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WHE  DUBEEH G R-a TEEMPa) b IE )RR, S aiEmm P O IR FaR S, 5= /3-NN-— F s
FENMGTE(3-DMA)ELE NN-— BT Vilsmerier SV, 7F SNy B ER L DSk 8 1 5 3k R 0k 2l 3 R 9k
5L, TREIREE T MPa iR LAY, ¥ 307 LM FENUR] MG A0 FE I FF ;. U 347 S0 50 B- BRI S 1) 1k 2
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Acetylation of Chlorophyll-a Degradation Products and
Synthesis of Chlorin Derivatives
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Abstract Methyl pheophorbide-a (MPa) was used as starting material and converted to Ni(II) complexes by modifying for
chemical structures and metallizing with Ni(acac),. Their Vilsmerier reactions with phosphoryl chloride and 3-(dimethyl-
amino)-acrolein or N,N-dimethylformamide were performed regioselectively to introduce formyl or formylvinyl group on the
periphery of chlorin. The formylmethyl group also was established by oxidation reaction of the C(3)-vinyl group with thallium
nitrate. The hydroxyalkyloxyl or hydroxyalkylamino group on the macrocycle was constructed based on the chemical activities
of the vinyl group at 3-position and ketone group in E-ring and subsequently the hydroxyl group was oxidized with the conbi-
nation of tetrapropylammonium perruthenate (TPAP) and N-methylmorpholine N-oxide to the corresponding formyl group,
respectively. The structures of all the new chlorins containing acyl structure were characterized by UV, IR, '"H NMR spectra
and elemental analysis.

Keywords chlorophyll-a; pheophorbide-a; chlorin; acetylation reaction

253 3% R L BT AT (10 I 5 A 2 AL S AR A 1) B
AT R B REA, Bl w4k ER-c F-d 15 3-F0A 5-
PEIEAT T IBERE | 41 B2 3R -a M-b 7E 347 ISR LiHE
PURCEANTAMEI EX S A, R I 2 S B )
P ] AT Wbtk 3t 1 45 i AN R SRR B4 4, (B A

* E-mail: wjj1955@163.com

Received April 3, 2012; revised May 30, 2012; published online June 6, 2012.

NEHTE RS T VF 2 BADB S B R, AN Z T B
B T IR AL 2 AT I . AR 2R T AN AT
MG ORI T — B KM 2N 2, )
TEFF K68 13677 (Phtodynamic therapy, fj#% PDT)¥L
I8 25 - ORI R IE 7 AU o A ARk Rk 1 i e,

Project supported by the Project of Technology Cooperation between Covernments of China and Hungary (No. 2008-333-4-32) and the Project of Shandong

Applied Research Centre of Gold Nanotechnology (No. 2011).

rh 8 BUR )R HR B4 55 H (No. 2008-333-4-32 )HITLL ZR 54 TR R AR S0 (No. 201 )% Bh 5 H .

Chin. J. Org. Chem. 2012, 32, 1899~1907

A © 2012 Chinese Chemical Society & SIOC, CAS

http://sioc-journal.cn/ 1899



BHlLE

h T IRANERIT S 22 (Wb B M A g R o, - R i
AR S RLFE PDT $udie i), AT i it
FTAEC L ISt 3-a (B B P 1 I B 4 R -a
FEE 1 (MPa)FF4f, 0 Ik AN A (1) 4k 27 5 3 A DU ikl s K BR
A A R T S NI [, AR T R VEAT BRI
SER SR R AN AT A, 4R H-18 WL
Vilsmerier [ V.AE 20-f7 L5 BEREREFEGE 4L, (H AR 25
WENEI) 307 LA REBEAT e AL B, DA B 22 AR 52
FRAT=UON Sl THAE 3R 2007 ik 51
KelESE, tHBLBE 28R -a FER() TS B & 8 I &
(3)5 =S A W/DMF TR A1 A1 Vilsmerier i T [z
N, LA 31% 1077 642 1l 3b-47 AL IR 21 58 22 -18 R 2B
4). H 1 &—FRH R NTREE S5 =S i/
3-N,N- RGN M55 (3-DMA)BEAT Vilsmerier [V,
FEA BT 20-H L LI BRI —E by BE R &
YIS, 45%), SR, 100 FFORBE A7 A0 T T 28 el it
K, L 67%01157= 15 3 20-H Ik L0 SE AR IR BRI 4R 1R (6),
A =R CRAFL DR 48R T, BUa =R
B SRy (7, 28%, Scheme 1).

