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Abstract Pheophorbide-a methyl ester was used as a starting material, and new carbon-carbon double bonds were built on
the chlorin chromophore by addition, condensation and allomerization. 1,3-Dipolar cycloadditions with different 1,3-dipols for
the olefinic bonds at 3-position, 12-position and exocyclic E-ring were performed to synthesize a series of chlorophyllous
chlorin derivatives substituted with five-membered heterocycle. The chemical structures of the unreported chlorins were char-
acterized by UV-Vis, '"H NMR, IR, MS and elemental analysis. The region selectivity of 1,3-dipolar cycloadditions and corre-

sponding reaction mechanisms were also discussed.

Keywords chlorophyll-a; chlorin; 1,3-dipolar cycloaddition; region selectivity, synthesis
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P BN, RN L3-EARAA, R R
A EREAT AR I S Y, DX S P b A5 it —
RINEA H IO IR 5% 2228 AN T A4
13- M AR AR 5 B B £ R -a. FRR(1)5 PR A H 208
FERRZEAAA, 73 R3] 14% 1) UG I I e -4 1R
(3). 13%-F2FIEBEH4R-a HE(4, 10%) K LKA
JREEEF= (S, 32%). FEMiEENT Sk R-a FHE(MPPa, 2)7F 5
RS EETLEN 13- A RN, BT 45 2T
(IR N2 6 (25%) LAS, 373 25 H 5% 1) 4'-NEE et
AR &by (7). FEMEEEM 4% 5 IR-d FTIH(2a) 5 1k
TRALBEIIAS G W B SERR ALK, A 31% R 43 15
HE-REE R0 3b- T FEAEIL BT SR R -a FIR(S), K]
ARTRNR RN A A 5 T U R e EA T 13- ER e, &5
15 B 1) 3'-nL bR BE IR 1) A A I SRR (9, 45%).
AN (2a) 5 0 F R = RO AL SR Wittig J
N, L 34%[ 5= 2455 3,12- - 20 RN (10), 2R
Joi 5 R S R AT 13- ER R, 45 A )
12%11) 12-E A0 SE AL BB 42 (11). & 2 5N
CRERIAE A TR 131 A IR A (2b), A
FBER 13- MBS ER A s B IIEE Y 52% 1) 3- b e -
130 R A e Bt 4 -0 THRR(12). e AR Bt
LEiR-a WERQ)ITLR, e mE T LR E 13- Nk
SV, SRIGAE S AR N T A, Bl 28% 11

OCHs 1 R = CO,CH3, X = CH,O
2R=H, X =CH,
2aR=H,X=0Q

FEEAG R 3L MR by I (13); G SRS A T
AL 23 S EAL A 2] 13 SRR I 2R, R4y
B, EERAE T ERS AR T A RN, B2
P A IR O £ B B I SR IR (14),  DAAE AL K IS AR
13-k, 530 307 S EEHEATAH N AR AR AR BRI e A
SN, R T AF 3 25%[ 3437 57 B MR L A R 1 U 2 1
I Ny (AS)LAAP, A1 IR 43 28 /D B 3-
WA b O A B4R R (16, 4%).
1 #R5iTe
1.1 ERREMEEE 1,3-BRIAN & HikF
RIFATER /> FRUE LS, 75 13- MBI A S
MUIELUMO) T, Bk T H0E B KA & R 5L, e
e b A BUE HH (HOMO) H 1) A B 4% J5l - AR U 4 5 &
B 5 EE A L ER B 2GR T A
Ny (5 R ZIRARALL, A A SRR X 38 3a-F11 3b-fi7
A BB, SR BRI ALA R BN
B, Bk, SRR LUMO %3 S 18 8 44 (1)
HOMO #uiafE &t FEh L se R AEVER. whag AT
WIAE T H AT 5 EE A BE 0 R s Y. 32 BT Bk X
BOERE ) A, ARMER ISR AR-HOMO  F1 25 i A 4 -
LUMO Ui (A A8 55 BT B 724 B, A Sg 2 7

Reagents and conditions: a) CH,O/CH3NCH,CO,H; b) CH,Cl,/CHoN,; ¢) CsHq1MgBr/ THF/TsOH/CgHg

Scheme 1
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Reagents and conditions: a) Ph3PCH,Br/LiC4Hg; b) PhCHO/CH3NCH,CO,H; ¢) CH,Cly/CHoN,; d) CHoN,/LIOH/MeOH;

&) LIOH/MeOH/1,2-Ph(NH,)o; f) NBS/TEA/IPhC=NOH

Scheme 2
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Figure 1 The regio- and stero-selectivity in 1,3-dipolar cycloaddition of chlorophyll-a derivative with diazomethane
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JOR NG T 3. 5 kAR, 2b 1
1314 O 3 g T2 PR, (RIS S
RLEHAT L3R B, INEr=4) 12 2&1E 3-
P _ETE R T MG MR IR R 4544, 2b h E-FR_ R AN R A
(X 2 T AT S 5 3R B N, 7] B 1 SE R 1)
ARG KIA S A T RIS R, Xt
P R RUBE A T AR e A A .

