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Chemical Reactions of 132-Oxo-

pyropheophorbide and Synthesis of

Chlorophyllous Chlorins Derivatives
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Abstract Pyropheophorbide-a methyl ester and its 13%-oxoed derivatives were used as starting material, and the oxy-
gen-containing functional groups were established on the chlorin periphery by oxygenation with agent and allomerization. The
functional group transformation was carried out by classic reactions including Wittig and Grignard reactions in E-ring, elec-
trophilic substitution at 20-meso-position and 1,3-dipolar cyclocaddition with C(3)-vinyl group. The molecule structure, reac-
tive site and chemical selectivity of 13*-oxopyropheophorbide-a were also discussed. The syntheses of a series of unreported
chlorins related to chlorophyll were accomplished and their chemical structures were characterized by elemental analysis, UV,

IR and '"H NMR spectra.

Keywords chlorophyll-a; chlorin; 132-oxopyropheophorbide-a; chemical reaction; synthesis
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R

(1) & IR S R HEAT b A8, A Rl — R B oK ILARE
SRR AN

FE T G -a TS (1a) 25 /S8 T DL Ak R
132 SRR B SR -a S (b)), 34428 MU AL TL Bl 3L
HEAT AL, S R AR B A DUAS BRI I — E b3 (2);
L UG JFRL 5 R R I AL OB B B4 HE 58% I C(3)-—
A IRV SRR (3), & H /KRR, 75
H 73%0 AN —ERESER(4). A INE R MPPa
1 18R % meso-FEMEEM 2% 12-a HER(S, 90%), fERE L
BRI N R A S AR, 215 B ANy R (6,
21%) SN EREE(7, 17%) 1 0 —HHEE8, 5%)
(Scheme 1).

FEAMET AN 1b FER AN KR T S
W OREREEER, X EiZ RAAR9a,
37%)H1(9b, 14%); 5 E=BREE ) Grignard B 45 H R
FHNR AT AN EHEE 10a A1 10b, A& E, H
FEBR AR A JBE 7K U032 358 4 PO T B 36% 1 E-2X 1312 . F 3
FERBEH SRR 9a Al 21%01) Z-3X 1322830 I 3 A Bk i
SRR, ERBRMEILT, 1b 5 R MRS ER RS A S v A
Ji& 46% 1) 20-il 2% — AN (12). WK G TG, 2 N-
TRART R (NBS)SRAR AN = Z A B R AL A, BT
BAMIEFIES 1b KB 13- N, 45 55 5
W E-REALEHE R R -18 iTAEMI(13, 58%); iEFRE
RGN 1, 3-EWIAS & A AL 9a BEAT 2RI

SR, T4 3 X Sk £ R SO PR ) — S Wy (14, 64%)
(Scheme 2).
1 HREWR
1.1 132 EREBREMFIN L FER R E K N R
2 AR ) 2 BRI 5 B PEAR R A Y E
H AN KIS, R I A AR A
AV EARIE [, B AN [F] (e BEAT A R 0 R R I
RIATACL B 1 1b A 1by A2 I3 SRR 1B £
RO MM AMFREENAE TR, Hd, =K
Fe-18-58 4% 1b 2 R A RARREE I HF AR, A2 R
HALZAT N I B IR EE N, 75 1b (105 7 1 Bk
R R PAEEE 7-8 A7 8] A io0 G, PRI E AT T3 3B 4
TR B I R BIRRAE, AIDU R ERAT C(3)-TFE &)k
AR P &by st 8 A, H C(7)—C8)MUERIR 7Y 5 %
N BT, S —ANBR I T 5 & -k R
Z AN R AL TE 1by H C T IR 12-F0 13-4 BTk 2 1],
H B 5 B-IR RIS B S5 0. FERIE 2= S I R
H, 1b [ /MZER E1b 1] DUFE AL R R 2 48 71 2 1 E1b'
A E1b®, AIH(E E-A LM E— iR U, 5 TE
12-f7_E 5153k — > HEERE . % by 4 20T LUK BN,
FIt E-RFHI R E1b" B3 FE A A AR (B R 75
TR LEH, 2 E1b* [T A 15 K 3K 5

Reagents and conditions: a) OsO4/Pyr/NalOy; b) TI(NO3)3/NaHSOj3; ¢) 80%HCO,H; d) H//P-C; e) LIOH/THF/MeOH/H,0/0,

B 1 M 2R S AT R A RN

Scheme 1 Oxygenation of pyropheophorbide-a and its derivatives
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Reagents and conditions: a) PhsPCH,PhBr/NaOH; b) THF/PhCH,MgBr; ¢) TsOH/Benzene; d) HNO3/H,SO4; ) PACHNOH/NBS/TEA,;
f) CH,Clo/MeOH/CH,N,

B2 132 SR -a TR AL 22 S

Scheme 2 The reactions of 13%-oxopyropheophorbide-a methyl ester

B by RS A AR R A S S B

Figure 1 The aromatic conjugated system of chlorin diketone and structural transformation
T RREAE A REHX BT &M R 1by, E(RIR S
PE T RIS TR S B 32 A A N R, e NI ZE R ES B R B R AT

IR B 7 E7 L E6 LLIE 5 T, M EE i he

FIAEA S SR IR], 2wy 1% 11 7= 26 th i 2 3 ™. 448 55 A D5 vk R — B, 137 SRR B B R T
Ut A8 T O 7 Bz ok B ANy i 7, Bl LA 3 4 A2 2% AR . JRAEAE 5-, 10-81 20-f7 E
Chin. J. Org. Chem. 2015, 35, 181~190

