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Modification for the E-Ring of 13°-Oxo-pyropheophorbide-a and
Synthesis of Chlorin Derivatives

Wu, Xuran Liu, Chao Yang, Ze Yao, Nannan Wang, Jinjun™
(College of Chemistry and Chemical Engineering, Yantai University, Yantai 264005)

Abstract The methyl 13z-oxo-pyropheophorbide-a was used as a starting material and converted quantitatively into pur-
pourin-18 by allomerization and rearrangement in the basic condition. Under the catalysis of BF;, the aldol reaction of aceto-
phenone gave 13'-phenylacylmethylene-substituted chlorin and keto-rhodin, respectively. The Knoevenagel reaction with
malononitrile, condensation with aminothiocarbamide, rearrangement with diazomethane and Grignard reaction with benzyl
megnesium bromide afforded a series of chlorins possessing long wavelength absorption. The structures of all the new chlorins

with basic skeleton of chlorophyll were characterized by UV, IR, '"H NMR spectra and elemental analysis.

Keywords chlorophyll; methyl 13*-oxo-pyropheophorbide-a; chlorin; chemical modification; synthesis
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A Sk, RIS SR Knoevenagel 2 N 15 5
58%I[1) 13" 5 k- 13- L A AR B R 4 -0
(5), HE KA WS N(Oy) R 722 nm. &R R 1 55
SR () 4 B O N T A RO 110 = W I i g i 4
fR-a FHE6, 15%)LIAbN, AR T Atk = R Wi i e £
E 281 -a (7, 5%). B T/NIC =R FEUL &
V) 6 WIS T B ONIR BELL RS, T ] WG R
WAV 2 731 nm Ab; 1A T OB ER S5 R 1 Ay 7
FRAR R 34 21 691 nm.

¥ ANy i 1 EE TR EE, DU B4R AL
WA Tiffeneau-Demjanov EHEFTE T A28, th
T HEE TR RN IR AR R AR DLk, Zadik
FLy B A B 12% 01 3 -1tk v b i AR 11 S 4 deh

(verdino) 45 #4 1) — & nhwy 8, Jdm K] WGk Kk 3|
728 nm. NNy Tl 1 5 IERAL R Grignard MV
F RN AN RS 9, BT R AR AN
Iy, CEXT R RMER AL T, TR v A A ]
Ui, EFEPE AR 1K) S Ul K4 10 (Scheme 1).

1 SLIERS

JCE M1 Perkin-Elmer 2400 %4562 /0 M0 E;
IR JH Perkin-Elmer 1730 B 4041435656 BEAGI 5 (KBr &
J); UV-Vis Il UV-160A V450306 it ; 'H
NMR H] Brucker ARX-300 ZEUAZRESARACI S, WbsA
TMS. i R hy o A Ak 4l 132 4 e B -4t
1R-a IR 3L SCHRIT1]H#%

Reagents and conditions: (a) NaOH/O,/CH,Cl,; (b) PhCOCH/BF;+Et,O/dioxane; (c) NEt/CH2(CN); (d) NH,NHCSNH,/AcOH; (e)

Scheme 1
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BHlLE

R ER

1.1 I%%-18 BEQ)BIAH

¥ 124 mg (0.220 mmol) 13-4 FE ek -4
fi-a (D)%AT 15 mL PUERRIE 1, 285 A 1 mL 20%
AN, A EERZE 4 h )5, Bkt
N RV pH 3. PRI 40 mL KA1 30 mL 4K
Hkesr )2, KIZHEVIZERERS mLX2), &IFHEHLZ,
AKYE, FTCKBR BN T-J5, 0 bR 25 R 20 v ), s
ARV S 1 R e A B VR 40 T TG B 2 7, KR
RS FEZ T SR AR IFR: WL L) -
VOGECkE)=1 : 4]%3 115 mg (0.198 mmol)ZL {4 [H 14 2,
PR 90%. M EE S ek — 0
1.2 13%-ER-13- KRBT R E-13"- K G EREMEF
B4-a FIEg(3)#0 13%15" - Z S 4EANKERES (4) B9 & A