B T XSOEREPELLAL, Mot sE-a ATEY S 1,3-10K
BN ENTOEZ) 115 WS VAR SNV VARV LN vk 2 G S R
ER VAR ) E AL IR (D- T FR) AN B-lk S 134
PL sp® 20T AE, DB A D KRS T g S AR
TGz, H BTN IR A — R Ak
S, G E-INRIENCEIE S I AR, 1,3-1 A A A
RIS OB R G,  AEAR A R R U
NG WA BT $e, I b P TR Bl 0 25 BT 75 1 3G
FRREWAT AR 1w B). i, 3-4 LA He A A% E-
NI AW 13- AR A R R 0 = s A 4
S A 25 R A AR, WU B RIS(EGE SIRRA ALK =4 L
#2410 & 8 A, TG 5 1) B 32 B e AL =) W 20T 65%
AR LU BT AR BB I 22 ), RS T
37 BNV & (R S 7 AR AN [R], B-FREE 25 D-2R%E
A, I R SR A A B (R I, R T B A
I 160 (10 326 20 1k P Pt A X 4 v
1.2 ERREMEEE 1,3-BRIRNK S 2B

Mok 2-a BRI 2 X P AR S8
PN () FVEZE I P Syt X (A N BN PN IS (R A
SN —FE, 13- AR IR0 s W28 5 A1 Bifi o 45 ol il S Y,
LN AN AT CAFE JE R ST — A FLe A g5k, ]
3 ] DA sk T P 2 Al 3 R Sk — 20 Rk 2R g

Wi, B IO AR IA B 5 ST PR DA L85 S T
UK SN R, B TR A 1 (0 G5 AR 1T A AT
I PRI N

Jli B £k iR -a T R(1) R A TLIC IR AEAE A
Beai by, fE AR T IE B- T I T DA R R I oK
Tal'!, T4 oy PP S0 A £ 1T R 13- Ak 5
P SRR -a HBR(DAE 2R AL, vt /e 3-67 EA
ML IRAR ST, (H I N SR B 7n XA A% E-3A B 2R
Al 755 I T i B ST 48 1EAT A B A T ) [ IR
13'-(L08 o-H 35 5 WA 2R ey B A A PR A 5 P P
B Vi O S I STV S U /i 275 s i R K S /3
231 R ) — iy Il 5. il e &9
1) 1327 T e U 85 AT 0 37 220 0 S 1 4 A, 7 AT
2,4,6-= skt e b [Aliai A ar LAsE s, B a4 4
JIT T IR /N TEFRL RS AT A T 132 B 1 2 .

WED) 16 /2 14 ST THEAT 13-k
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XUBRATIE T SRALL 0 P 5 A, DRI IF P A AT X
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LG 4RI ISR IR BT TR IT R, Pk
147 By 2 B R IR0 BT OB T RAF I Bk,
(A D B PR EICHER n-tR R AT S0, R0
TORRA— 0 P2 R MR, R T 52 A
NN 55 P VRSB IR Ai R T 4 th Sy (16). 1
R EHADIE T 300 FBERE TR G R, [ I [h)
PHOUE I 3007 LM 13- AN B v i R L
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Figure 2 The 1,3-dipolar cycloadditions of chlorophyll-a derivatives and their side reactions

2282 http://sioc-journal.cn/

© 2014 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2014, 34, 2279~2287



Chinese Journal of Organic Chemistry

ARTICLE

2 it

i it S 1 S ST A S AR 13- ARAR IR [3 2]
PRI S 0 L R 1) DI 6, b AL e A B A
L i e A i B S PRI RT3, BLRABAR AR RN 22 A Tk
XUREIEAT G I SE IR M M 2R 32K Sy 4 34
P 5 DX R e PR, 53 A 3-46 12-
REAAMNE B-3A BT T 13- s s . AR ik
Wy Kk b P51 RE R 5 T LG AR R S, X RIA
) AL L T8 T T AN R RE RE RIS, O 5 A T
LKL R FH S (2 222K A T AR B I T AR
RIBVIN LR,

3 XEIHN
31 ESEHF

JCEAM T Perkin-Elmer 2400 29762540 M 300 5E ;
IR ] Perkin-Elmer 1730 4£1 4530 56 FE A & (KBr Hs
J); UV-Vis il UV-160A B4y 66 vHilsE; 'H
NMR H] Brucker ARX-400 FURZHEILAIRBGN %, PIbsA
TMS. JT 8 4 o Br sl sl fv sz 4. et 2 i-a
B () R0 £E L BE T 2R TR-a (2)F% SCHR[12] 1 % AR R 28
f2-d (2a)4% SCER[10]H14%; 13" AR ML S22 (2Db)
F5 SCHR[ 13176114
3.2 13%(RIS)-13"(RIS)-1-FR & -3- 12 H -4 g FH Bt
£ -2'5'-2H-(3,4-n) Bt 1 FF Bt 3£ M 4R B2 -a ER 5 (3) .
13%(S)-13%- 2 LR34 FES(4)0 13- RE
FE RN R ER-a FRES(5)HIE X

¥ 220 mg FEMEETT£EIR-a HIE 1(0.363 mmol). 40
mg N-F S HZ R 40 mg £ B FREHR T 40 mL T4
TR, RS R IR 6 b, Bk B 25 R,
RYVACEATZ M 70 B [BE A VA B @ LR &
fig)=4 : 1], 4 10 mg Z&ta [l 44 3 (0.015 mmol, 4%). 79
mg 4L E A 4 (0.116 mmol, 32%)H1 20 mg ¥ (4[5 14 5
(0.036 mmol, 10%).