© 2015 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 183



BIHE

T =N AERUR meso-A, (H I LU R B Ak 4%
PEHUR AAE 20-07 F. &MY 1a A1 1b FIEREREA
T ¥ AT i S W AE 20-meso- i bR B HE % 1) HAL
i, HJR K AT VA 458 20-meso-ir P2 T V32 (R Rk 45 44
5 51 10-meso- B WA 75 PEE T A F (B 1,
A, BERREHREMT) B Hol Ll N et S S
A KRB C IR HEE L), 20-meso-Dr FI—MER FET5 &
PER A S50, TR TR F R R 5
(175 B PERFAE, BT LA, HRIELE AL TR meso-
2T UG P P9 i 20 3 DU ARL G S5, DAL, 20-meeso- 7 7
N T SE AR O B R R N s T T, AR
FARFIBEBCANE ) meso-Bii, AT b IE 851 ik
SEMEW AR AAFE(E 1, B): 20-02 3B R 2§58 C(19)—
C(20) 8] {17 XUER T R T 24, B A2 IR Bk OF &8 7 IR R 98 K&
BT AN, S, SEERANE 5- 10-621
S HHE ORI B R X 2. AT BT R R I S T 4
B Wi R O7 B MERE(FH LR o R RFEG 4
T, T JE AR B BOURER T s 73R C R RE T
L.

AMEEIR BRI 132 FE i B 4R AR R I 45
H, FA IO R — AR T DL sp” I a2k 1k,
P I T TR B2 000 DI e AR AT A7 — 3 36 (10 Bl RS P T
ANyt eh NN e 042 O X, BAR 13-
PEBRFE R S NIR S T C-D FRus ] () [ S RE 77, (BRI B
KT RALE nh R BREEE 1+ 1a A 1b
meso-fr J T A0 78, SR AR A 1 4804k s R
A DA RCBA S s . i dn, FERLEET A K- FEE(1a)
[ C(3)-MHE 2 0sO4 Al NalOy [FIA AL JLT- LLE & 1 77 5%
AR AR SR ER-d WG, T 13°-EE LB SRR (1b)
FEAR ) ) S L 46 1E T W R B H AR e i R e i, — &
Ny RS 2 (077 St R B 78%. SRR, 3-07 23
R PR AT TS 13- AR AR R A T

1b 5EMWRHF R AR INRIE 4 h ARIETSERL, 1M
MPPa 1a f{IAH R 00 75 2 8 htY),

1.2 13-FREGEM RIS AR R E YR
LEMFRAE

137G ACEE B 4R BRIV C-D P 1) B3 AT
PGy, B A IR BB S 17-R1 18- B
JRF, HTE TR SRS RN ], R
PR TAAE S A2 S B R AR FEANS . Btk 2 4b, —
SN i b [ 307 LI EA E-2Rd 131 13247 3k
BB AE T T, RN IR R
M5 C=C 8t C=0 RN, ZHEHEN 7
FIRIR A Fe 0l TR a3t R A T BOAG 23R
B — B NSARZE R, 13- AN B #TH
TE BRI P A S AL RE A BT AN, BTEA, 1b S50 H
A 9a SEE LN 13-ABAIA NS R 45 KA R
EL i) RIS(EE S/RK A4 13 £ 14.

Wik 2 Fizw, 1b [ E-3F i 5 75 3 = 2R B AL g 1)
Wittig 5o N F I R 4 1D X 3 49 1 R0 ST AR s 6 1
BT 17-17 R i B 3 A ST AR BH, Wittig 5500 T [ 13%-
PEERIE R AN, Rl aip L RWES 13006
SRSV SN, TR R B MR o (R 44 € R34 50 M ST A
FtAc 9a Al 9b, o E-HUFT Z- (1) 3 1 Lefpl, BERITETE K
VU eI R AR ISR R, 3 BRI AR AW 2 ik PR
SO ETT M. 1b 5 BRAEET) Grignard V)
DX G B PR AN A 22, % 25 £ 00 P N R B AT S it 1
RN, RIEBKF=Y)9a 5 11 FELHIS © 3), AT LU
ws b HE T HH P AR D EE R R B B SR, 1T 9a Al
11 53 BB E-20A Z-200 2 00 78 43 Hi e et it 7K 25
B TR SIARE —1k, Bldh(afk D 13 S
13"a- 47 () —ANEJR 7 4b T I BT K, BT 13247
PREEAOALF S, 13" a- A 2R R E ) S5 AL T A A

B2 &0y —FR 1b 7F Wittig A Grignard S N 5 ) SEARIE$ 14

Figure 2 The steroselectivities of chlorin diketone 1b in Wittig and Geignard reactions
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[ E 78RR FE AR A GO 75 17-07 R g 2k
A AR, DRI, 2% 35 f B 17 34 438 5 00T T A R bS 4
SN 13 AL B S XU