¥ 50 mg (0.089 mmol) 13> 5 AR AE AL £fR-a
BR(DYE T 1.5 mL T 40N 3, I 0.15 mg K&
Wi, 25 RN 0.1 mL = #ALII RS, =
WAEEE, TLC WM, SN 4 h G459, in 20 mL 7K1 20
mL "HEH B E, KA AR AR (20 mL X 3),
HIFE N, FKVEE G T CK B ER N 05, W 75
BRI, T A 00 e e AR JZ AT B R IR (R
V(WNE)=12 : 1], 321 mg (0.032 mmol, %3 36%)#
6774 3 116 mg (0.011 mmol, 7= 12%)E (4774 4.

3: m.p. 238~241 ‘C; UV-Vis (CH,Cl,) Ayay (relative
intensity): 399 (1.00), 428 (0.10), 510 (0.086), 628 (0.18),
684 (0.356) nm; 'H NMR (CDCLy) 6: —1.97 (br s, 1H,
NH), —0.06 (br s, 1H, NH), 1.73 (t, J=7.6 Hz, 3H,
8-CH,), 1.85 (d, J=7.4 Hz, 3H, 18-CH;), 1.98~2.08 (m,
1H, 17a+17b-H), 2.23~237 (m, 1H, 17a+ 17b-H),
2.57~2.85 (m, 2H, 17a+17b-H), 3.78 (q, J=7.6 Hz, 2H,
8a-H), 3.34 (s, 3H, OCH;+CHj3), 3.49 (s, 3H, OCH;+
CH3), 3.53 (s, 3H, OCH;+CHs), 3.58 (s, 3H, OCH;+
CHs), 4.61 (q, J=7.0 Hz, 1H, 18-H), 5.14 (dd, J=8.0, 2.1
Hz, 1H, 17-H), 6.21 (d, J=11.6 Hz, 1H, cis-3b-H), 6.33
(d, J=18.6 Hz, 1H, trans-3b-H), 7.63 (t, J=7.7 Hz, 2H,
Ph-H), 7.71 (t, J=7.2 Hz, 1H, Ph-H), 8.18 (s, 1H, 13b-H),
8.13 (dd, J=18.6, 11.6 Hz, 1H, 3a-H), 8.39 (d, J=7.6 Hz,
2H, Ph-H), 8.90 (s, 1H, meso-H), 9.72 (s, 1H, meso-H),
9.86 (s, 1H, meso-H); IR (KBr) v: 3454 (N—H), 2925~
2858 (C—H), 1708~1730 (C=0), 1654, 1618 (C=C),
1461 (chlorin skeleton), 1448, 1380, 1253, 1172, 1083,
1010, 800, 729 cm ™ '. Anal. calcd for C4H4oN,Oy: C 75.88,
H 6.06, N 8.43. found C 75.60, H 6.19, N 8.21.

