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Structure Transformations on the Groups Linked with C-Pyrrol
Subring of Pheophorbide-a and Synthesis of Chlorin Derivatives
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Abstract Methyl pheophorbide-a ester was used as starting material, and the chemical reactions, including allomerization,
aldol condensation with formaldehyde, nucleophilic addition on the cycloketone, Tiffeneau-demjanov rearrangement with di-
azomethane, were carried out making use of active reaction regions linked with C-pyrrol subring to establish different carbonyl
structures on the exocyclic ring and 12-position. From these new-formed active groups, the novel structures such as nitroge-
nous heterocycle and spirocycle were formed by condensations with o-phenylenediamine or o-aminobenzaldehyde, 1,3-dipolar
cycloaddition with formaldehyde and sarcosine, and other structure transformations. A series of unreported chlorins related to
chlorophyll were synthesized and their chemical structures were characterized by elemental analysis, UV, IR and 'H NMR
spectra.
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M, R — R AR AR IE R R AN AT AR
.

WLEEH 2R 1R-a FAER(1a) T Z R B, Wi 2sohEER
BRI A A AR I B 2R R -a. I lE(MPPa, 1b), XJ3H
S A AR 2] 12-H B ANy (2), 7EEIR
M T 5HEAF KA Tiffeneau-Demjanov M, LA
58%M P F A B 12- LRI FE ML B 2R TR IR-a HIBR(3);
2 A A AR I S A N G BB 5 A8 2K
G, EERMBEY S EH 11%0) 2K FF oK 27 5
F-18 (4), WL 12-47 £ Bk 5 5 40 & 5 2K F O I
Friedlaender [, 53 25%[) 12-MEmbRIEE HUAC A 41 48 % -
18 fiTAEH 5. FIF a4 iR-a 19 13270k PR L 42
SONENE, 52 R AT RS A N, TR 25
T IERRBL KIS AR, 15 B A i o DU ) — S T
A6 (11%)H1 7 (21%), fEHERRIEZA T 54K ik
ARG IR 15% )28 B2 & R BRI 27 1R 8
(Scheme 1).

FIF AW S 2 1) 12-407 P R 35S () A2 S BTG 1,
PAgELEZR By (VB R, TERME %M T2k e B &
HERL A R A Y R R B, (HE RN R
I 22 B2, RAaEH 35%0) 12-F B A=
) 9. ZIRALIE k5 MPPa 4 & R 24 A I 8L
SRRE MY e A T RE G 1 1EH, R

,—a 1a R = CO,CH;

—>1bR=H

OCH,
7

BARREH AN IZ 10 (17%); DAL N IRVJE
¥)'5 MPPa 1b AT HH R 46 A IUSE, W38 T2 BT (1)
B FEaR g (L 1) ZE NN AT AR, T2 LA 27% 01
FERIGH) 13" AL BERR AR AR i B SRR (11). 7R R
FUR, A% b SRR SEER, BEm 3-
XU (R A 5 0 8 S A I ZH IR Sl by, B s v 4
Heh H E-INEEE BRI = 12 (19%); R LG F R
la SR 2 R FRSEATHN A 13- 18R 0k =
7, T3 A 2] 137U S s B R TR SRR 13 (22%)
Fb EBAREAL T 14 (4%) (Scheme 2).
1 BRE®
1.1 (B)REMHEFERTP AT E-SF ENHFER K

VE NI 28 3R B VI B AR = v Jii B ik 4R 1R, L T
E-3R T DY ANRR SR 72 LU sp? IR RAEAE, MERR
(1 4 T2 5 11 B R 5 A T B T B M T B 1) I N
DI 1). 1a TERRME 2 5 BRI 40 & IO, B
SR ERFIEERIGRE ST Ay, HET S R AR
BN, B2 F L= B, TR AN R a
b @FEHNSEENE FHEER, TELEEANSE
T5 e b BB RIE K AE SRR RR, FIT4e H Y e e A
C AR EHL L ANy IEEE 6, £ b-&EH,

Reagents and conditions: (a) AcOH/110 °C; (b) LIOH/THF/MeOH/O,; (c) CHaN,/CH,Cly; (d) LIOH/MeOH/O/0-CoHa(NHy)o/Pyr/TFA;
(€) 0-NH,CgH,CHO/PYITFA; (f) (CH,0),/1/KOH/MeOH:; (g) 0-CgHa(NH,),/TsOH/Toluene
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Scheme 1 Synthetic route of compounds 5 and 8
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Reagents and conditions: (a) LIOH/THF/H,O/CH,N,; (b) VB4/NaOH/EtOH; (c) (CCNNH,)./Pyr/TFA; (d) (CHoNH,)./Pyr/TFA;
(e) sar/3AOMS/p-CH;0CgH4CHO; (f) sar/(CHO),,/TsOH