7] 73 SEHIK 9a. 9b FT 11 (K37 AL Ry ml DL it HA%
LRI AR Ah—1] DG F ARAE: Wk 3 FioR, 9a
Fob 78 13"y _B3ER K X, L&Y 11 I N 45
PR 13°47 E, 3 170 F TR E-TRBRIEH)
R A5 1) S PR S SE A AN A, AT ) 132 At 5 17-
PR FARAR, wT UG H AT Rt n B Wi e, R4
B 17-H 22008 aM3A # 3, HZL 0 XU I (1) 3
SRS S B IAE 0 5.10 A1 5.11 Ab, 17 PE B 0z Y
18- 5 T R SO ) 56 AR ), A& 11 1 13-4
PRI B AL TR, X 170 EUR FARAASBE I AT fr]
SO, BT DA, RS AR 1 PR AT 0 Bt AR G B AR, R AU
JEA O 4.33 Kb AU A, 13 a-hr b2 IEA (R
Ji TS 9a Al 9b fEALEEEM L — 22 5%, 27 HBLE
3 8.16 1 7.93 Ab FIBBR T 1 (1) HLUE A5 5 [R) e bR AE 12K
B2 (B a), SRR B 13207 PR AL IR PR B bk, Pk
B E-PRBR SOV ) 7 Wi sk Bk, T LA, 9a HHAE § 8.16
Ab B BRIEAE S 1 13 a- AR T AL B R % EET 1376
BikE, RIENAETAH RG], VETE 6 7.93 Kb AH R
Wil sz 13- AU FRE S 132 Iz, BT bA
9b I ZERERE B 137G, LA 11 1 13°-AX
B Z-A A NE T 4SS DGR, KA R EIR
17-hJfF 5 13%a-r i FAH 52

AT WG R AN TR R 2
ZNHTH T ES BN EESR L —, TN
BAHBUR T ARFEA B L. B 1 F 1b i5E
NZLNZ v (55 B 1 A 50 075 45 W 2 KR s i e
(ILHIIAR R, 76 3-hralE 13'-0r iy ik 7L 3 [4]
A LA IR B 2 L 5 AT e R e 1) 9a 1
9b (K AT WGBS #R A2 683 nm, 5 11 HIAHM
(676 nm)AHELLLAS T 7 nm. BSRAE 13'-F0 13247 F
L T AR R PR R, (AR FTSIN n-ik RIS EGE
1) A7 2508 (push-pull effect), 7EF4TT N*-N? #iija]

[ 13- T AR S H AT s Bh (e Ju, P
TR LT R P B AR B T 13- B [ 1 i 45
B, AR E T ANy 11 [ E-IR BRI N %
T 13240

2 #ig

132 S AR LB SRR -2 F R A E-3R 48 B st 454
MU T 07 E R IR R, KR
SV T BRI, 7R — e FEEE R T ORI
RO A=Y FIVAT S M i1 BN B2 O o N DS VA VAN = K A
SEHIAR. Wittig. Grignard A1 13-4 38N k&4 84 7Y
b2 R0, AE N2NZ il 5] A1 20-meso-fir_E 7] LA Rt
fTEREA R AL, RN, FIR 132 AL BRIEAE AL 24 B Hh e
R B XSRS R E R, SRR A ST AR R AR AE
[ Bk G R 2R ANy AT AR B AR TR A &
7.
3 LIRS
3.1 NE5RFA

TEEA M Perkin-Elmer 2400 70240 A I 58
IR F Perkin-Elmer 1730 BYZT 4143656 FE AN 7€ (KBr J&
J7); UV-Vis Fl UV-160A RUEAM 66 iH-dlE; 'H
NMR ] Brucker ARX-300 FURZREILIRAGE, WFrA
TMS. T FR I R o i s sl fb 4. A B BE T 2R R -a
H B (1a) 2 SCHR[ 141 45 13250 BE M 24 R-a (1b)
T2 SCHR[SBHI & meso-EEIBET 28R -a (5)F% SCHR[ 10141
.
3.2 3-BEE-13-FREMEMFEE-a FEEQ)MA

7 35 mL PUEPRIR 5 fE 126 mg A1) 1b (0.224
mmol), FAIIA 0.5 mL MEEE; 7HAMK 80 mg PUSALEK
(0.031 mmol)¥&fRLE 2 mL PYEMLIH, 75 0 C AR ZITH
PN EINR PR GER: WWEARE T FHE ISR
FAL RMZIE T NaHSO, WA FEER R ), S35 76 iR
JERBEEE 30 min, (REFEBEHEHEE 4 h, MALER

13'a-H
(8.16) 13%a-H
17-H 18 H (7.93)
61 9a (4.53) 9a 9b
N \
!l‘hu { | w oy |
W W L
_/,' | S _.Jl |JJ |~L._ PR v
T T 1 L
5.0 4.5 8.0 8.0

B3 &0 9a. 9b A1t 17-0 18R 13 a-hL T HIL 2RI RS
Figure 3 The chemical shifts of protons at 17-, 18- and 13'a-position in chlorins 9a, 9b and 11
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R

NaHSO; 7E 50% i A (R AT S EE 20 min, i€
b2 =S RO EYOE, B 100 mL &
FEAl 80 mL 7K, 7 HAENUZE, FIC/KEREREN T8 )5 bk 2
WA, TR E ST 15 mL FEER IR 1 g 5
i, SRR T 15 mL 7K 400 mg NalO, 8 N\ B4
R, B SR A AR N, 30 min 5 RN
SEEE NN 100 mL 7K A0 80 mL — 4 F ke, iduE, A
BUZ, B 2500 5 A E AT 0 R i e AT 43 85 [ e i 771
WFRZTR) @ VOECkE) =1 1], 15 99 mg 2 (ol {4k 2
(0.175 mmol), =& 78%. m.p. 236~239 ‘C; UV-vis
(CH,Cly) Amax [¢/(Lemol 'ecm™H)]: 420 (1.33X10%), 520
(7.74 X 10%), 567 (2.89 X 10%, 668 (1.71 X 10%), 703
(7.65%10% nm; 'H NMR (CDCl;) §: —0.30 (br s, 1H,
NH), 0.65 (br s, 1H, NH), 1.74 (t, J=7.6 Hz, 3H, 8-CH3),
1.90 (d, J=7.4 Hz, 3H, 18-CH3), 1.97~2.07 (m, 1H,
17a+17b-H), 2.25~2.43 (m, 1H, 17a+17b-H), 2.67~
2.85 (m, 2H, 17a+17b-H), 3.37, 3.60, 3.81, 3.84 (each s,
each 3H, CH;+OCH;), 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: 3476 (N—H), 2927, 2854 (C—
H), 1741, 1685 (C=0), 1633 (C=C), 1556 (chlorin
skeleton), 1464, 1355, 1261, 1101, 806 cm™'; EI-MS m/z:
565.6 (M+H"). Anal. caled for C3;H3,N4Os: C 70.20, H
5.71,N 9.92; found C 70.33, H 5.50, N 9.79.