3: m.p. 225~228 C; UV-vis (CHCl3) Ay (relative
intensity): 401 (1.00), 499 (0.07), 529 (0.05), 608 (0.05),
663 (0.29) nm; 'H NMR (400 MHz, CDCls) 6: —1.33 (br
s, 1H, NH), 0.56 (br s, 1H, NH), 1.49 (d, J=7.1 Hz, 3H,
18-CHs), 1.60~1.88 (m, 2H, 17a+17b-H), 1.68 (t, J=7.6
Hz, 3H, 8-CHj), 1.90~2.22 (m, 2H, 17a+ 17b-H-+NCH,),
2.26~2.50 (m, 3H, 17a+17b-H+NCH,), 2.60~2.74 (m,
1H, NCH,), 2.48 (2.38), 3.21, 3.38 (3.37), 3.54, 3.64
(3.63), 3.71 (3.69) (each s, each 3H, CH;+OCH;+NCHS),
3.67 (d, J=7.6 Hz, 2H, 8a-H), 4.31 (4.15) (d, J=8.9 Hz,
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1H, 17-H), 4.23 (q, J/=7.1 Hz, 1H, 18-H), 6.17 (d, J=11.5
Hz, 1H, cis-3b-H), 6.28 (d, J=17.8 Hz, 1H, trans-3b-H),
7.97 (7.96) (dd, J=17.8, 11.5 Hz, 1H, 3a-H), 8.54 (8.51) ,
9.35 (9.32), 9.64 (9.62) (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), 1463, 1372, 1228,
1167, 1029, 906 cm™'; EI-MS m/z: 664.2 (M+H"). Anal.
caled for C30HysNsO5: C 70.57, H 6.83, N 10.55; found C
70.69, H 6.65, N 10.59.

4: m.p. 205~208 C; UV-vis (CHCl3) Ap. (relative
intensity): 402 (1.00), 504 (0.10), 538 (0.06), 611 (0.06),
666 (0.39) nm; '"H NMR (400 MHz, CDCl3) d: —2.02 (br
s, IH, NH), —1.69 (br s, 1H, NH), 1.67 (t, J=7.6 Hz, 3H,
8-CH;), 1.83 (d, /=7.4 Hz, 3H, 18-CHj;), 2.20~2.32 (m,
2H, 17a+17b-H), 2.49~2.67 (m, 2H, 17a+17b-H), 3.62
(s, 2H, 15b-H), 3.23, 3.28, 3.40, 3.57, 3.65 (each s, each
3H, CH;+OCH3), 3.68 (q, J=7.6 Hz, 2H, 8a-H), 4.44 (dq,
J=1723, 2.4 Hz, 1H, 18-H), 4.16 (dd, /=38.7, 2.7 Hz, 1H,
17-H), 6.16 (dd, J=11.5, 1.2 Hz, 1H, cis-3b-H), 6.27 (dd,
J=17.8, 1.2 Hz, 1H, trans-3b-H), 6.75 (s, 1H, OH), 7.98
(dd, /=17.8, 11.5 Hz, 1H, 3a-H), 8.56, 9.38, 9.50 (each s,
each 1H, meso-H). IR (KBr) v: 3458 (N—H), 2918, 2850
(C—H), 1733~1700 (C=0), 1623 (C=C), 1558 (chlorin
skeleton), 1465, 1170. 1041, 918 cm ™ '; EI-MS m/z: 637.5
(M+H"). Anal. calcd for C3;H;N,Oq: C 69.79, H 6.33, N
8.80; found C 69.69, H 6.55, N 8.99.

5: m.p. 188~191 C; UV-vis (CHCl3) Ay (relative
intensity): 411 (1.00), 432 (0.89), 524 (0.10), 558 (0.07),
615 (0.07), 673 (0.47) nm; 'H NMR (400 MHz, CDCl;) §:
—1.97 (br s, 1H, NH), —0.06 (br s, 1H, NH), 1.69 (t, J=
7.6 Hz, 3H, 8-CH;), 1.85 (d, J=7.4 Hz, 3H, 18-CHj),
1.97~2.10 (m, 1H, 17a+17b-H), 2.30~2.40 (m, 1H,
17a+ 17b-H), 2.62~2.74 (m, 2H, 17a+ 17b-H), 3.23,
3.44, 3.64, 3.73 (each s, each 3H, CH;+OCHj;), 3.67 (q,
J=17.6 Hz, 2H, 8a-H), 4.56 (q, J/=7.4 Hz, 1H, 18-H), 4.64
(d, J=9.2 Hz, 1H, 17-H), 6.17 (dd, J=11.6, 1.1 Hz, 1H,
cis-3b-H), 6.33 (dd, J/=17.8, 1.1 Hz, 1H, trans-3b-H), 6.52
(s, 1H, 13*=CH), 6.81 (s, 1H, 13*=CH), 8.01 (dd, J=
17.8, 11.6 Hz, 1H, 3a-H), 8.71, 9.47, 9.58 (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 skele-
ton), 1400, 1286, 1189, 1094 cm '; EI-MS m/z: 561.4
(M+H"). Anal. calcd for C3sH3(N,O5: C 74.98, H 6.47, N
9.99; found C 74.79, H 6.60, N 10.14.
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3.3 3-(3'(R/S)-3-MtmemkEL )= Bt $E M 43 BR-a ER B (6)70
3-(4'-NL eIk EL VB Bt $E 4R BS -a FRES(7) B0 E X