B2 EY 9~14 15U

Scheme 2 Synthetic route of compounds 9~14
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Figure 1 The transformation process for exocyclic ring structures of methyl (pyro)pheophorbide-a ester
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FERNFFLE T 1a (ERMEZAE T IOBERSRE, S0 i
W E JEHS5ES FEAEMEAG %), KR F It
Bt BT A B L S A F A e S S SR A AR,
SRR F G AN I 14, H 20-meso-i i) #5 F 5
fI5IN, M = nbwy (3 5 FES 1K blane [N T
S — R\ R SRR B R T B G R A% B L IR
ST, AR R R 2 A p b 132 0% 17-H B
it I DR 5 1) S AR 2 S, T DA s Ay 14 1
13-RrAg Y. 24 13% A I 5 17-RLR 740 TR ] — ]
I, R BRI 5 LA T A s — M i AL 2R AL RS
HILTE AR X3, 10 AL A s — 00 B ) H B A A X
B, A — N 0.5~0.7 Z 1AM fb & 14 () C17-J7
TR R L ILAE 6 5.01 4b, M AT HEE A H N
132 $2 A0 17605 14b T RN R #7L. 1b 5 R AN
FEAE R AP, T 3-07 Z M AT
(1, 3-BARIR IR B, R Js B a b Al B 5 H &R
RABEIGR] EARBEILTY) 12 (e 1BE).

M 1a 5 1,3-ABARAA IR0 s B 45 SR AT DA 52, 3-
0L IR FEI 52 H T R TR A 22, SN TR 7 rh b
IR IIMLRE S, B E AR RS 51EN 13- BRI
F 56 g PP S AR ELAE D, R S 2 S R R R TR A
13257 (A XU th i & AR AR N (R [3 4230 & e i,
1.2 (BREREMFES 12-URENUERK

12-57 P R R B - 0k 32 U O 3B AR 25 [,
W C-FIA BA- XUk 5 PR Bk S A6 T i KL T ) 3
WEVEF, R 12-008% AR 7 B o- SRR B R
1b EEENE FHIER TR E—TK, I

B A B T AR G 1S5 %0 TR A OB, AR I T
FAREA ) H (1) 12-00 )5 7 IR Ut A, 55
E I FARMESE NS TR AR Ay B 2, HA
FLEdk a5 2 1 1207 I EE R AR e # 1t SR A I S (B
5 301 2GRN AMEIRER Y K R AARATAE ), BT Rk
I J AT MLEE B 12- LB AR
TNy 3. R, 5 o1b BAMEIRR TR R,
o 1377 IV P e 0 R R 3 1 S B S Wy
3, HESAR g6 R I AR R -18 (4)LLE,
12- 7 F Mk 6 7 55 40 2 4 % I fg 08 R th R A
Friedlaender [V, 53] 12-H7 ML EAR K45 &K-18
Y S(H 2).

TERPEIE R, 4843 VB, P2 AR Ui T 5487
IR AT I AR TR R E M NS EE VB, T
FAEA RN JEE, VB, HEMER E R kS T sh
AN 2 SRR B B, 2t B HE AR RO SRR %
B K, BT &y KIRET0ER, AREE P DY Atk
K IR Z [AIAELE G K A [RIAEBE, VE R I B-F2
SRR FE R, AR IS RI A R Rg B ok, PR
1A F 1) SRR 0 ORI 22 B A ) W 2R AT SR A%
IR U AR A L, BEB 7B N 12-4
AP B R MBS R -a TG 9 AUARE R M, J5
T A R AR ) N I 2 (B 2).
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Figure 2 The structure transformation about C(12)-methyl group of methyl pyropheophorbide-a mester
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Figure 3 The UV-vis spectra of chlorins derivatives linked with different structure on the C-pyrrol subbring
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WA, W 3 FR, {E R0 Fri e 2 4
ZEFEIREAT BRI Qy IS, FFRl2 & T 5K
I BERS TE IO RS IR SR LU S, — S i
AP ORISR A T ORIERE 282 filtn, £k
it B 2R -a Y BR(1b) 1Y B K RT IR i HH BLAE 668 nm
Kb, 4 12-00 B R A BESE I, FE Ay 3 K
RO A 685 nm, FCJR PR LA ik
BT C-73 L 12- (LB OB SE (1 1 KA (2 (1 S 4
PR &R, TESMEIRIN 1300 B AR BRBEAUEE RS Qy (MR
WAL T A E A, 5 1o AL, —ERh Wy AR 7 R
K] WM CHERS 22 672 nm AL; TTIAL &40 8 I AMEH L
IEE AR R E G, AT LGB 132 Ao p A (1S
RIEOIE 5RIIEHE, FIFEREA R o BTk R A5 2
— B RE, T Qy WS AT H BLAE 682 nm (AL E L.

FLITCHMEIAFE e iR IR I — LS i34 2 LA,
BT A SRR A 1 AN 4 53671 3 [ AQy
EEAIAE] 58 nm. BR 7 AMEAIMY R T S0y (2
() oI HER R AAN, BRI FRREE AR X K 3A-P i e
ERIIRL EARR, S 1 PHIERS RIA 731 45 F B 36 T
FERE, AT RO A T S5 K AT GRS R A K R 4L
¥ HIH R, BIEAEY 1118 13147 F IR 5 A
E-5 KA O 57 B MR SR L HE, PRI, sk 1R
A HMEIE BBV Qy WA LIRS SN, BT AL 5t
K] GRS AL B I 4% % 657 nm.
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I C-PH R BT A 1 9 e 5 [X AT R [
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RIS TR 52 2 o v S 7 ¥ I (R R 4t 4, FL i SR OB 1)
HREREALRR THE 12-R0RIAMERR b5 R I & B A
PRI LAAL, 38 W] DAFE LG AMERR BRI AN R T
AR E RIS, BT K R B OBHLER
IE T FE DL RIS A S S 2%, X R G T C-Ilt
% FRJE HE ARG 1R S B, WO AL
SRR R AN AT AR AL T N2 A A
3 LIRS
31 E5EHA