3.3 3-2,2-"HREZH)13Z-EREHFEMFEL-a FES
(B)HIEM

¥ 169 mg 1b (0.300 mmol)¥&fE T 2 mL &k,
FEhN 20 mL HEERGRE, UK BB I T 30 mL H
FE(1) 150 mg —/KARSEREE(ER: AHIREERITE! FJE 11X
B T B AR T NaHSOs 1A (1) B ), 7EIkiE
JE IR Y 45 min, SAJ5 M0 30 mL VAR R SN F I
PRIVEW, IR I HERE 20 min J5, WH0 2 mL WK EERIR
IR B, K A EDUE A, B2 AT AR Ui,
kM Z & R esr =, o A HUZE IR IR, JoKER
FR AN T, DR Aa, Tl R Gk IR AT JE AT 43 5 [ e i
F: VO ER) @ (R ZTER)=4 : 1], 3% 109 mg H 43k
&4 3 (0.174 mmol). 753 58%. m.p. 191~194 C;
UV-vis (CHyClL) Amax [¢/(Lemol 'ecm™1)]: 386 (1.26 X
10%), 416 (9.32X10%, 514 (1.51X10%, 619 (6.30X 10%),
668 (7.06X10%; '"H NMR (CDCly) 6: —2.54 (br s, 1H,
NH), —0.07 (br s, 1H, NH), 1.67 (t, J=7.6 Hz, 3H,
8-CH3), 1.91 (d, J=7.6 Hz, 3H, 18-CHj), 2.27~2.40 (m,
2H, 17a+17b-H), 2.66~2.86 (m, 2H, 17a+17b-H), 3.29,
3.45,3.49, 3.60 (each s, each 3H, 18H, CH;+OCH;), 4.18
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(d, J=5.3 Hz, 2H, 3a-H), 4.96 (q, J=7.2 Hz, 1H, 18-H),
5.04 (t, J=5.3 Hz, 1H, 3b-H), 5.17 (d, J=6.4 Hz, 1H,
17-H), 8.97, 9.54, 9.69 (each s, each 1H, meso-H); IR
(KBr) v: 3459 (N—H), 2959 (C—H), 1737, 1717 (C=0),
1662 (C=C), 1564 (chlorin skeleton), 1443, 1241. 1171,
1074, 906 cm™'; EI-MS m/z: 625.1 (M+H"). Anal. calcd
for C36H40N,O¢: C 69.21, H 6.45, N 8.97; found C 69.30, H
6.59, N 8.79.
3.4 3-BERE-1Z-FRENEHEE-2 FEG)HE
103

¥ 98 mg (0.157 mmol){t. 54 3 ¥ f#T 10 mL 80%
(PR KR, =3 PERE 24 h, i 20 mL /KA1 40 mL
TEFREAE, KR, B 1S mL ORTRRER SRR
ek, FRKBE—IR, THIRAR 5 R 24 40 B [ e it
Al VOAHES) @ M(CRRCTR)=4 : 1], 13 66 mg FfH
& 4 (0.115 mmol), =% 73%. m.p. 205~207 C; UV-vis
(CH5Cly) Amax [¢/(Lemol 'ecm™)]: 420 (9.46X10%, 520
(1.14 X 10%, 5.67 (4.80 X 10°), 638 (4.80 X 10°), 672
(3.87X10% nm; 'H NMR (CDCly) §: —2.41 (br s, 1H,
NH), 0.58 (br s, 1H, NH), 1.73 (t, J=7.6 Hz, 1H, 8-CH3),
1.87 (d, J=7.3 Hz, 3H, 18-CHj), 2.25~2.38 (m, 2H,
17a+ 17b-H), 2.63~2.81 (m, 2H, 17a-+ 17b-H), 3.35,
3.47, 3.59, 3.80 (each s, each 3H, CH;+OCH;), 3.75 (q,
J=17.6 Hz, 2H, 8a-H), 4.69 (q, J=7.3 Hz, 1H, 18-H), 5.06
(br s, 2H, 3a-H), 5.16 (d, J=8.1 Hz 1H, 17-H), 9.01, 9.58,
9.81 (each s, each 1H, meso-H), 10.22 (s, 1H, CHO); IR
(KBr) v: 3442 (N—H), 2966 (C—H), 1741, 1735, 1689
(C=0), 1650 (C=C), 1563 (chlorin skeleton), 1438,
1401, 1256. 1166, 1081, 722 cm '; EI-MS m/z: 579.5
(M-+H"). Anal. caled for C34H3,N,Os: C 70.57, H 5.92, N
9.68; found C 70.40, H 6.07, N 9.59.
3.5 13%-FK-meso-E i M 435 -a BIES(6). 12-FAEL
H-meso-EERi £ 3 8k-a BE(7)F 12-BELE 135
K-meso-EE R $ At 4REL -a FRER(8)HI & X