4: m.p. 196~199 °C; UV-Vis (CH,Cl,) Ayay (relative
intensity): 401 (1.00), 499 (0.06), 531 (0.04), 619 (0.04),
665 (0.25) nm; 'H NMR (CDCly) §: —2.26 (br s, 1H,
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NH), —0.06 (br s, 1H, NH), 1.74 (t, J=7.6 Hz, 3H,
8-CH3), 1.80 (d, J=7.4 Hz, 3H, 18-CHj3), 2.20~2.39 (m,
IH, 17a+17b-H), 2.62~2.72 (m, 2H, 17a-+ 17b-H),
2.75~2.84 (m, 1H, 17a+17b-H), 3.79 (q, J=7.6 Hz, 2H,
8a-H), 3.36 (s, 3H, OCH;+CH;), 3.50 (s, 3H, OCH;+
CHs), 3.57 (s, 3H, OCH;+CHs), 3.64 (s, 3H, OCH;+
CH;), 4.60 (q, J=7.3 Hz, 1H, 18-H), 5.00 (d, /=8.4 Hz,
1H, 17-H), 4.71 (tt, J=13.0, 4.6 Hz, 2H, 13b-H), 5.01 (tt,
J=13.0, 4.4 Hz, 2H, 13a-H), 6.21 (dd, J=11.6, 1.3 Hz,
1H, cis-3b-H), 6.33 (dd, J=17.8, 1.3 Hz, 1H, trans-3b-H),
8.15 (dd, J=17.8, 11.6 Hz, 1H, 3a-H), 8.93 (s, 1H,
meso-H), 9.71 (s, 1H, meso-H), 9.91 (s, 1H, meso-H); IR
(KBr) v: 3436 (N—H), 2925~2858 (C—H), 1704~1735
(C=0), 1674 (C=C), 1539 (chlorin skeleton), 1519,
1400, 1176, 1054, 906, 730 cm '. Anal. caled for
C3sH3sN4O3: C 74.71, H 6.81, N 9.96; found C 74.58, H
6.74, N 9.69.
1.3 13%-ER-13-ZHE R E-13- KR EB EMH G-
a FBE(5)MIE X

¥ 134 mg 137 ACERBLBEM SER-a FHK(1) (0.238
mmol)¥%fi# T 15 mL /K ZEEH, A 130 mg (2.165
mmol) A —fE, BN 0.3 mL =241%, ZAAY FHIR
SN S h, I 20 mL KA1 20 mL & FHkesy 2, A
BUZ, KZEH =& EEAE(30 mLX3), HHAHARG
P 1% ER BRIV K BEVR, A1 WU T8 J g s vk
2, R SRR V(SR OER) ¢
VOECE:)=3: 1], 3 74 mg (0.121 mmol)i&£L {4, (1] [iEl
1K, F2F 51%. m.p. 190~193 C; UV-Vis (CHCls) Amax
(relative intensity): 407 (1.00), 425 (0.35), 472 (0.36), 512
(0.28), 618 (0.08), 722 (0.91) nm; 'H NMR (300 MHz,
CDCI) 6: —1.98 (brs, 1H, NH), 0.51 (br s, 1H, NH), 1.70
(t, J=7.6 Hz, 3H, 8-CH3), 1.88 (d, J=7.3 Hz, 3H,
18-CH3), 1.95~2.07 (m, 1H, 17a+17b-H), 2.18~2.43
(m, 2H, 17a+17b-H), 2.67~2.80 (m, 1H, 17a+17b-H),
3.35 (s, 3H, CH;+OCH3;), 3.50 (s, 3H, CH;+OCH3), 3.51
(s, 3H, CH3+OCHj3;), 3.62 (s, 3H, CH;+OCHj), 3.75 (q,
J=17.6 Hz, 2H, 8a-H), 4.63 (q, J=7.5 Hz, 1H, 18-H), 5.11
(d, J=8.0 Hz, 1H, 17-H), 6.30 (dd, J=11.5, 1.0 Hz, 1H,
cis-3b-H), 6.36 (dd, J/=17.8, 1.0 Hz, 1H, trans-3b-H), 8.08
(dd, J=17.8, 11.5 Hz, 3a-H), 8.94 (s, 1H, meso-H), 9.50
(s, 1H, meso-H), 9.80 (s, 1H, meso-H); IR (KBr) v: 3434
(N—H), 2866, 2927 (C—H), 2337 (CN), 1724 (C=0),
1652(C=C), 1510 (chlorin skeleton), 1452, 1263, 1213,
908, 730 cm . Anal. caled for C3;H3N4O3: C 72.77, H
5.61, N 13.76; found C 72.60, H 5.40, N 13.91.
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1.4 3-BE-(5,6-n)-=MEHEREMERER-a FE(6)F0
1'2-Z5 1',2'4-SH-3-FREE[5', 137 E B M 3L -a
MBS (7) B & B