TCES M Perkin-Elmer 2400 & 76 243 A A0 2 ;
IR F Perkin-Elmer 1730 BT 13 5606 B A 2 (KBr
J7); UV-Vis I UV-160A ZE 4N e B il 'H
NMR F] Brucker ARX-400 FUAZREILIRACIE, AkRN
TMS. ATFRAB R aisifb 2ot et 4 ik-a
Fig(1a) AR LB 2R 1R -a HY R (1b) 4% SCHR[12] 1) % 12-
PP S A B0 R I 2R R -a. PG (2) 4% SCHIR[8 ] 1l 4%
32 12-ZEE-12-EREEREMRER-a BEEQ)H
B

# 55 mg A ANGES 2 (0.098 mmol)VE T 10 mL
ZEF G, NN 7 mL H I EE b OB,
JEETUKAE 6 h, AR=FREHARN 2 mL 281, %5
BON 15 mL =& A 20 mL /K20 2, ZKAR I S
(15 mLX3)EH, GIFANZEIHHASEER R, T
WG AE, FIRMERERAEENT[HEMA: vOamEE)
IR ER)=4 1], 53] 32 mg B 3 (0.057
mmol), %% 58%. m.p. 224~227 ‘C; UV-vis (CH,Cl,)
Jmax [€/(Lemol ™ 'ecm™")]: 407 (1.26x105), 506 (1.21X 10%),
575 (1.03X10%, 628 (5.67X10%), 685 (5.21X10%; 1H
NMR (CDCls) 6: 0.12 (br s, 1H, NH), 0.83 (br s, 1H, NH),
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1.60 (t, J=7.6 Hz, 3H, 8-CH;), 1.74 (d, J=7.2 Hz, 3H,
18-CH;), 2.21~2.74 (m, 1H, 17a+17b-H), 2.30~2.36
(m, 1H, 17a+17b-H), 2.51~2.60 (m, 2H, 17a+17b-H),
3.01, 3.23, 3.41, 3.63 (each s, each 3H, 18H, CH;+
OCH,), 3.50 (t, J=7.6 Hz, 2H, 8a-H), 4.06 (d, J=8.8 Hz,
1H, 17-H), 4.24 (q, J=7.2 Hz, 1H, 18-H), 4.98 (d, J=19.6
Hz, 1H, 13*H), 5.15 (d, J=19.6 Hz, 1H, 13%-H), 6.13 (d,
J=11.5 Hz, 1H, cis-3b-H), 6.19 (d, J=17.8 Hz, trans-
3b-H), 7.76 (dd, J=11.5, 17.8 Hz, 1H, 3a-H), 8.17, 8.79,
9.55 (each s, each 1H, meso-H); IR (KBr) v: 3456 (N—H),
2962 (C—H), 1739, 1710, 1689 (C=0), 1660 (C=C),
1565 (chlorin skeleton), 1443, 1245, 1172, 909 cm ™ '. Anal.
calced for C;5H36N,O4: C 72.90, H 6.29, N 9.72; found C
72.77, H 6.21, N 9.55.
3.3 12-ZBhE-12-KFE-(2.3-n)- K HE BRI F 4T 4%
#-18 R4 E K

F5 120 mg —ZUnRr —HH 3 (0.211 mmol)¥& T~ 12
mL PUSPRIR 1, HiPE FINANEA 300 mg S LET 3
mL 7K, FRi0 8 mL FREEARRE; RSN A 2 5Tl S
4 hJE, FH 25%RImReR I SR T pH AR 22 3, F-53 7
BN 20 mL & e 20 mL 7K, 2 A MU, KA
F A A E(15 mL X 3), & 3FAHLEI KB %
— IR, ZTCKIRBREA TR 5 B a7, TR B
fRT5H 150 mg 482 —f% (0.230 mmol)f 15 mL Mg
W, RN =R AER, 50 C&MF RN 4 h; IRE
B2 K, JefainN 15 mL & H 5EA1 20 mL
K2, KM ZEFREERAS mLX3), GHAH
=, PR B BRI 0 G FE K Ve — IR, To/KBRBR T 14,
WeHi g FRE R AT E T 70 BS [ MR VCR ME) @ V(LR
ZBE)=3 1 1], 13 16 mg £ [E 44 4 (0.023 mmol), =%
11%. m.p. 241~244 °C; UV-vis (CHyCly) Apax [e/(Le
mol 'eem ™ H]: 412 (5.23X10%, 501 (1.07X10%), 512
(9.42X10%, 661 (5.01X10%, 746 (9.34X10% nm; 'H
NMR (CDCls) 6: 0.08 (br s, 1H, NH), 0.24 (br s, 1H, NH),
1.68 (t, J=7.6 Hz, 3H, 8a-CH;), 1.82 (d, J=7.2 Hz, 3H,
18-CH3), 2.11~2.37 (m, 1H, 17a+17b-H), 2.44~2.53
(m, 2H, 17a+17b-H), 2.68~2.87 (m, 1H, 17a+17b-H),
3.05,3.27, 3.59, 3.63 (each s, each 3H, CH;+OCHj3), 3.53
(q, J=7.6 Hz, 2H, 8a-H), 4.34 (q, J=7.3 Hz, 1H, 18-H),
5.01 (dd, J=9.0, 3.0 Hz, 1H, 17-H), 6.15 (d, J=11.6 Hz,
1H, cis-3b-H), 6.21 (d, J=17.8 Hz, 1H, trans-3b-H),
7.52~7.58 (m, 2H, Ph-H), 7.81 (dd, J=17.8, 11.6 Hz,
3a-H), 7.94 (dd, J=8.3, 1.6 Hz, 1H, Ph-H), 8.01 (dd, J=
8.3, 1.6 Hz, 1H, Ph-H), 8.30, 9.01, 10.08 (each s, each 1H,
meso-H); IR (KBr) v: 3419 (N—H), 2917 (C—H), 1733,
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1692 (C=0), 1604 (C=C), 1497 (chlorin skeleton), 1436,
1364, 1110, 978 cm™'. Anal. caled for Cy4H3sNgO,: C
72.55,H 5.64, N 12.38; found C 72.31, H 5.79, N 12.47.