75 25 mL F93HE Ok 212 mg £ ik 4¢i-a R
2 (0.386 mmol)¥fi# 1 3 mL S HHEd, FAIA 15 mL
B E R T CREATR, BERNEZE, 45 CREGHIRE N
2 d. BEREREITIFEE, BT 2 mL KO,
PABR & 2 RIVEA TP, KA B EIA 30 mL 45
Hged, 0 50 mL /K402, KA =S A (15
mL X2), &IFENUZE, KPEE KRR T4, 9k
bR 2w, R AERER AL ZHT o B A VA
fit) : (LR GTR)=4 1], 13 57 mg WLt lE k6
(0.097 mmol, 25%)F1 11 mg S&EA[E A 7 (0.019 mmol,
5%)

6: WHLE S o M Ao S SR8

7: m.p. 205~209 °C; UV-vis (CH,Cly) Ay (relative
intensity): 385 (0.83), 415 (1.00), 515 (0.09), 549 (0.07),
622 (0.04), 668 (0.52) nm; "H NMR (400 MHz, CDCL) 6:
—2.07 (br s, 1H, NH), —0.08 (br s, 1H, NH), 1.70 (t, J=
7.6 Hz, 3H, 8-CH;), 1.84 (d, J=7.3 Hz, 3H, 18-CHj),
2.25~236 (m, 1H, 17a+17b-H), 2.54~2.64 (m, 1H,
17a+ 17b-H), 2.67~2.86 (m, 2H, 17a+ 17b-H), 3.28,
3.62, 3.66, 3.69 (each s, each 3H, CH;+OCH;), 3.69 (q,
J=17.6 Hz, 2H, 8a-H), 3.66~3.70 (m, 1H, 3a-H), 3.86 (t,
J=5.5 Hz, 2H, 3b-H), 4.36 (d, J=8.7 Hz, 1H, 17-H), 4.40
(t, J=5.5 Hz, 2H, 3b-H), 4.56 (dq, J=7.2, 1.7 Hz, 1H,
18-H), 8.79, 9.57, 10.00 (each s, each 1H, meso-H); IR
(KBr) v: 3424 (N—H), 1735~1694 (C=0), 1664 (C=C),
1522 (chlorin skeleton), 1492, 1400, 1174, 1508, 989
em ', EI-MS m/z: 5912 (M+H"). Anal. caled for
C35H3sNgOs: C 71.16, H 6.48, N 14.23; found C 71.29, H
6.55, N 14.09.
3.4 3(E)-3b-T HEMEMLREL-a BEE(B)MIE K

7 20 mL TR DU S0 AR 148 mg AR B BEnT
Zx 1R -d HiE 2a (0.269 mmol), 7EE IR FIEOESAE T,
T-0 CHERER N 0.3 mL1 mol/L iF JRILIRALEE 2RV,
2420 min NV EE AL 1] SRVAR R 25 mL LRI 4L
B, BEHE 20 min J5, PRI 20 mL () &L
HHEPUZ, H & RAEBUKA1S mLX2), FIFEHL
EIERERR VAR, £ 25 mL AR A TR,
FEIIAN 2 mg X HOREERR, T 90 C FEEEHiFE N 1.5
h, 4% )5 1) S VAR 220 25 mL /KA1 25 mL 5 e, i
APUZE, KA P15 mLX2), FEHJC/KR
FREN T8, DR BR VA, WA E T 7 B IR A e
H: VORI @ (TR LER)=6 : 1115 50 mg f& (4[] 14 8
(0.083 mmol), F=% 31%. m.p. 199~202 C; UV-vis
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(CHCl;) Amax (relative intensity): 414 (1.00), 509 (0.09),
538 (0.08), 607 (0.07), 665 (0.35) nm; 'H NMR (400 MHz,
CDCl;) 6: —1.67 (br, 1H, NH), 0.52 (br, 1H, NH), 1.02 (t,
J=17.0 Hz, 3H, 3e-CHj), 1.42~1.78 (m, 6H, 3c-e-CH,),
1.67 (t, J=7.6 Hz, 3H, 8b-H), 1.79 (d, J=7.3 Hz, 3H,
18-CH3), 2.20~2.35 (m, 2H, 17a-H+17b-H), 2.48~2.75
(m, 2H, 17a-H+17b-H), 3.21, 3.33, 3.58, 3.62 (each s,
12H, CH;-+OCHs,), 3.68 (q, J=7.6 Hz, 2H, 8a-H), 4.25 (d,
J=8.3 Hz, 1H, 17-H), 4.38 (q, J=7.2 Hz, 1H, 18-H), 5.06
(d, J=20.0 Hz, 1H, 13%-H), 5.22 (d, J=20.0 Hz, 1H,
13%-H), 6.72 (dt, J=16.0, 6.9 Hz, 1H, 3b-H), 7.55 (d, J=
16.0 Hz, 1H, 3a-H), 8.48, 9.30, 9.44 (each s, 3H, meso-H);
IR (KBr) v: 3432, 3139 (N—H), 2924, 2860 (C—H),
1730~1688 (C=0), 1653 (C=C), 1560 (chlorin skele-
ton), 1508, 1400, 1082 cm™'; EI-MS m/z: 605.4 (M+H").
Anal. calcd for C3;HuN4O;5: C 7547, H 7.33, N 9.26;
found C 75.69, H 7.45, N 9.19.
3.5 3-(3'(RIS)-4'(RIS)-4-T % 3-Ntmembk 5 )= it 8 - 43
B2-a FAES(9)RIE B