B 323 mg meso-fE i BE M 4¢ -2 FHEE(S) (0.587
mmol)¥% T 15 mL PUSREREH, I 0.425 g LIOH(V& i#
T 4mL /K, H 8 mL MeOH #ike) TP # H, =i
WEOCRIZUARFE 6 h, HiFE T AcOH A ZRERME(pH=3),
TN &R AK S 2, H & AR AS mLX3),
GIFENZE, KRR TE, wEZT, HAH S mL
ARG, NS E R EF P SERTE 1 min
J&, F AcOH PR K, Fn &P ErKyE, Kz
F & B AEL(25 mLX3), &FENE, KEMIX,
F K BRER AN T, R ik 4e, Tl T REIR AT JZ= 4T 43
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BLEmR: VOR) © V(AEE) =20 : 1)(FH T 2K 1 w8 1!
T 2 R 38 XU P 56 BAE 2T 70 29), 43 70 mg B £ ] 44
6 (0.123 mmol, 21%)~ 57 mg T {A &4 7 (0.100 mmol,
17%), 17 mg £t & {4 8 (0.029 mmol, 5%).

6: m.p. 201~203 ‘C; UV-vis (CH,Cly) Apax [e/(Le
mol 'eem™")]: 385 (1.01 X 10%, 503 (1.01 X 10%), 513
(6.06X10%), 601 (1.58X10%), 666 (3.13X10%); 'H NMR
(CDCly) §: —2.78 (br s, 1H, NH), —0.35 (br s, 1H, NH),
1.50 (t, J=7.7 Hz, 3H, 3b-CH,), 1.73 (t, J=7.6 Hz, 3H,
8-CH3), 1.90 (d, J=7.4 Hz, 3H, 18-CHj), 2.27~2.43 (m,
2H, 17a+ 17b-H), 2.69~2.76 (m, 1H, 17a-+ 17b-H),
2.78~2.87 (m, 1H, 17a+17b-H), 3.36 (q, J=7.7, 2H,
3a-H), 3.11, 3.33, 3.37, 3.60 (each s, each 3H, CH;+
OCH,), 3.82 (q, J=7.6 Hz, 2H, 8a-H), 4.67 (q, J=7.4 Hz,
1H, 18-H), 5.13 (dd, J=9.1, 2.2 Hz, 1H, 17-H), 8.90, 9.37,
9.10 (each s, each 1H, meso-H); IR (KBr) v: 3454 (N—H),
2960 (C—H), 1730, 1687 (C=0), 1654 (C=C), 1596
(chlorin skeleton), 1448, 1386, 1305, 1099, 1047, 993, 905
em'; EI-MS m/z: 5654 (M+H"). Anal. caled for
C34H3eN,O4 C 72.32, H 6.43, N 9.92; found C 72.26, H
6.40, N 9.81.

7: m.p. 217~220 C; UV-vis (CHy,Cl) Amax [/(L*
mol 'eem™")]: 397 (1.38 X 10°), 505 (1.11 X 10%, 515
(8.28X10%), 601 (2.21X10%, 678 (4.28X10%; 'H NMR
(CDCly) 6: 0.31 (br s, 1H, NH), 0.60 (br s, 1H, NH), 1.61
(t, J=7.7 Hz, 3H, 3b-CH;), 1.65 (t, J=7.6 Hz, 3H,
8-CH;), 1.72 (d, J=17.3 Hz, 3H, 18-CH3), 2.19~2.36 (m,
2H, 17a+17b-H), 2.50~2.60 (m, 2H, 17a+ 17b-H), 3.04,
3.11, 3.64 (each s, each 3H, CH3;+OCH3), 3.48 (q, J=7.7
Hz, 2H, 8a-H), 4.22 (q, J=7.3 Hz, 1H, 18-H), 3.62 (q, J=
7.7 Hz, 2H, 3a-H), 4.02 (d, J/=8.8 Hz, 1H, 17-H), 8.07,
8.62, 9.80 (each s, each 1H, meso-H), 11.29 (s, 1H,
12-CHO); IR (KBr) v: 3323 (N—H), 2955 (C—H), 1739,
1718 (C=0), 1602 (C=C), 1500 (chlorin skeleton), 1450,
1263, 1089, 1041, 902, 700 cm™'; EI-MS m/z: 565.4 (M+
H"). Anal. caled for C3,H3¢N,O,4 C 72.32, H 6.43, N 9.92;
found C 72.46, H 6.69, N 10.03.