I 109 mg (0.194 mmol) 13-4 CAE LBk SRR -a H
WG T 5 mL ZIeh, FEA 75 mg (0.822 mmol)
FIEARAR, EHRHEFE N, TLC M, 36 h [V 5E4s,
KA AR 2, KM =& A H (20 mL X 3),
G AN, HKYES, KRR T, FHesE T
SR TR R SR PP e A B 4 47 O TR B 2 5 70, R AR i
AR JE T4 B R IFF: VCR) @ V(R =12 : 1],
3% 44 mg (0.070 mmol) ¥ a[E A 6 A1 9 mg (0.016
mmol) 2 (A [ 44 7, ;=253 51104 36%H1 8%.

6: m.p. 232~235 ‘C; UV-Vis (CH,Cly) Ay (relative
intensity): 430  1.00), 528 (0.10), 569 (0.08), 682 (0.10),
731 (0.22) nm. '"H NMR (400 MHz CDCls) 8: —0.33 (br
s, 1H, NH), 0.02 (br s, 1H, NH), 1.65 (t, J=7.6 Hz, 3H,
8b-CH3), 1.78 (d, J=7.3 Hz, 3H, 18-CH3), 2.22~2.36 (m,
1H, 17a+ 17b-H), 2.53~2.63 (m, 2H, 17a-+ 17b-H),
2.76~2.79 (m, 1H, 17a+17b-H), 2.86 (s, 3H, CH;+
OCH;+SCHj3), 3.17 (s, 3H, CH;+OCH;+SCHj3), 3.31 (s,
3H, CH;+OCH;+SCH3), 3.58 (s, 3H, CH;+OCH;+
SCH3), 3.60 (s, 3H, CH;+OCH;+SCH3), 3.59 (q, J=7.6
Hz, 2H, 8a-H), 4.40 (q, J=7.0 Hz, 1H, 18-H), 4.83 (dd,
J=8.0, 2.0 Hz, 1H, 17-H), 6.17 (d, J=11.6 Hz, 1H,
cis-3b-H), 6.22 (d, J/=17.8 Hz, 1H, trans-3b-H), 7.93 (dd,
J=17.8, 11.6 Hz, 1H, 3a-H), 8.46 (s, 1H, meso-H), 9.29 (s,
1H, meso-H), 9.40 (s, 1H, meso-H); IR (KBr) v: 3445,
3250 (N—H), 2996~2878 (C—H), 1730 (C=0), 1655
(C=C), 1560 (chlorin skeleton), 1440, 1088, 750 cm .
Anal. caled for C3sH37N,0,S: C 68.44, H 5.90, N 15.52;
found C 68.60, H 5.70, N 15.51.

7: m.p. >300 ‘C; UV-Vis (CH,Cly) Apax (relative
intensity): 401 (1.00), 434 (0.40), 521 (0.12), 628 (0.18),
691 (0.61) nm; "H NMR (400 MHz, CDCl;) 9: —2.01 (brs,
1H, NH), 0.12 (br s, 1H, NH), 1.61 (t, J=7.6 Hz, 3H,
8b-CHj3), 1.93 (d, J=7.2 Hz, 3H, 18-CH;), 2.12~2.38 (m,
2H, 17a+ 17b-H), 2.32~2.44 (m, 1H, 17a+ 17b-H),
2.63~2.75 (m, 1H, 17a+17b-H), 2.86 (s, 3H, CH;+
OCHj;), 3.18 (s, 3H, CH;+OCH;), 3.46 (s, 3H, CH;+
OCHs), 3.64 (s, 3H, CH;+OCHs3), 3.55 (q, J=7.6 Hz, 2H,
8a-H), 4.57 (q, J=7.3 Hz, 1H, 18-H), 4.94 (d, J=7.8 Hz,
1H, 17-H), 6.19 (d, J=11.4 Hz, 1H, cis-3b-H), 6.29 (d,
J=17.8 Hz, 1H, trans-3b-H), 6.55 (br s, 1H, 13*- N-NH),
7.40 (brs, 1H, 13-HN-N), 8.04 (dd, J=17.8, 11.4 Hz, 1H,
3a-H), 8.86 (s, 1H, meso-H), 9.05 (s, 1H, meso-H), 9.66 (s,
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1H, meso-H), 13.50 (s, 1H, 13%-NHCS); IR (KBr) v: 3450
(N—H), 2925~2860 (C—H), 1743~1708 (C=0), 1604
(C=C), 1531 (chlorin skeleton), 1400, 1311, 1134, 902,
705 cm” !, Anal. caled for C35H3,N;05S: C 66.12, H 5.87,
N 15.42; found C 66.29, H 5.69, N 15.48.
1.5 3-ArenmE-15a-F 5 B 54 B Hf B B5(8)HI & X