MER T HEHACER T, &BEY 6 A1 7 1)
BITVEA I, 5% 45%. mp. 190~193 C; UV-vis
(CH,Cly) Ana (relative intensity): 415 (1.00), 515 (0.06),
549 (0.05), 622 (0.05), 669 (0.32) nm; "H NMR (400 MHz,
CDCl3) 8: —1.79 (brs, 1H, NH), 0.30 (br s, 1H, NH), 1.17
(t, J=6.8 Hz, 3H, 4'c-CH;), 1.20~1.33 (m, 2H, 4'c-H),
1.66 (t, J=7.6 Hz, 3H, 8-CHs), 1.80 (d, J=7.3 Hz, 3H,
18-CH3), 1.70~1.84 (m, 4H, 4'a-b-H), 2.18~2.49 (m, 3H,
17a+17b-H+4'-H), 2.51~2.73 (m, 2H, 17a+ 17b-H),
3.17 (3.14), 3.30 (3.26), 3.62, 3.61 (each s, each 3H, CH;
+0OCHs;), 3.64 (q, J=7.6 Hz, 2H, 8a-H), 4.29 (d, J=8.3
Hz, 1H, 17-H), 4.48 (q, J=7.2 Hz, 1H, 18-H), 5.10 (d, J=
19.8 Hz, 13%-H), 5.25 (d, J=19.8 Hz, 13*-H), 4.61~4.71
(4.34~4.42) (m, 1H, 5'-H), 5.48~5.67 (m, 1H, 5'-H), 6.84
(t, J=9.3 Hz, 1H, 3-H), 8.58 (8.57), 8.94 (8.43), 9.43
(9.42) (each s, each 1H, meso-H). IR (KBr) v: 3432 (N—
H), 2934, 2840 (C—H), 1690~1736 (C=0), 1655, 1618
(C=C), 1560 (chlorin skeleton), 1508, 1401, 1252, 1166,
1083 cm '; EI-MS m/z: 647.8 (M+H"). Anal. calcd for
C3sHyNgOs: C 72.13, H 7.01, N 13.28; found C 72.25, H
7.15,N 13.52.
36 312-ZZWGEE-12-KXFEEREMRER-a Fis
(10)H9& X

H 150 mg BRALHIE = REEEE T T 10 mL T4
Bk, EAAR, 1818w N 0.2 mL 0.8~2.5 mol/L |
TR, AR SN 2 h, ARJEW A, JEAE0 C
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WNEE&H 112 mg 4644 2a (0.203 mmol)f) 5 mL T4
LBk, e EE SRR UKOK I, Sl 2 h )5, S
I 20 mL 50 HERT 30 mL /K, Zr A AU, KA
THEFREAEAS mL X 3), AN, FIIC KA ER A
TS DR WA, T AP A JZ AT O B IR S VR
F: VCAHEE) @ (LR LTE)=4 1113 39 mg S [ 14
10 (0.069 mmol), ;=# 34%. m.p. 190~193 C; UV-vis
(CHCI3) Amax (relative intensity): 404 (1.00), 418 (0.91),
556 (0.14), 607 (0.07), 682 (0.53) nm; '"H NMR (400 MHz,
CDCl3) 6: —1.07 (br s, 1H, NH), —0.12 (br s, 1H, NH),
1.67 (t, J=7.6 Hz, 3H, 8-CH;), 1.79 (d, J=7.4 Hz, 3H,
18-CH;), 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;+OCHS,), 3.67 (q,
J=17.6 Hz, 2H, 8a-H), 4.23 (d, /=38.1 Hz, 1H, 17-H), 4.41
(q, J=7.5 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=11.3 Hz, 2H,
3b+12b-H), 7.62 (d, J=17.2 Hz, 1H, 12b-H), 7.92 (dd,
J=17.8, 11.5, 3a-H), 8.21 (dd, J=17.2, 11.0 Hz, 12a-H),
8.42, 9.21, 9.49 (each s, each 1H, meso-H); IR (KBr) v:
3419 (N—H), 2917 (C—H), 1709~1692 (C=0), 1669
(C=C), 1599 (chlorin skeleton), 1433, 1344, 1215, 1120,
1082, 969 cm™'; EI-MS m/z: 561.4 (M+H"). Anal. calcd
for C;35H36N405: C 74.98, H 6.47, N 9.99; found C 74.79, H
6.56,N 10.11.