8: m.p. 225~228 C; UV-vis (CH,Cl) Amax [¢/(L*
mol 'eem™1)]: 409 (1.13 X 10°), 507 (5.65X 10%), 515
(6.78X10%), 611 (1.58X10%, 685 (3.50X 10%); '"H NMR
(CDCly) 6: —1.54 (br s, 1H, NH), 0.45 (br s, 1H, NH),
1.64 (t, J=7.7 Hz, 3H, 3b-CH3), 1.77 (t, J=7.6 Hz, 3H,
8-CH3), 1.90 (d, J=7.4 Hz, 3H, 18-CH3), 2.20~2.32 (m,
1H, 17a+ 17b-H), 2.37~2.46 (m, 1H, 17a+ 17b-H),
2.66~2.80 (m, 2H, 17a+17b-H), 3.61 (q, J=7.6 Hz, 2H,
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8a-H), 3.19, 3.30, 3.62 (each s, each 3H, CH3;+OCH,),
3.87 (q, J=7.7 Hz, 2H, 3a-H), 4.56 (q, J=7.4 Hz, 1H,
18-H), 5.01 (dd, J=9.0, 2.1 Hz, 1H, 17-H), 8.74, 9.27,
10.18 (each s, each 1H, meso-H), 11.49 (s, 1H, 12-CHO);
IR (KBr) v: 3394 (N—H), 2921 (C—H), 1741, 1706, 1689
(C=0), 1614 (C=C), 1525 (chlorin skeleton), 1458,
1364, 1037, 907 cm ™ '; EI-MS m/z: 579.4 (M+H"). Anal.
caled for C34sH3N,Os C 70.57, H 5.92, N 9.68; found C
70.50, H 5.79, N 9.65.
3.6 13'(E)-13"-FEBEXEAFP-FREH EMHFER-a B
Bi5(92)#0 13'(2)-13"- KB X &-13°-F R EB EM 3B -a
ERES(9b)HI A BR

#4156 mg &MY [ 1b (0.277 mmol)iAf#E T 10
mL A e, BERE TN 80 mg BALEIE = IR AL,
FIMNEMRT 3 mL /KK 10 mg SEAANER, AR
P, EIREDEHRE R R 40 min, A 20 mL K, &
FIGEZEEL(15 mL X 3), &FFANAH, FICKBERN T8,
PR ZE BRI, TRV RERAE BT [TEMF: VOeE) -
VIR =10 : 1](H TR A m EEPE ! 78 w200 38 AU P
SENAEENT 5, 18 65 mg FEEAY) 9a (0.103 mmol,
37 %)F1 25 mg A4 9b (0.039 mmol, 14%).

9a: m.p. 213 ~ 215 C; UV-vis (CH,Cl) Apax
[e/(Lemol 'scm™")]: 412 (1.56 X 10%), 516 (2.18 X 10%), 536
(1.09X 10%, 641 (1.25%10%, 683 (8.74%X10* nm; 'H
NMR (CDCls) 6: —1.82 (br s, 1H, NH), 0.35 (br s, 1H,
NH), 1.72 (t, J=7.6 Hz, 3H, 8-CH;), 1.81 (d, J=7.3 Hz,
3H, 18-CHj), 1.98~2.19 (m, 1H, 17a+17b-H), 2.26~
238 (m, 1H, 17a+17b-H), 2.52~2.75 (m, 2H, 17a+
17b-H), 3.32, 3.46, 3.51, 3.66 (each s, each 3H, CH;+
OCHs), 3.74 (t, J=17.6 Hz, 2H, 8a-H), 4.53 (q, J=7.1 Hz,
1H, 18-H), 5.10 (d, J=8.5 Hz, 1H, 17-H), 6.17 (d, J=11.3
Hz, 1H, cis-13b-H), 6.30 (d, J=17.8 Hz, 1H, trans-13b-
H), 7.06 (t, J=7.1 Hz, 1H, Ph-H), 7.50 (t, J=7.4 Hz, 2H,
Ph-H), 7.59 (t, J=7.4 Hz, 2H, Ph-H), 7.93 (s, 1H, 13'-C=
CH), 8.15 (dd, J=17.8, 11.3 Hz, 1H, 13a-H), 8.82, 9.52,
9.80 (each s, each 1H, meso-H); IR (KBr) v: 3458 (N—H),
2926 (C—H), 1739, 1701 (C=0), 1616 (C=C), 1550
(chlorin skeleton), 1517, 1463, 1363, 1226, 1039, 738
em 'y EI-MS m/z: 637.5 (M+H"). Anal. caled for:
C41H4N4O5 C 77.33, H 6.33, N 8.80; found C 77.52, H
6.48, N 8.68.

9b: m.p. 203 ~ 205 C; UV-vis (CH,Cl) Apax
[e/(Lemol 'scm™")]: 412 (9.85 X 10%), 516 (1.08 X 10%), 572
(2.96 X 10%), 624 (5.91X10%, 683 (4.83X10% nm; 'H
NMR (CDCls) 6: —1.77 (br s, 1H, NH), 0.35 (br s, 1H,
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NH), 1.63 (t, J=7.6 Hz, 3H, 8-CH;), 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, 3.21, 3.43, 3.58 (each s,
each 3H, CH;+OCHj3), 3.60 (t, J=7.6 Hz, 2H, 8a-H), 4.56
(q, J/=7.3 Hz, 1H, 18-H), 5.11 (d, J=38.5 Hz, 1H, 17-H),
6.12 (d, J/=11.4 Hz, 1H, cis-3b-H), 6.25 (d, J=17.9 Hz,
1H, trans-13b-H), 7.52 (t, J=7.2 Hz, 1H, Ph-H), 7.60 (t,
J=17.4 Hz, 2H, Ph-H), 7.84 (d, /=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, 9.34, 9.68 (each s, each 1H, meso-H); IR (KBr)
v: 3469 (N—H), 2929 (C—H), 1747, 1699 (C=0) 1606
(C=0C), 1533 (chlorin skeleton), 1458, 1311, 1170, 1137,
1081, 1020 cm™'; EI-MS m/z: 637.5 (M+H"). Anal. calcd
for C4;H4N,O3 C 77.33, H 6.33, N 8.80; found C 77.22, H
6.51,N 8.91.