3.5 12-(2-MEMKE)-12-EK B E-(2.3-n)-FKFHRRRE 2T
£ %-18 BHE5(5)E R

4 53 mg 12- 21 &MYy 4 (0.078 mmol )i AT
6 mL FHEERmtnE, HHE TN 20 mg AREER H
(0.165 mmol), FiHIN 3 9 =W LER, /Kt 65 CHiFER
i 12 h, Bl BRE RS I 20 mL & b,
F 25% B BRIE R pH HIR 2 3, I 30 mL K5 E,
KA S P2 B (15 mL X 3), & IFEVLE, Hfih
BRI R IRE T K E— IR, To/KIERENT-1%, W4i)E
TERKEE M 2 B[P VOB @ (2R 2=
4:1], 19 15 mg LK 5 (0.020 mmol), F=H 25%.
m.p. 264~266 C; UV-vis (CH,Cl,) Amax [e/(Lemol e
em )] 412 (1.56X10%), 515 (2.18X10%), 536
(1.09X10%, 661 (1.25X10%, 730 (8.74X10% nm; 'H
NMR (CDCls) 6: —1.00 (br s, 1H, NH), 0.82 (br s, 1H,
NH), 1.43 (t, J=7.6 Hz, 3H, 8a-CH;), 2.05 (d, J=6.0 Hz,
3H, 18-CHj), 2.24~2.32 (m, 2H, 17a+17b-H), 2.66~
2.77 (m, 1H, 17a+17b-H), 2.84~2.95 (m, 1H, 17a+
17b-H), 2.22, 2.31, 3.79 (each s, each 3H, CH;+OCH;),
3.64 (q, J=7.6 Hz, 2H, 8a-H), 4.08 (q, J=6.2 Hz, 1H,
18-H), 4.69 (d, J=7.2 Hz, 1H, 17-H), 6.15 (d, J=11.5 Hz,
1H, cis-3b-H), 6.16 (d, J=17.8 Hz, 1H, trans-3b-H), 6.79
(br s, 1H, Ar-H), 7.32~7.45 (m, 4H, Ar-H), 7.61~7.72
(m, 2H, Ar-H), 7.70 (dd, J=17.8, 11.5 Hz, 3a-H), 7.88 (t,
J=8.4 Hz, 2H, Ar-H), 8.00 (br s, 1H, Ar-H), 8.48, 8.95,
10.43 (each s, 2H, meso-H); IR (KBr) v: 3443 (N—H),
2832 (C—H), 1736, 1688 (C=0), 1653 (C=C), 1527
(chlorin skeleton), 1400, 1287, 1189, 793 cm '. Anal.
caled for C4sH4 N,O5: C 75.47, H 5.41, N 12.84; found C
75.27,H 5.49, N 12.69.
3.6 15a-TEREZ—SAMNG-ps = FEE(6)F 13*-TLHE
R EM R ER-a BRES(7)H A AL

268 mg [t 4% fR-a HER(1b) (0.442 mmol)ifi# T
20 mL & H K, JefEmA 120 mg 2R HEFR 100
mg MR, FIRHEEER N 12 h, 035 mL ZKF1 15 mL — 4
ez, 205 2 U IR A 7 B (e R VO k) -
CR OB =4 - 1T RCR SRt iy, R
FE BT R T 15 mL A A B AT )
B, AR N ERSEERN 10 h, BTN
25 mL 7K1 25 mL & W b5 )=, KA & i 2
(15 mLX3), GIHANE, Jofa AR AKES, T
IKBREREN T8, R4 e R AL E AT 4 B [Be Rl ViR
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Bk © MR ZEE)=5: 1], 13 32 mg K 6
(0.049 mmol, 11%)F1 52 mg #EFEE 7 (0.093 mmol,
21%).

6: m.p. 191~194 ‘C; UV-vis (CHyCl) Amax [€/(Le
mol 'eem™")]: 412 (1.07X10%), 508 (1.18X10%), 540
(9.63X10%), 610 (8.56X10%), 668 (4.49X10%) nm; 'H
NMR (CDCls) 6: —1.77 (br's, 1H, NH), —1.60 (brs, 1H,
NH), 1.72 (t, J=7.6 Hz, 3H, 8-CH;), 1.81 (d, J=6.9 Hz,
3H, 18-CH3), 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=7.6 Hz, 2H, 8a-H), 3.33, 3.40, 3.49,
3.59, 3.89, 4.07 (each s, each 3H, OCH;+CHj;), 4.07 (d,
J=9.2, 3.4 Hz, 1H, 17-H), 4.44 (q, 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 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™ !, Anal. caled for C3sH,N,O: C 70.13, H
6.51, N 8.61; found C 69.89, H 6.39, N 8.68.