3.7 12-(N-FRE-2'-FRE-4'-T0 SN I B )62 B 5 1 4R BR -
a BEE(11) & X

88 mg LA 10 (0.157 mmol)iE AT 10 mL 37 2810
2R, I 90 mg 3A 7370, ik N FSEE A 20
mg JIZE#2(0.244 mmol)F1 26 mg 7K I [#(0.244 mmol),
110 CHEEFEHFE MY 7 h, I 20 mL 5 FHEEAT 30 mL
K, HAENLZE, KZH &P RS mLX3), &
A B, HJC/K o B oA T 5 ek e 4, ol idid
FEEMT 2 BB S IGEIR: vER) - VAR =10 : 1115
14 mg ZEEA[E 1A 11 (0.019 mmol), 7% 12%. m.p. 211~
214 C; UV-vis (CHCly) Ap. (relative intensity): 414
(1.00), 509 (0.09), 538 (0.08), 607 (0.07), 665 (0.35) nm;
'H NMR (400 MHz, CDCly) 6: —1.29 (br s, 1H, NH),
—1.05 (—0.98) (br s, 1H, NH), 1.64 (t, J=7.6 Hz, 3H,
8a-CHj3), 1.79 (d, J=7.3 Hz, 3H, 18-CH3), 2.25~2.36 (m,
2H, 17a+17b-H), 2.28 (2.14) (s, 3H, 1'-CH3), 2.52~2.74
(m, 2H, 17a+17b-H), 3.45~3.61 (m, 3H, 4'+5'-H), 3.70
(3.66) (q, J=7.6 Hz, 2H, 8a-H), 3.14 (3.13), 3.33, 3.64
(3.62) (each s, each 3H, CH;+OCHs3), 4.23 (4.20) (d, J=
8.4 Hz, 1H, 17-H), 4.42 (4.41) (g, J=7.2 Hz, 1H, 18-H),
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4.68~4.76 (m, 2H, 5'-H), 5.31 (5.22) (d, J=20.0 Hz, 1H,
13%-H), 5.14 (5.07) (d, J=20.0 Hz, 1H, 13*H), 6.01 (br s,
1H, 2'-H), 6.15 (d, J=11.4 Hz, 1H, cis-3b-H), 6.24 (d, J=
17.8 Hz, 1H, trans-3b-H), 7.46 (dt, J=28.1, 4.2 Hz, 1H,
Ph-H), 7.57 (7.56) (t, J=6.6 Hz, 2H, Ph-H), 7.58 (d, J=
8.1 Hz, 2H, Ph-H), 7.89 (dd, J=17.9, 11.4 Hz, 1H, 3a-H),
9.50 (9.48), 9.15 (9.11), 8.42 (each s, each 1H, meso-H);
IR (KBr) v: 3402 (N—H), 2931 (C—H), 1730~1688 (C=
0), 1598 (C=C), 1540 (chlorin skeleton), 1432, 1228,
1160, 1059 cm ™ '; EI-MS m/z: 694.1 (M+H"). Anal. calcd
for C44H4,NsO5: C 76.16, H 6.83, N 9.67; found C 76.29, H
6.69, N 9.81.
3.8 3-(3'(R/S)-3-AL MMk E)-13"-6,8- —HL-13"- (5
E R RER-a BES(12)RE R

# 100 mg —Z N5 2b (0.178 mmol ) f# T 5 mL —
BT, A 20 mL B HIMER T ORNAR, 2=l
BB S b, EEE FIIAN 2 mL KSR, DABR 2
ZARMEE T, KGR RNBFEIA 30 mL 5k
W, BN 50 mL K2, A S BEA (15 mL X
2), BIFANLZ, KIEE HIC KBBR8, I Bk 2
B, FIRDENE AT JZ T B DRI VO i) -
N LHE)=4 1], 13 59 mg SO K 12 (0.093
mmol), =3 52%. m.p. 215~218 ‘C; UV-vis (CH,Cl,)
Amax (relative intensity): 348 (0.75), 383 (0.87), 431 (0.88),
450 (0.93), 572 (0.18), 641 (0.27), 700 (1.00) nm; "H NMR
(400 MHz, CDCl3) 6: —1.02 (br s, 1H, NH), 0.82 (br s,
1H, NH), 1.63 (1.62) (t, J=7.4 Hz, 3H, 8a-CH3), 1.80 (d,
J=6.7 Hz, 3H, 18-CH3), 2.09~2.35 (m, 2H, 17a+17b-H),
2.52~2.64 (m, 3H, 17a+17b+4"-H), 2.80 (dd, J=19.6,
9.7 Hz, 1H, 4-H), 3.59 (q, J=7.4 Hz, 2H, 8a-H), 3.65,
3.34 (3.32), 3.22, 3.14 (3.13) (each s, each 3H, CH;+
OCHs3), 4.17 (d, J=9.0 Hz, 1H, 17-H), 4.40 (q, J=7.4 Hz,
1H, 18-H), 4.79 (dd, J=17.7, 9.7 Hz, 1H, 5-H), 5.44 (d,
J=20.7 Hz, 1H, 13*H), 5.27 (d, J=20.7 Hz, 1H, 13*-H),
5.50 (dd, J=17.7, 9.7 Hz, 1H, 5'-H), 6.19 (6.12) (t, J=9.7
Hz, 1H, 3'-H), 8.45, 8.81, 9.09 (9.08) (each s, 3H, meso-H);
IR (KBr) v: 3324 (N—H), 2960, 2925 (C—H), 1739~
1700 (C=0), 1602 (C=C), 1500 (chlorin skeleton), 1451,
1263, 1089, 1041, 903 cm ™ '; EI-MS m/z: 639.2 (M+H").
Anal. caled for C;H3sNgO,: C 71.45, H 6.00, N 17.54;
found C 71.61, H 6.05, N 17.77.
3.9 3-(3'(RIS)-3-RLMLm £ )-13°- SR B $E M R ES-a
FEE(13)BIE