3.7 13%E)-13°- kBN E &M EMEER-a BES(11a)f0
13"(2)-13"- KA X E- 13- F R EPBLEMHRL-a FEE(9a)
B & B

FE 15 mL )81 DY S % % 106 mg 1b (0.188
mmol), FE B FE KA TN 1.5 mL R ER LB
(Immol/L), I, 55 min J5i4 0 2 mL 2R 288, &
JE PN 15 mL AN S B B FE 10 min, &
H e B UK AH(20 mL X 3), & HANLE, HICKHR IR
THE, JERBRSSIET. R IR AR ) 10 EHT
16 30 mL T, FEIIA 10 mg X H 2GR, 50 CHit
PEONE 72 h, S JE PR TARNBR R SN R K R IR N,
PR B 2R, R AR JZ A [BE MR VR - A
Ai)=10 : 17177 B R SIRE V(TR @ # e £ m 2
It XUHE A 8 AT S M 70 1), 4581 26 mg SR [E 4
11 (0.040 mmol, 21%)#i1 43 mg # 2. [# 14 9a (0.068 mmol,
36%).

11: mp. 203 ~ 205 °C; UV-vis (CHyCly) Amax
[¢/(Lemol ~'scm ™ H]: 411 (1.07 X 10°), 513 (0.09), 552
(9.63 X 10%, 635 (7.49X10%, 676 (4.39X10% nm; 'H
NMR (CDCls) 8: —0.07 (br s, 1H, NH), 0.55 (br s, 1H,
NH), 1.71 (t, J=7.6 Hz, 3H, 8-CH,), 1.91 (d, J=7.3 Hz,
3H, 18-CH3), 2.01~2.15 (m, 1H, 17a+17b-H), 2.28~
238 (m, 1H, 17a+17b-H), 2.59~2.68 (m, 1H, 17a+
17b-H), 2.74~2.83 (m, 1H, 17a+17b-H), 3.26, 3.45, 3.55,
3.70 (each s, each 3H, CH;+OCHj;), 3.71 (t, J=7.6 Hz,
2H, 8a-H), 4.56 (q, J=7.3 Hz, 1H, 18-H), 4.79 (d, J=9.5
Hz, 1H, 17-H), 6.19 (d, J=11.6 Hz, 1H, cis-3b-H), 6.32 (d,
J=18.0 Hz, 1H, trans-3b-H), 7.48 (t, J=7.5 Hz, 1H,
Ph-H), 7.57 (t, J=7.5 Hz, 2H, Ph-H), 8.10 (d, J=7.5 Hz,
2H, Ph-H), 8.03 (dd, J=18.0, 11.6 Hz, 1H, 3a-H), 8.22 (s,
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1H, 13-C=CH), 8.71, 9.47, 9.60 (each s, each 1H, me-
so-H); IR (KBr) v: 3454 (N—H), 2962 (C—H), 1728, 1693
(C=0), 1610 (C=C), 1552 (chlorin skeleton), 1450,
1222, 1153, 1039, 840 cm ™ '; EI-MS m/z: 637.4 (M+H").
Anal. caled for C4HyN,O5: C 77.33, H 6.33, N 8.80;
found C 77.51, H 6.47, N 8.97.
3.8 20-FHE-13%-FRER EM R -2 BES(12)M AR

# 117 mg 1b (0.208 mmol)iAf# T 10 mL =& F )%
W INA AT 2 mL SRR IFRHER A, =R S
h, RIVEEHRGHEIN 150 g Bk, 502 JEH & Pl
(50 mLX3), GHANE, KEH IR, HICKHRER
T, DRERR LA, PR A EAT YR VOeE)
VIR =10 : 115 & [ ORGP TR s 2! 78
e R PRI XU P 58 AT JE AT 20 ), 49 58 mg LA fE 4k
12 (0.096 mmol), =3 46 %. m.p. 202~205 ‘C; UV-vis
(CH5Cly) Amax [¢/(Lemol 'ecm™ H]: 434 (1.17X10°), 538
(1.29 X 10%), 568 (1.40 X 10%), 646 (2.11 X 10%, 700
(5.27%10% nm; "H NMR (CDCly) 6: —2.21 (br s, 1H,
NH), —0.25 (br s, 1H, NH), 1.64 (t, J=7.6 Hz, 3H,
8-CH3), 1.73 (d, J=7.4 Hz, 3H, 18-CH3), 2.11~2.20 (m,
1H, 17a+ 17b-H), 2.22~2.38 (m, 2H, 17a+ 17b-H),
2.51~2.73 (m, 1H, 17a+17b-H), 3.28, 3.56, 3.65, 3.82
(each s, each 3H, CH;+OCH;), 3.74 (q, J=7.6 Hz, 2H,
8a-H), 4.96 (q, J=7.0 Hz, 1H, 18-H), 5.24 (dd, J=9.1, 3.6
Hz, 1H, 17-H), 6.19 (dd, J=17.8, 1.5 Hz, trans-3b-H),
6.35 (d, J=11.5, 1.5 Hz, cis-3b-H), 7.96 (dd, J=17.8, 11.5
Hz, 1H, 3a-H), 9.92, 9.78 (each s, each 1H, meso-H); IR
(KBr) v: 3436 (N—H), 2924 (C—H), 1726, 1678 (C=0),
1622 (C=C), 1585 (chlorin skeleton), 1373, 1283, 1014,
912 cm'; EI-MS m/z: 608.6 (M+H"). Anal. calcd for
C34H33NsOq: C 67.20, H 5.47, N 11.53; found C 67.06, H
5.40, N 11.69.
3.9 3-5'(RIS)-3-FHEH-4'5-—5(5-FIEME)-3-E2
IHELT 5 E-18 BES(13)ME A