FEN SR FTAE DI A R v P I R e S
Siky, A7 0T REAR LK IR 4 T IR S Bl v i & A AR ),
HERRAHIREE N 2028 2518 WV 2 11 3 hc e XU 512 e

Ak, FE 80% H /K AR J5 A= i 3-07 H I £ EIAR 1)
N-FEIELI R 18 R RE(10, 87%), A T LLXSFlI% 8¢
C(3)-r F Bk FH R 1 5 | NG SR 32 0T AR 55 4] ol
BT s, Sl At n st &4 2 1) 34 &
WHFEIR IR, DL 69%I = R A3 8] 3- LRI A 5K 518
LR (11) (Scheme 2).

R 3- 47 & k1R WAL 20 e A 2 1
Williamson k3% 4 [ VA4 2] 41%[1 —Z MWy BE(12),
16 P w0 AT 1% DY 75 L 4% (TPAP) R N- 5 n k- N- 4846 4
TRA AT CR)-Ir i R iR st th, LL 59%
M7= 3R B C(3)- KA I oe S R IR IR AR I B - 2R R AT
AW(13). WIS EAFIEHE R VK MPa #5444
#-18 HWlR(14) 5, 5¥ CRrIlafd RNVAERR T N-F2 4
Fe 4 F-18 WHEIZ (15, 64%), KT S H&L & 13 (1)
AFETTVE, LL 51%M 7= 2645 2 N-FI 9 PR A 2028
#-18 WEA%(16) (Scheme 2).

1 HR5E
1.1 MHERITEYNEHFIRSERIN-AT R IER
Tk

-2 2228 AN I e ) B O A R AT
HALPDT JUR MM E 2B 4, Horp, BATRL O

Reagents and conditions: (a) KOH//MeOH/Os; (b) NH,OH- HCI/Pyr; (c) Ni(acac),/Pyr; (d) POCI3/DMF; (e) AcOH/110 °C; (f) HBr/AcOH;
(g9) Ni(acac),/POCI3/3-DMA; (h) TsOH/Benzene; (i) 30% TFA

Scheme 1
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OCHs

1R= C02CH3

5R=H

14

OCH3

15 16

Reagents and conditions: (a) TI(NO3)3/NaHSO3/80%HCO,H; (b) Pd-C/H,, CH,Cl,; (c) HBr/AcOH/Na,CO3/HO(CH,)sOH;
(d) N-methylmorphine oxide/(C3H7)4sNRuQy; () KOH/O,/MeOH; (f) H,NCH,CH,OH/Toluene

Scheme 2

KPR T T A g R S ) 1 o B ) 4 L. i
BE 2R IR-a BRI AL = ZELL 5 A R 18-
BRI BRI A, H NN ) 1005 A v L ek
FE KT KT B3, 78 AR CEF
(1) 4 27 &5 e 3 4 3 5 ) LA W) S b 55 — AUy f JE 1)
SRR IR BTG R S A R S M H RS A
e 18-FRMG B AL, W T LBy T E B, 1E
— SRR P T m A R B S BB (HUMO) FI
B A% PLE(LOMO) Z IRl [ RE L 22 5, T R 32
i T KI5 KR LR K (Qy) (] 1).

MPa (1) K] WoEW K 668 nm, *4ME
E- IR R I 4T 45 3518 G 14 ), ORI L
IRZRAE 1507 FAFDAREM, PR 5 KT L' PR R i i
KHILLE 699 nm Ab; 21455518 W ME% 2 Wik #4234 F
R 72 5L g0k — Py R T4 P AL
JulEl, I Qy A KIEE LI A 709 nm. 54148 #-18
WAL &4 3 AHLE, &) 4 46 C(3b)-Ar b5 HE—4
FE I, R m] WG el KB FIRE A T 4 nm
L0, IR EEHE 7820 i HH, 78 N2T-N2 4l [ J B (1 52
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SRR KA T ILHEAR R, M T DU 3 =
HERE ] IR K. ML 28 3518 W kAL 48
PO HT AT LUK I, N-FRAR 4148 3518 TR 2 1 Qy %
W HILAE 709 nm™, TR IR N B T LUR, BTE
PARBC &Y 3 s WGl K 2~ 2 702
nm. SV SRS 8 el L& E s TG, H
BRI RS T 4 nm. HEEEATAEY SRS
TR EER WG, SRET5 AN A &4
b [)—Fii, O R SRR TR RO B AR
D SRR R =i 72 22 M N s Sl w62 NSV O N A LT
TR IR ILHOSOR, (75 DY IR 7> 182K T3
oy, PeE T T AR AR THUE Z YRR
WEERN. b, BT RRATEM RO A8
T, B E 4 AR POE R T R, AT
P T a)m AN IR R, DR S R AR A
Y Q WIS I £ I WUIAHE T k2>

ZULEE - 18 AT 10 11 - AR KL AR LU 5 K
WAIE, A3 Qy MR L [ A DA PR 4 0 1 ) 2R
Y11 AR NE R IR L0 13 nm, LR K a] DAY 45
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OCH;