¥ 288 mg FEML B 2% R-a HIE 2 (0.525 mmol) % fiE
T3 mL &R, B 15 mL B A G L

http://sioc-journal.cn/ 2285
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W, BEREZE, BRI RN 2 d. BRI 2
mL UKLIR, LAR L Z RMERE T, SR 55 BN i ]
A 30 mL S, 0 50 mL K42, KA =&
FEEA (15 mLX2), &IFANUZE, Kita /KRR
BT, ORBR LR, PR AR T 95 mL
PSR, FE N A AR 10 mL R
W, B PR 6 h 5NN 250 mL VKoK, SRJEHHE T
TN ER R, PR pH b 2~3, A 90 mL & LS
2, 0 A P REABUK AR (40 mLX2), &iFEHLE, K
UE, HIJC/KBREREN -1, Z80MR 7). AR5 R
T 125 mL &4 SY%uRERIR I H R, SR
SEJE NN 180 mL 7K A 180 mL & W ke =, 20 AL
FHIFARDEPR K, T55 bR 0 7, K00 i i A 2 A
IYEUEITH: MR LER) © VIECE)=1 : 4]43 98 mg
A E A 13 (0.174 mmol, =3 28%. m.p. 211~214 C;
UV-vis (CH,Cl,) Apax (relative intensity): 410 (1.00), 420
(0.90), 516 (0.14), 617 (0.05), 679 (0.61) nm; '"H NMR
(400 MHz, CDCls) 6: —1.74 (br s, 1H, NH), 0.42 (br s,
1H, NH), 1.55 (t, J=7.5 Hz, 3H, 8-CH;), 1.76 (d, J=7.4
Hz, 3H, 18-CH;), 1.98~2.18 (m, 1H, 4'a-H), 2.20~2.15
(m, 2H, 17a+17b-H), 2.37~2.57 (m, 2H, 17a+17b-H),
2.71~2.84 (m, 1H, 4'b-H), 3.06, 3.23 (3.22), 3.54 (3.52),
3.62 (3.61) (each s, each 3H, CH;+OCHj;), 3.55 (q, J=
7.5 Hz, 2H, 8a-CH,), 4.35~4.45 (m, 1H, 18-H), 4.76 (td,
J=18.0, 8.9 Hz, 1H, 5'b-H), 5.12 (dd, 1H, J=8.3, 16.8 Hz,
17-H), 5.48 (dd, J=18.0, 9.8 Hz, 1H, 5'a-H), 6.57(dd, J=
12.5, 7.8 Hz, 1H, 3'-H), 8.60, 8.98 (8.95), 9.25 (each s,
each 1H, meso-H); IR (KBr) v: 3446 (N—H), 2925, 2858
(C—H), 1733~1703 (C=0), 1620 (C=C), 1535 (chlorin
skeleton), 1460, 1380, 1261, 1170, 1081, 800 cm ™ '; EI-MS
m/z: 605.6 (M+H"). Anal. calcd for C3sH3N¢Oy4: C 69.52,
H 6.00, N 13.90; found C 69.69, H 6.21, N 13.99.
3.10 (2,3-n)-MEiEMIFEREMFER-a BEE(14)HE
151

¥4 814 mg FEMiE 281 H iE-a 2 (1.484 mmol)#5 i
T 280 mL PUERMH, AN A A AGERB AT 15
mL FEEI, SIRBFE 6 h; I 250 mL VKK, SR T
PER WA SRR, WY pH b 2~3, A 250 mL &
Wi, Gt ENUZ, AKVERIK, HJCKRRE T8 )5
B2, SR G FEBTAMR T 350 mL 47 S%IRERIR 1)
B R, AR, SEJE A 300 mL 7K1 300 mL
TRTEE, A UHIFKRIER IR, TR B L
A, BT IRAE Y B T 25 mL EREH, I 0.2
mL — 5 LHRFN 150 mg 202K —Jl4(1.389 mmol), kL
P15 h, WORZEHIERE, BRIRAEY), KR & b