7: m.p. 188~191 °C, UV-vis (CH,Cly) Amax [6/(Le
mol 'sem™)]: 412 (1.87X10% , 431 (1.60X10%, 523
(1.87X10% , 556 (1.31X10% , 618 (1.30X10%) , 672
(8.79%10°) nm; '"H NMR (CDCly) §: —1.97 (br s, 1H,
NH), —0.06 (br s, 1H, NH), 1.68 (t, J=7.6 Hz, 3H,
8-CH;), 1.86 (d, J=7.4 Hz, 3H, 18-CH,), 1.98~2.10 (m,
1H, 17a+17b-H), 2.31~2.42 (m, 1H, 17a+17b-H),
2.63~2.75 (m, 2H, 17a+17b-H), 3.23, 3.46, 3.54, 3.72
(each s, each 3H, CH;+OCH,), 3.68 (q, J=7.6 Hz, 2H,
8a-H), 4.57 (q, J=7.4 Hz, 1H, 18-H), 4.62 (d, J=9.2 Hz,
1H, 17-H), 6.19 (dd, J=11.6, 1.1 Hz, 1H, cis-3b-H), 6.34
(dd, J=17.8, 1.1 Hz, 1H, trans-3b-H), 6.51 (s, 1H, 13*=
CH), 6.83 (s, 1H, 13*=CH), 8.00 (dd, J=17.8, 11.6 Hz,
1H, 3a-H), 8.70, 9.46, 9.57 (each s, each 1H, meso-H). IR
(KBr) v: 3445 (N—H), 2958, 2835 (C—H), 1736, 1689
(C=0), 1655 (C=C), 1527 (chlorin skeleton), 1400,
1286, 1189, 1094 cm™'. Anal. caled for Ci;sH3N,O5: C
74.98, H 6.47, N 9.99; found C 75.09, H 6.32, N 10.10.

3.7 HH[H5H-1,5-ZRAE)FH[2,3-mIE B AR
2-a FAER(8)RI A A

F5 80 mg AN ER 7 (0.123 mmol)Fl 20 mg 4%
R J(0.185 mmol)¥A AT 15 mL FRRMFZRd, A
20 mg BHRE IR FORTERR, BORAAT T T 110 Culiiai
PEL, TLC M5 S SRR, 12 h [ROBEZE R, a5 1) [ M
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R ZMA 20 mL 7ZKF1 20 mL & H 58, S HANE, K
EH AR RZERL(15 mLX3), SHENE, KiEEH
ToKBRBREN T4, NN 1 mL 2 %0 H bt 2 BRI T3k 5
min, J8 KR GE, B4 W04k kR 2 M 4 B [ -
VA EF) @ MR 288)=4 : 1], 153 18 mg S [E A
8 (0.028 mmol), =& 15%. m.p. 229~232 C; UV-vis
(CH,Cly) Amax [e/(Lemol 'scm™ H)]: 413 (1.24X10%, 513
(1.49X10%), 546 (1.49X10%, 633 (6.21X10%, 682
(4.34%10% nm; '"H NMR (CDCly) 6: —2.27 (br s, 1H,
NH), —0.62 (br s, 1H, NH), 1.61 (d, J=7.3 Hz, 3H,
18-CH3), 1.74 (t, J=7.6 Hz, 3H, 8-CH;), 1.97~2.10 (m,
1H, 17a+ 17b-H), 2.14~226 (m, 1H, 17a+ 17b-H),
2.71~2.82 (m, 1H, 17a+17b-H), 3.02~3.14 (m, 2H,
13%a-H+ 17a+ 17b-H), 3.28 ~3.36 (m, 13>+ 13%a-H),
3.45~3.81 (m, 1H, 13°+13%-H), 3.32, 3.48, 3.88, 3.96
(each s, each 3H, CH;+OCHS,), 3.78 (q, J=7.6 Hz, 2H,
8a-H), 4.65 (q, J=7.7 Hz, 1H, 18-H), 4.74 (d, J=11.4 Hz,
1H, 17-H), 6.18 (d, J=11.5, 1.1 Hz, 1H, cis-3b-H), 6.33
(d, J=17.8, 1.1 Hz, 1H, trans-3b-H), 6.73 (br s, 1H, NH),
7.05 (dt, J=7.4, 1.0 Hz, 1H, Ph-H), 7.24 (dt, J=7.4, 1.0
Hz, 1H, Ph-H), 7.43 (d, J=7.4 Hz, 1H, Ph-H), 7.73 (d, J=
7.4 Hz, 1H, Ph-H), 8.10 (dd, J=17.8, 11.5 Hz, 1H, 3a-H),
8.69, 9.57, 9.60 (each s, each 1H, meso-H); IR (KBr) v:
3429 (N—H), 2915, 2847 (C—H), 1733, 1667 (C=0),
1627 (C=C), 1569 (chlorin skeleton), 1442, 1384, 1299,
1132, 1101, 1063, 982, 893 cm ' Anal. caled for
C4HyuNgO,: C 75.67, H 6.50, N 12.91; found C 75.80, H
6.59, N 12.79.