# 300 mg NBS (1.30 mmol)&7% T 2 mL T4 &
FGErR, —RMEMA 185 mg ZKFEEH5(1.50 mmol), 20
min J5RALEE R, N 234 mg &AM i 1b (0.416
mmol), FFHERIEME, KA 2 mL &R m
160 mg = ZF&AE 15 min PR SR, SRR RN 4
h; JAA 25 mL & FHEAT40 mL K52, 43 AU
F/K#EQ0 mL X 3), ¥ 5k Rk 4n, FERAEZE T2
[Pl MR M) @ VIECki=4: 1], 155 168 mg
2L [l 44 13 (0.241 mmol), 7=# 58%. m.p. 213~216 C;
UV-vis (CHyCl) Amax [¢/(Lemol 'ecm™ ] 410 (9.08 X
10%), 506 (6.36X10°%), 542 (1.36X10%), 652 (9.99X 10%),

Chin. J. Org. Chem. 2015, 35, 181~190



Chinese Journal of Organic Chemistry

700 (2.72X10% nm; 'H NMR (CDCl;) 6: —1.08 (br s,
1H, NH), —0.21 (br s, 1H, NH), 1.61 (t, J=7.5 Hz, 3H,
18-CH3), 1.76 (d, J=7.4 Hz, 3H, 8-CH;), 1.98~2.12 (m,
1H, 17a+ 17b-H), 2.15~2.35 (m, 1H, 17a+ 17b-H),
2.42~2.62 (m, 2H, 17a+17b-H), 2.99, 3.37, 3.60, 3.75
(each s, each 3H, CH;+OCH;), 3.57 (q, J=7.5 Hz, 2H,
8a-H), 4.00 (dd, J=17.0, 9.8 Hz, 1H, 4'-H), 4.32 (dd, J=
17.0, 8.3, 1H, 4'-H), 4.40 (q, J=7.40 Hz, 1H, 18-H), 5.19
(d, 1H, J=8.4 Hz, 1H, 17-H), 7.00~7.07 (m, 1H, 5'-H),
7.49~7.56 (m, 3H, Ph-H), 7.87~7.97 (m, 2H, Ph-H),
8.60, 9.44, 9.55 (each s, each 1H, meso-H); IR (KBr) v:
3452 (N—H), 2957 (C—H), 1732, 1726 (C=0), 1608
(C=C), 1520 (chlorin skeleton), 1434, 1363, 1256, 1089,
908 cm '; EI-MS m/z: 698.5 (M+H"). Anal. calcd for
C41H3NsO4: C 70.57, H 5.63, N 10.04; found C 70.60, H
5.51,N 9.94.
3.10 3-[3'(RIS)-4'5- =5 -(3-Atmemk £))-13"(E)-13"-
FEXE-I-ECHE 1P-FREBEM 222 BAS
(14)H9E R

¥ 88 mg 9a (0.138 mmol)¥&f# T 3 mL & HF ki,
FRSEE N 3 mL HEEAT 25 mL 5 & F b BT, =
R BB L 24 h, BRI S mL R AR
ELZRMEET B, REIMA 30 mL — & e 30 mL
K E, BHM KSR =R, S HEHE, KR
BRAN T, DR dE, PSR e Bk =0 70 B [ e
T MR CTR) © V(AR =1 : 3], /5% 60 mg I
B {08 4 14 (0.088 mmol), 7% 64%. m.p. 248~251 C;
UV-vis (CHyCL) Amax [¢/(Lemol 'ecm™H]: 409 (1.24 X
10%), 507 (1.49X10%, 534 (6.20X10%), 607 (7.44X10%),
636 (4.71 X10%, 686 (5.21 X 10*) nm; 'H NMR (CDCl5) &
—1.72 (br s, 1H, NH), 0.35 (br s, 1H, NH), 1.68 (t, J=7.6
Hz, 3H, 8a-CH3), 1.84 (d, J=7.2 Hz, 3H, 18-CH,), 1.97~
2.16 (m, 1H, 17a+17b-H), 2.25~2.40 (m, 1H, 17a+
17b-H), 2.65~2.86 (m, 4H, 17a-+17b-H+4'-H), 3.71 (q,
J=7.6 Hz, 2H, 8a-H), 3.01, 3.25 (3.23), 3.58 (each s, each
3H, CH;+OCHs;), 4.56 (q, J=7.6 Hz, 1H, 18-H), 4.74 (td,
J=18.8, 9.6 Hz, 1H, 5'-H), 5.11(d, J/=8.8 Hz, 1H, 17-H),
5.42 (ddd, J=18.8, 7.2, 4.0 Hz, 1H, 5'-H), 6.57~6,71 (m,
1H, 3'-H), 8.17, 8.83, 9.46 (each s, each 1H, meso-H); IR
(KBr) v: 3402 (N—H), 2939 (C—H), 1732, 1690 (C=0),
1631 (C=C), 1524 (chlorin skeleton), 1442, 1389, 1297,
1165, 1040, 978 cm ™ '; EI-MS m/z: 679.4 (M+H"). Anal.
caled for C4HyNeO5: C 74.31, H 6.24, N 12.38; found C
74.37, H 6.50, N 12.26.
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4 Bh#1 %} (Supporting Information) L&Y 2~14 1)
'H NMR [ J5 538 P 3 S 4k mT DA G 2l M AS 1) 3] s
(http://sioc-journal.cn/)_E T %K.
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