+OCHj), 3.77 (s, 3H,
CH;+0OCH3), 3.65 (q, J=7.6 Hz, 2H, 8,-H), 4.40 (q, J=
7.3 Hz, 1H, 18-H), 5.20 (d, /=8.6 Hz, 1H, 17-H), 6.19
(dd, J=11.6 Hz, 1.5 Hz, 1H, cis-3,-H), 6.30 (d, J=17.8
Hz, 1H, trans-3,-H), 7.88 (dd, /=178, 11.6 Hz, 1H,
3,-H), 8.59 (s, 1H, meso-H), 9.38 (s, 1H, meso-H), 9.60 (s,
1H, meso-H). & B 5 SCHER[LL]AHF].

4: m.p. 233~235 ‘C: 'H NMR (CDCly) &: —1.03
(br's, 2H, NH), —0.80 (br s, 2H, NH), 1.70 (t, /=7.4 Hz,
3H, 8,-CHy), 1.83 (d, /=7.2 Hz, 3H, 18-CHj3), 1.88~2.48
(m, 4H, 17,-H+17,-H), 3.20 (s, 3H, CH3+OCHj), 3.40 (s,
3H, CH;+0CH,), 3.55 (s, 3H, CH;+0CHj3), 3.65 (s, 3H,
CHs+OCH,), 3.20 (s, 3H, CH;+OCH,), 4.25 (s, 3H,
CHs-+OCHa), 3.72 (g, J=7.4 Hz, 2H, 8,-H), 4.42 (q, J=
7.2 Hz, 1H, 18-H), 5.18 (d, /=10.9 Hz, 1H, 17-H), 6.14
(dd, J=11.5, 1.2 Hz, 1H, cis-3,-H), 6.30 (dd, J=17.8, 1.2
Hz, 1H, trans-3,-H), 7.99 (dd, /=178, 11.5 Hz, 1H,
3,-H), 8.65 (s, 1H, meso-H), 9.48 (s, 1H, meso-H), 9.69 (s,
1H, meso-H). & 8 55 SCHER[10]4H R,

5 m.p. >300 C; UV-vis (CHCl3) Amax: 407
(1.00), 504 (0.08), 543 (0.09), 677 (0.27) nm; *H NMR
(CDCls) 0: 0.85 (br s, 2H, NH), —0.08 (br s, 2H, NH),
1.66 (t, J=7.6 Hz, 8-CH3), 1.80 (d, /=7.2 Hz, 18-CH3),
1.72~1.82 (m, 1H, 17,-H), 2.02~2.14 (m, 2H, 17,+
17p-H), 2.31~2.42 (m, 1H, 17,-H), 3.66 (q, J=7.6 Hz,
8,-H), 3.17 (s, 3H, CH3;+OCH,), 3.33 (s, 3H, CHs;+
OCHs), 3.54 (s, 3H, CHs-+OCHb), 3.62 (s, 3H, CHs+
OCH,), 3.88 (s, 3H, CH;+0OCH,), 4.14 (s, 3H, CHs;+
OCH;,), 4.32 (q, J=7.2 Hz, 1H, 18-H), 4.69 (d, J=8.1
Hz, 1H, 17-H), 6.14 (d, J=11.5 Hz, cis-3,-H), 6.28 (d,
J=17.9 Hz, trans-3,-H), 7.88 (dd, J=17.9, 11.5 Hz,
3a-H), 9.60 (s, 1H, meso-H), 9.30 (s, 1H, meso-H), 8.50
(s, 1H, meso-H); IR (KBr) v: 2972~2878 (C—H), 1728,
1705 (C=0), 1600 (C=C) cm *. Anal. calcd for
C37HioN,Os: C 71.59, H 6.50, N 9.03; found C 71.84, H
6.33, N 9.23.