3.8 12-ZEHEBE-12-XREEREMRER-a Bg
(9HIER

7E 10 mL [FEJRBIRH A 360 mg 4E4:%K B, 0
A 0.5 mL /KA1 1.5 mL JE/K LB, #PIFAHZE 0 C,
AT T 0.5 mL 10%ZEALAN T N 2 5B
W, U pH & 10; 20K, IMANEMET 2 mL LR
60 mg 12- R IEEE MBI 28R -a HEE(2) (0.107 mmol),
60 CREEHFE NN 12 h J&, Jofa MR BAR RN 20
mL 7KF1 20 mL & W, 2HAEIZE, KZH &
FEFEEL(1S mLX3), GHANLE, K¥EEH oK
T, N 1 mL BEE B BRI 2 min, JE
WG, Tl RDERERALE T2 B[P VO )
(IR CBE)=4 © 1], 193 23 mg WLk fE & 9 (0.037
mmol), F=Z 35%. m.p. 207~209 ‘C; UV-vis (CH,Cl,)
Jmax [€/(Lemol 'ecm™")]: 403 (9.49X10%), 415 (5.51 X 10%),
516 (4.56 X 10°%), 619 (2.18 X 10%), 675 (4.54X 10" nm; 'H
NMR (CDCls) 6: —0.07 (br s, 1H, NH), 0.82 (br s, 1H,
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NH), 1.63 (t, J=7.6 Hz, 3H, 8-CH3), 1.74 (d, J=7.4 Hz,
3H, 18-CH3), 1.76 (t, J=7.1 Hz, 3H, 12-CH3), 2.19~2.25
(m, 1H, 17a+17b-H), 2.27~2.38 (m, 1H, 17a+17b-H),
2.50~2.64 (m, 2H, 17a+17b-H), 3.03, 3.23, 3.63 (each s,
each 3H, CH;+OCH3), 3.52 (q, J=7.6 Hz, 2H, 8a-H),
4.08 (d, J=8.9 Hz, 1H, 18-H), 4.27 (q, J=7.2 Hz, 1H,
17-H), 4.80 (q, J=7.1 Hz, 12-OCH,), 4.96 (d, J=19.9 Hz,
1H, 13%-H), 5.12 (d, J=19.9 Hz, 1H, 13*-H), 6.13 (d, J=
11.6 Hz, 1H, cis-3b-H), 6.20 (d, J=17.9 Hz, 1H, trans-
3b-H), 7.78 (dd, J=17.9, 11.6 Hz, 3a-H), 8.20, 8.84, 10.04
(each s, each 1H, meso-H), IR (KBr) v: 3409 (N—H), 2960
(C—H), 1729, 1700 (C=0), 1647 (C=C), 1550 (chlorin
skeleton), 1462, 1376, 1211, 1143, 1053 cm ™. Anal. calcd
for C36H3gN,Os: C 71.27, H 6.31, N 9.23; found C 71.39,
H 6.39,N 9.01.
39 13- [(2-12-ZHE-2-BREZHETREE]13-%
SEREMFER-a BES(10)9 4 AL

109 mg FERBE 28 FR -a H 5 (1a) (0.199 mmol)i%
f# T 15 mL TR, SRE T ) RS
0.1 mL =#{ 48R, FEIMA 30 mg Jifi-2,3- & FE-2- T % —
i, 50 CAMEFBOEHEE 3 h, JERRRMEE, S5
A 20 mL 7K1 20 mL & F e 2, /KA &Rz
(15 mLX3), &IAVAHE, FIMERERFIKGE GRS
TR TRBREA T, JREIRAE, FIRIERERAEENT 0 &
[AEA): VORI @ (IR CBE)=2 © 1], 193] 65 mg
gt E A 10 (0.034 mmol), P#F 17%. m.p. 268~
271 °C; UV-vis (CH,Cly) Amax [¢/(Lemol 'scm™")]: 403
(9.91X10%, 502 (7.73X10%), 625 (8.62%X10%, 658
(1.03%10%, 699 (1.77 X 10* nm; "H NMR (CDCl;) §: —
2.05 (br s, 1H, NH), 0.55 (br s, 1H, NH), 1.71 (t, J=7.6
Hz, 3H, 8-CH3), 1.82 (d, J=7.2 Hz, 3H, 18-CH,), 2.14~
2.24 (m, 1H, 17a+17b-H), 2.28~2.37 (m, 1H, 17a+
17b-H), 2.50~2.59 (m, 1H, 17a+17b-H), 2.65~2.76 (m,
1H, 17a+17b-H), 3.28, 3.45, 3.58, 3.59 (each s, each 3H,
CH;+OCHs;), 3.69 (q, J=7.6 Hz, 2H, 8a-H), 4.45 (d, J=
10.0 Hz, 1H, 17-H), 4.53 (q, J=7.0 Hz, 1H, 18-H), 5.15
(br s, 2H, 13'-N(CN)C=C (CN)NH,), 5.67 (d, J=19.8
Hz, 1H, 13°-H), 5.77 (d, J=19.8 Hz, 1H, 13%-H), 6.18 (d,
J=11.4 Hz, 1H, cis-3b-H), 6.31 (d, J=18.0 Hz, 1H,
trans-3b-H), 8.06 (dd, J=18.0, 11.4 Hz, 1H, 3a-H), 8.65,
9.49, 9.50 (each s, each 1H, meso-H); IR (KBr) v: 3443
(N—H), 2957 (C—H), 1731, 1698 (C=0), 1623 (C=C),
1560 (chlorin skeleton), 1462, 1232, 1170, 1031, 916
cm ! Anal. caled for CsH;zeNgO,: C 71.45, H 6.00, N
17.54; found C 71.51, H 6.11, N 17.69.