2286 http://sioc-journal.cn/
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I, oA HUEKVE, TG s eds, mEAE Z T
SEVEBLA VCRME) ¢ M LR B =3 1], 153
198 mg {444 14 (0.312 mmol, 21%), HAHE 5
Iy AT EGE 5 SRR [14]— 2
3.11 3-(5'(RIS)-3-FE-4,5- 5 FEMIKE)-(2,3-n)-
EEEM AR R SR 4R B -2 FRER(15)F0 3-HAEE-3-X2
M E-(2,3-n)-EE AT IR AR SR 4R B2 -2 FRER(16)0 & AL
¥4 60 mg N-IRAX T —MEWFFZ(NBS) (0.337 mmol)s
T2 mL TR BT, —RPEIAN 41 mg %I
JI5(0.337 mmol), 20 min JG AL H, M 234 mg &
)14 (0.368 mmol), FFIL5E WA, KR 2 mL H
1) 30 mg — ZJEAE 15 min A SO, ZAPRY,
SIMBERERN 12 h, AN SR EERK S R, A
AFLEAI(10 mLX2), KEEGHAH, HJCKIERT
P J Ol T A, T A ) A AT 23 B TR S A U R
VORI @ (2R 208)=4 : 1115 64 mg 20O [E 4K 15
(0.084 mmol, 25%)F1 9 mg L fA[E 4K 16 (0.014 mmol,
4%).

15: m.p. 199~202°C; UV-vis (CHCl;) Apay (relative
intensity): 444 (1.00), 509 (0.09), 578 (0.09), 658 (0.07),
708 (0.23) nm; '"H NMR (400 MHz, CDCl5) 6: —0.80 (br,
1H, NH), —0.02 (br, 1H, NH), 1.69 (t, J=7.6 Hz, 3H,
8b-H), 1.71 (d, J=7.0 Hz, 3H, 18-CHj3), 1.95~2.20 (m,
2H, 17a-H+17b-H), 2.30~2.47 (m, 1H, 17a-H+17b-H),
2.60~2.78 (m, 1H, 17a-H+17b-H), 3.41, 3.56, 3.62, 3.79
(each s, each 3H, CH;+OCH;), 3.67 (q, J=7.6 Hz, 2H,
8a-H), 4.17~4.25 (m, 1H, 4'-H), 4.20~4.56 (m, 2H, 17-H
+18-H), 4.86 (q, J/=7.0 Hz, 1H, 18-H), 5.19 (d, J=28.6
Hz, 1H, 17-H), 5.23~5.44 (m, 1H, 4-H), 7.72 (7.31) (t,
J=10.4 Hz, 1H, 5'-H), 7.35~7.53 (m, 3H, Ar-H), 7.56 (t,
J=17.9 Hz, 2H, Ar-H), 7.62~7.89 (m, 2H, Ar-H), 7.96 (d,
J=7.2 Hz, 1H, Ar-H), 8.01 (d, J/=7.2 Hz, 1H, Ar-H),
8.56, 9.25 (9.21), 9.92 (9.88) (each s, 3H, meso-H); IR
(KBr) v: 3421 (N—H), 2958 (C—H), 1739~1704 (C=0),
1612 (C=C), 1553 (chlorin skeleton), 1401, 1248, 1051,
1002 cm'; EI-MS m/z: 754.6 (M+H"). Anal. calcd for
C47H43N,05: C 74.88, H 5.75, N 13.01; found C 74.79, H
5.55,N 12.89.

16: m.p. 199~202 C; UV-vis (CHCI3) A,y (relative
intensity): 379 (0.70), 423 (1.00), 585 (0.27), 659 (0.24),
715 (0.44) nm; 'H NMR (400 MHz, CDCL3) 6: —0.17 (br,
1H, NH), 0.07 (br, 1H, NH), 1.64 (t, J=7.6 Hz, 3H,
8b-CH,), 1.82 (d, J=7.2 Hz, 3H, 18-CH3;), 1.95~2.17 (m,
1H, 17a-H+17b-H), 2.30~2.54 (m, 2H, 17a-H+17b-H),
2.70~2.83 (m, 1H, 17a-H+17b-H), 3.57, 3.66, 3.62, 3.78
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(each s, 12H, CH;+OCH;), 3.57 (q, J=7.6 Hz, 2H, 8a-H),
437 (q, J=7.2 Hz, 1H, 18-H), 5.19 (d, /=8.4 Hz, 1H,
17-H), 8.69 (dd, J=7.5, 4.3 Hz, 1H, Ph-H), 7.81 (dd, J=

7.5,

43 Hz, 1H, Ph-H), 742 (dd, J=7.5, 4.3 Hz, 2H,

Ph-H), 8.68, 9.29, 9.95 (each s, 3H, meso-H), 11.31 (s, 1H,
CHO); IR (KBr) v: 3427, 3348 (N—H), 2958 (C—H),
1733~1700 (C=0), 1637 (C=C), 1544 (chlorin skele-
ton), 1440, 1307, 1261. 1199, 1066, 985 cm ™ '; EI-MS m/z:
637.6 (M+H"). Anal. calcd for C3,H3N4O5: C 73.56, H
5.70, N 13.20; found C 73.49, H 5.59, N 13.10.
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