6: mp. >300 C; UV-vis (CHCl3) Amax: 412
(1.00), 506 (0.07), 512 (0.06), 546 (0.17), 656 (0.08), 691
(0.35) nm; 'H NMR (CDCls) §: —1.25 (br s, 2H, NH),
1.57 (t, J=7.6 Hz, 3H, 8,-CHy), 1.74 (d, J=7.2 Hz, 3H,
18-CHs), 1.90~2.19, 2.39~2.58, 2.66~2.88 (each m,
4H, 17,-H+174-H), 3.08 (s, 3H, CH,--OCH,), 3.2 (s,
3H, CH;+O0CHz), 3.54 (s, 3H, CH;+OCHs3), 3.61 (s,
3H, CHs+OCH3), 3.50 (q, J=7.6 Hz, 8,-H), 4.32~4.48
(m, 1H, 18-H), 4.68~4.87 (m, 1H, 3,-H), 5.16 (dd, J=
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8.2, 4.4 Hz, 1H, 17-H), 5.43~5.56 (m, 1H, 3,-H), 6.51~
6.62 (m, 1H, 3,-H), 8.60 (s, 1H, meso-H), 9.00 (s, 1H,
meso-H), 9.30 (s, 1H, meso-H); IR (KBr ) v: 2983~
2853 (C—H), 1740, 1714 (C=0), 1640 (C=N), 1618
(C=C) cm™ . Anal. calcd for C34H34N4- Og: C 68.67, H
5.76, N 9.42; found C 68.48, H 5.44, N 9.66.

1.2 13- - -a (7) 15-

5 (8 18 (3) 3 -3-
18 (6)

KR 2k -a R (La) AH 1) () A8 A T vk A 2 A
et 4tk -a FHER(1b), 70 alf32] 7 (11%), 8 (14%), 3
(8%) 11 6 (3%).

7: m.p. >300 ‘C; UV-vis (CHCI3) Amax: 390 (1.00),
420 (0.90), 516 (0.14), 678 (0.61) nm; *H NMR (CDCl,) &:
—0.18 (br s, 2H, NH), —2.51 (br s, 2H, NH), 1.62 (t, J=
7.5 Hz, 3H, 8,-CHs3), 1.89 (d, /=7.4 Hz, 3H, 18-CHy),
2.22~2.86 (m, 4H, 17,-H+17,-H), 3.22 (s, 3H, CH3;+
OCHa), 3.49 (s, 3H, CHy+OCH,), 3.60 (s, 3H, CHs—+
OCHs), 3.72 (s, 3H, CHs+OCHs), 3.63 (q, J=7.4 Hz, 2H,
8,-H), 4.68 (q, J=7.2 Hz, 1H, 18-H), 5.16 (dd, J=9.0, 2.0
Hz, 1H, 17-H), 6.23 (d, J=11.8 Hz, cis-3,-H), 6.30 (d, J=
17.8 Hz, trans-3,-H), 8.01 (dd, J=17.8, 11.8 Hz, 3,-H),
8.97 (s, 1H, meso-H), 9.62 (s, 1H, meso-H), 9.67 (s, 1H,
meso-H); IR (KBr) v: 2983~2853 (C—H), 1740, 1698
(C=0), 1640 (C=N), 1617 (C=C) cm . Anal. calcd for
CaH34NLO,: C 72,58, H 6.09, N 9.96; found C 72.47, H
6.23, N 9.73.

8: m.p. >300 C; UV-vis (CHCI3) Amax: 410 (1.00),
510 (0.09), 542 (0.09), 680 (0.37) nm: *H NMR (CDCly) &

—0.40 (br s, 2H, NH), —1.82 (br s, 2H, NH), 1.66 (t, /=
7.6 Hz, 8-CHs), 1.80 (d, /=7.3 Hz, 18-CH,), 2.15~2.82
(m, 4H, 17,-H+17,-H), 3.17 (s, 3H, CH3+0OCHj3), 3.34 (s,
3H, CH;+0CHjy), 3.55 (s, 3H, CH3+0OCHj3), 3.58 (s, 3H,
CH3+O0CHz), 4.18 (s, 3H, CH;+0CHjy), 3.61 (g, J=7.6
Hz, 8a-H), 4.36~4.42 (m, 1H, 18-H), 4.98~5.08 (m, 1H,
17-H), 6.14 (d, J=11.6 Hz, cis-3-H), 6.28 (d, /=17.8 Hz,
trans-3,-H), 7.87 (dd, J=17.8, 11.6 Hz, 3a-H), 9.58 (s,
1H, meso-H), 9.36 (s, 1H, meso-H), 8.53 (s, 1H, meso-H),
115 (s, 1H, CHO); IR (KBr) v: 2970~2878 (C—H),
1728,1710 (C=0), 1600 (C=C) cm ™. Anal. calcd for
CasH3gN4Os: C 70.69, H 6.44, N 9.42; found C 70.82, H
6.24, N 9.67.
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173 A JE-15% 17338 F s -es — FRER(S) (K 1).
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Figure 1 Reaction mechanism of 1a in air-oxidation by basic catalysis
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Figure 2

Reaction mechanism of 1b in air-oxidation by basic catalysis
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Figure 3 Mechanism in the generation of chlorins 6 by conjugated air-oxidation
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