1936 http://sioc-journal.cn/
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3.10 13"(R/S)HB[IUS IEME-2’ 13 £ f £ 43 E5-a H
AR])(11)BY & AR

MO8 2,3- 28 56-2- T, IR G%1k
H 10 AR, 1SRG AR A 11, 7% 27%. mop.
231~233 C; UV-vis (CH,CL) Amax [¢/(Lemol 'ecm™')]:
401 (1.01X10%, 504 (2.33X10%), 634 (2.62X10%), 601
(1.08X10%), 657 (5.48X10%) nm; 'H NMR (CDCly) o:
—1.97 (—1.88) (brs, 1H, NH), —1.74 (—1.70) (br's, 1H,
NH), 1.57 (1.62) (t, J=7. 6 Hz, 3H, 8-CH3), 1.7.5 (1.73)
(d, J=7.3 Hz, 3H, 18-CH;), 2.04~2.34 (m, 2H, 17a-+
17b-H), 2.47~2.53 (m, 2H, 17a+17b-H), 2.56~2.66 (m,
1H, 17a+17b-H), 2.14 (21.7) (br s, 1H, 13'-NH), 2.91~
2.30 (m, 1H, 13'-NH-CH,), 3.12~3.22 (each m, 1H,
13'-NH-CH,), 3.30, 3.51, 3.63 (3.54), 3.80 (3.76) (each s,
each 3H, CH;+OCH;), 3.83~4.02 (m, 2H, 13'-0-CH,),
3.84 (q, J=17.6 Hz, 2H, 8a-H), 4.31 (4.34) (d, J=9.4 Hz,
1H, 17-H), 4.49 (4.46) (q, J=7.0 Hz, 1H, 18-H), 5.25 (d,
J=19.9 Hz, 1H, 13*-H), 5.32 (d, J=18.9 Hz, 1H, 13*-H),
6.15 (d, J=11.6 Hz, 1H, cis-3b-H), 6.37 (d, J=17.8 Hz,
1H, trans-3b-H), 8.12 (dd, J=17.8, 11.6 Hz, 1H, 3a-H),
8.85 (8.83), 9.68 (9.67), 9.72 (9.70) (each s, each 1H,
meso-H); IR (KBr) v: 3443 (N—H), 2957 (C—H), 1731,
1698 (C=0), 1623 (C=C), 1560 (chlorin skeleton), 1462,
1232, 1170, 1031, 916 cm™'. Anal. caled for C3sH4NsO;:
C 73.07, H 6.98, N 11.84; found C 72.97, H 6.79, N 11.79.
3.1 13- B EE-13 - E-EHEHFEE-13"-
f-a FER(12)ME A

#4120 mg LAY 1a (0.2.19 mmol)iAEf# T 10 mL 7
RUBM 2R, I 100 mg 3 A 4310, Hitdk Foe)En
A 20 mg WIZ2(0.2.24 mmol)Fl 22 mg X 48 3 2K F fi%
(0.1.62 mmol), 110 CHiFERIL 7 h, WIEZZER], W
R ZRIIAIK 20 mL, 7 HAEVE, KEH Z&H 5K
(20 mLX3)ZEEIFEEHAHUAH, HIKRERN T, sk
JER 48, FRYERERAEZE M2 B BE A V(A
i¥) : V(LR ZH)=4 1], 53] 26 mg BEFEAE 12
(0.042 mmol), /#3% 19%. m.p. 235~239 ‘C; UV-vis
(CH2CLy) Amax [/(Lemol 'ecm™)]: 414 (1.43X10%, 508
(1.21X10%), 538 (1.33X10%), 610 (8.35X10%), 668
(6.56X10%) nm; 'H NMR (CDCl;) §: —1.65 (br s, 1H,
NH), 0.44 (br s, 1H, NH), 1.71 (t, J=7.6 Hz, 3H, 8a-CH3),
1.87 (d, J=7.2 Hz, 3H, 18-CH;), 2.26~2.38 (m, 2H,
17a+17b-H), 2.54~2.72 (m, 2H, 17a+17b-H), 3.24 (brs,
1H, 13'-NH), 3.28 (s, 3H, 13'-NCHj3), 3.66 (br s, 2H,
13'-COCH,N), 3.31, 3.44, 3.61, 3.69 (each s, each 3H,
CH;+OCHs;), 3.71 (t, J=7.6 Hz, 2H, 8b-H), 4.20 (dd, J=

Chin. J. Org. Chem. 2015, 35, 1929~1938



Chinese Journal of Organic Chemistry

8.4, 3.2 Hz, 1H, 17-H), 4.81 (q, J=7.2 Hz, 1H, 18-H),
6.21 (d, J=12.0 Hz, 1H, cis-3b-H), 6.32 (d, J=17.2 Hz,
1H, trans-3b-H), 6.79 (s, 1H, 13*-H), 8.03 (dd, J=17.6,
12.0 Hz, 1H, 3a-H), 8.59, 9.42, 9.54 (each s, 1H, meso-H);
IR (KBr) v: 3454 (N—H), 2963, 2869 (C—H), 1728, 1697
(C=0), 1611 (C=C), 1553 (chlorin skeleton), 1450,
1359, 1223, 1152, 1059, 973, 752 cm . Anal. calcd for
C;37H4N5O4: C 71.71, H 6.67, N 11.30; found C 71.85, H
6.51, N 11.39.