# 111 mg (0.197 mmol) 1358 ACH AL LR -a
B AT 10 mL S5, A 20 mL AR TS L
Pk, I T B B RE, TLC Al s Vg R, 8 h
RIVEEH, BRI 5 mL 488, VIR 2 R EA
e, SRIGIIN &Rk % 30 mL 255, A LA
IKPEER (20 mLX3), LLER L &ML, o AaNLE,
FTG/K B RN T4, 980k 25 bR 7, I 500~800 H i
A2 O B R ITHR): VER) © VNE)=10 : 1143
38 mg (0.059 mmol)Zk (A [l {4 8, /& 30%. m.p. 217~
220 C; UV-Vis (CH,Cly) Anax (relative intensity): 410
( 1.00), 479 (0.04), 528 (0.06), 617 (0.18), 738 (0.34); 'H
NMR (CDCls) 6: —0.07 (br s, 1H, NH), 0.76 (br s, 1H,
NH), 1.62 (t, J=7.6 Hz, 3H, 8-CH3), 1.71 (d, J=7.3 Hz,
3H, 18-CH;), 1.85~1.95 (m, 1H, 17a+ 17b+ 4'-H),
1.97~2.08 (m, 1H, 17a+17b+4"-H), 2.21~2.53 (m, 3H,
17a+17b+4"-H), 2.68~2.77 (m, 1H, 17a+17b+4'-H),
3.56 (q, J=7.6 Hz, 2H, 8a-H), 3.03 (s, 3H, OCH;+CH;),
3.10 (s, 3H, OCH;+CHs), 3.58 (s, 3H, OCH;+CHj), 3.71
(s, 3H, OCH;+CHj), 4.26 (s, 3H, OCH;+CHjy), 4.15 (q,
J=6.9 Hz, 1H, 18-H), 4.73 (dtd, J=17.7, 9.5, 2.8 Hz, 1H,
5°-H), 4.86 (dd, J=9.1, 2.8 Hz, 1H, 17-H), 5.42 (dd, J=
17.7, 9.5 Hz, 1H, 5'-H), 6.10 (s, 1H, 13*H), 6.47 (t, J=
12.0 Hz, 1H, 3°-H), 8.28 (s, 1H, meso-H), 8.70 (8.69) (s,
1H, meso-H), 9.39 (s, 1H, meso-H); IR (KBr) v: 3448 (N—
H), 2926 (C—H), 1739, 1690 (C=0), 1655 (C=C), 1551
(chlorin skeleton), 1080, 780 cm ~'. Anal. caled for
C37H40NgO4: C 70.23, H 6.37, N 13.28; found C 70.46, H
6.40, N 13.07
1.5 13%ER-13- KT RE-13-XFEMREMH R -a
FHEE(10)R0 & B

# 106 mg (0.188 mmol) 1325 ACEE LM 25 R-a FT
BR(DE T 15 mL TR PUEMR S, 0 °C R n) e MV AE
Zin 1 mL S EERALEE( mmol/L), TLC Wil 2 v, ik
B F A 30 min J5 RV, FE N 2 mL 418
LT, SRJETIMAN 15 mL WA SALEE W, BERE 10 min
JEFIIA 30 mL SRS 2, FH &R A UK A
(20 mLX3), HIFANLZ, HIKRBRS T8, sz
BRUEHL K TSR BRSO R A 30 nL TR
HOFIIAN 10 mg XFHOREERR, RIS 2 h, SE)E
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BHlLE