312 13%(R/S)-SZ[N-FRE U S M g-2' 1 3% B i S5 43
Bs-a FAEE)(13)F0 13%(R)-13%-#25-20- 2 FA L AE B 4Nt
4Rfg-a FAER(14) & AL

¥ 174 mg AL&%0 1b (0.287 mmol)¥Ef# T 15 mL 37
TR RZR R, BERE N 5N 30 mg BFAH R R Rl
2. 20 mg AR (0.224 mmol)F 50 mg £ K HEE, T
120 CB it B 10 h, A EJEE0E, JRE&R %
A, FRMARRMAK 20 mL 2, HEHE, KE
M =& F 5220 mLX3)FFEHANA, &TKmERNT
W, WRIRYE, FRVERERAEEN 5 B Via
HER) © (R AR =5 1 1], 153 39 mg BEAFEAE 13
(0.063 mmol, 22%)1 7 mg &L {4 14 (0.012 mmol,
4%).

13: m.p. 217~220 °C; UV-vis (CH,Cly) Amax
[¢/(Lemol "scm™)]: 395 (1.07 X 10%), 504 (8.56 X 10°), 637
(1.07X10%, 609 (1.07X10%, 668 (4.49X10% nm; 'H
NMR (CDCls) 6: —1.09 (—1.13) (br s, 1H, NH), 0.67 (br
s, 1H, NH), 1.63 (d, J=7.1 Hz, 3H, 18-CH3), 1.66 (t, J=
7.6 Hz, 3H, 8-CHs), 2.01~2.13 (m, 1H, 17a+17b-H),
2.26~2.45 (m, 2H, 17a+17b-H), 2.71~2.85 (m, 1H,
17a-+17b-H), 3.79 (3.85) (br s, 2H, 13%-CH,N), 3.64 (q,
J=7.6 Hz, 2H, 8a-H), 2.90~3.92 (m, 2H, 13°-CH,),
4.14~4.67 (m, 2H, 13°-CH,-), 3.19, 3.36 (3.37), 3.44, 3.63
(3.64) (each s, each 3H, OCH;+CH3), 4.38 (q, J=7.0 Hz,
1H, 18-H), 4.67 (4.72) (d, J=8.6 Hz, 1H, 17-H), 6.16 (dd,
J=11.6, 1.0 Hz, 1H, cis-3b-H), 6.27 (dd, J/=17.8, 1.0 Hz,
1H, trans-3b-H), 7.91 (7.93) (dd, J=17.8, 11.6 Hz, 1H,
3a-H), 8.47 (8.49), 9.23 (9.26), 9.43 (9.44) (each s, each
1H, meso-H); IR (KBr) v: 3448 (N—H), 2926 (C—H),
1739, 1690 (C=0), 1654 (C=C), 1551 (chlorin skeleton),
1412, 1080, 780 cm '. Anal. calcd for CsHy;3Ns5O5: C
73.88, H 7.02, N 11.34; found C 73.81, H 6.89, N 11.47.

14: m.p. 235~239 C; UV-vis (CH,CL) Amax [¢/(Le
mol 'eem ™ )]: 404 (1.04X10°), 418 (9.46X10%), 556
(1.46X10%, 645 (5.21X10%, 671 (5.51X10% nm; 'H
NMR (CDCl3) 6: —1.90 (brs, 1H, NH), —1.80 (brs, 1H,
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NH), 1.09 (t, J=7.6 Hz, 3H, 8a-CH3), 2.67 (d, J=7.3 Hz,
3H, 18-CH;), 2.17~2.30 (m, 2H, 17a-+17b-H), 2.73~
2.84 (m, 2H, 17a+17b-H), 3.61 (t, J=7.6 Hz, 2H, 8b-H),
3.33, 3.57, 3.65 (each s, each 3H, CH;+OCHs), 4.24 (br s,
1H, 20a-H), 4.52 (q, J=7.3 Hz, 1H, 18-H), 5.01 (d, J=38.6
Hz, 1H, 17-H), 5.36 (br s, 1H, 20a-H), 6.24 (s, 1H, 13*-H),
6.28 (d, J=11.5 Hz, 1H, cis-3b-H), 6.32 (d, J/=17.8 Hz,
1H, trans-3b-H), 8.20 (dd, J=17.8, 11.5, 3a-H), 8.78, 9.54
(each s, each 1H, meso-H); IR (KBr) v: 3398 (N—H), 2926
(C—H), 1731, 1688 (C=0), 1672 (C=C), 1502 (chlorin
skeleton), 1465, 1305, 1168, 1081, 992 cm™'. Anal. calcd
for C;35H3sN4O5: C 70.69, H 6.44, N 9.42; found C 70.71,
H 6.58, N 9.59.

HHBhA Rl (Sporting information) T A 1L &I LA
WEILHRERE . X LeRA LT DL G 9 AR T I 35 (hittp://sioc-
journal.cn/) I F %k,
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