R ER

KN MR IR ZAN KRS, gl B 24550, H 500~
800 [ Ak Ji il #% i 2 (il o B[ RETF A V(OR) ¢
V(NET=10 : 1A, 155 50 mg 2t 14 8 (0.079
mmol), %% 42%. m.p. 203~205 ‘C; UV-Vis (CHCl;)
Amax (relative intensity): 412 (1.00), 516 (0.11), 572 (0.03),
624 (0.06), 683 (0.50) nm; '"H NMR (CDCl3) 6: —1.77 (br
s, 1H, NH), 0.35 (br s, 1H, NH), 1.63 (t, J=7.6 Hz, 3H,
8-CH3), 1.84 (d, J=7.3 Hz, 3H, 18-CHj;), 2.29~2.40 (m,
2H, 17a+17b-H), 2.67~2.88 (m, 2H, 17a+17b-H), 2.93
(s, 3H, CH;+O0CHj;), 3.21 (s, 3H, CH;+OCHj), 3.43 (s,
3H, CH3;+OCH;), 3.58 (s, 3H, CH3;+OCH3), 3.60 (t, J=
7.6 Hz, 2H, 8a-H), 4.56 (q, /=7.3 Hz, 1H, 18-H), 5.11 (d,
J=8.5 Hz, 1H, 17-H), 6.12 (d, J=11.4 Hz, 1H, cis-3b-H),
6.25 (d, J=17.9 Hz, 1H, trans-3b-H), 7.52 (t, J=7.2 Hz,
1H, Ph-H), 7.60 (t, J=7.4 Hz, 2H, Ph-H), 7.84 (d, J=7.4
Hz, 2H, Ph-H), 8.03 (dd, J=17.8, 11.3 Hz, 1H, 3a-H),
8.16 (s, 1H, 13'-C=CH), 8.81 (s, 1H, meso-H), 9.34 (s,
1H, meso-H), 9.68 (s, 1H, meso-H); IR (KBr) v: 3458
(N—H), 2925~2856 (C—H), 1739~1701 (C=0), 1616
(C=C), 1550 (chlorin skeleton), 1517, 1461, 1363, 1226,
1039, 993, 738 cm ™. Anal. caled for Cy;HyoN,O5: C 77.33,
H 6.33, N 8.80; found C 77.60, H 6.40, N 8.91.

2 #RE5HE
2.1 E-IRZTEIRYLF R A
BIELE E-IR B SINBR T X F IR A5 I it

I RN BAAL, EAMEIA 38 B 5E 2k 5 L R SLAR L
JL B3R AT ORIRE T HIRI sp” 24 B, BREA
XU b AR A B e 18] R S5 A R 2 A B 1R LA 22
K, RflAME E-IREBE RIS, 554, A4
PEFRIE (AH ELAEF, A 2 1 1 SE U 1Y) 5 v i
T3 P, B8 B e A 25 W B s AT B HE s B DL AR 7
THINRE. JLT-LLE B R AR 5 R -18 L7
F L, W7 o3 M d W BRE 25 A N B-BA Ak 2 A AR
IR 2 SR Y. 2%, SRS TR 13147
B, TR ANy e 5 S A0 AR AT
R A Sy A A, 2321 N R SRAZ N A%
PRI NEE B, ARG L — 2 il A A 1Rk
4145 25-18 (2) (Scheme 2).

TE5 R O R AR & R NS R, 2288 5 R 1)
HEALTE B Zs S Ak C, K5, Ml R Sk
13" i 5k 25 AL s b ik D, i T3 E-FRTY
[ A S IEE, — 70, 2R CEVE AR BOssE E-2R
(1) B-J0 1 i 4 U R A j — &Ry 3 (Route a); o) —
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