OCH;

OCH;

MPa 1 (668 nm) [R M aqymm |Rr Qy/nm | R Qy/nm
2|H 2H 709 10|H,CC=O 703 |15 OH 708 o
3| H Ni 702 H,C—CH; 690 |46 C=0O 715 homoconjugation
4/ CHO Ni 706

B AR ey R A 2R L KT I

Figure 1 Conjugation systems of chlorophyllous chlorins and their absorption maximums

R 3= R PR S 5 R e M 2 TR) mT DA s [R) 2L 328 v,
R BRI (i S8 A v LS I 3a-47 I AL 5 RIA B L B
BB, E— e R _ERRR T HUMO A1 LOMO 2
M TR e . SAY) 15 MLL, 20453-18 Wk
J1 16 1) Qy Wi A A8 N B 8 I 2L A% (AQy =7 nm).
ZIER 18 WEENZ 1 AME S TO 5 RN BT B R 11
JLHEE R, &A1 e AP S R v DA e — A
Wb FE 5 BUR 7 I AR i R A RIS AR RN, g il d
K] WIS K A AR 2085
1.2 MERZRMERFH Vilsmerier &L

TEAE B 2R IR BRI S I (Ni-MPPa) ', &R R &
T UL dge 2B A AN EURFRCA7, JFEL 3d. Bl
PN EM TS 5 K0 71 o AR, W5 &1
TRIR-18 BAGA T LU H, 3 SRR C(T)—
C(8)Z ] I FA P XU Ui 25 T~ BRI 05 B AR R 2 4%,
DRI I 35 20 T 0 B 22 PR AR IR (R AR 22 IO . BRI Z
Ah, 5 EPERIR N 20-meso-fo7 12 5% LA s B AT 8
P75 AERR B H BRI AL T, Ni-MPPa [ 4MEIRE AT
DL A il 1 2 5 4 Ni-MPPa',  FL 1 2 00 ) 4,
7512 Fh-14m H 11 16 FR- 187 HL T I P AN 75 75 44 2 L 1H],
DMAE 13247 b [ RE A LR AR s AR R B, % R 3
C(7)—C(8) I N MU A7 {178 BRI 7% (Al FHASOR, £E i
Bt 2k -a WAL A5 DMF/ — SUA B 1)
Vilsmerier N A7 0] BER AAE B-FRIGEEXUEE NS 13247
20-meso-i Rl 3-P LM FEIT =AM b B-IR NI LA
KR BEFRHE 1 25 i 1 PR A BRI S A TE 1, i HL
WRIEES T A 5 ZENb Wy KIR0] LB B e I LR,
MM HE Vilsmerier JWEPEED R A 7E 13247 EUL A
XSS, 40 20-meso-Pi 1 3-7 ZHHE Vilsmerier 2
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R )4 B AN C LEAT SR I  RE. 1 76 FE R e
HER T U%-18 50007 IR R, AN s T A
SN IR RE; TR 2T C A IR 1 3a-f7 p
s AR SZE C(3)—C(Ba) i A tjies, 1E )k
PRI 2 B P R 8 ) 52 B 0 S (e R, Dt LA MEAR
XFAR(E 2).

B T HLF RN LAA, SEARZEN AR E 520 Vilsmerier
SN BN 2. ZERTIII TR, 2tk & 5 B R
Beaw)G, 5 =S 3-N,N-— L E L i A
JR PRI AR AR BEAT S L SO I, e NN -1 L
I L D e R TR 347 S A s S L ) 2 ) 47 BELAH o)
BN, AL PR 20 SR P b E N 20-meso- 1T AN S
3b-fr 7 LT R E-18 WA AL A 2 () Vilsmerier
SN BEE IE S A B, L RS 1 5 N A AR B/ 37
PR 3b-07 b FLJE R AT DUUA 45 b o5 A B KA R
6 TGP T Jiie Xo) AL 435 ) T S AR B 14D S e S 2 7, A o
17-F1 18-Ai BARILH 7] 20-meso-fi Kk ks, 115 20-
P JE BB R SEAR R IR /N, 5o, =S8R N N-—
5 PP e 2 R P 23 AR AR R, NN R T s i
S A SSARIE, 78 RN FE 5 20-meso-{r J& TR (1) 23 1]
SERTE EGAIRH, A R RFRIAE 3-07 £ 2E Eok AR
Vilsmerier < V.

2 %ig

FIFHM 285 -a BEEF=PI C(3)- LI 3R AN IR
SERMEN, ERIAAN RN B b R e pe i,
S 0T T e XU K A e Ao s SI i 41 U S8 HG MR e A
R e s AN [ S 3R B = ) (R AR S 4 ] LA
Pk R A Vilsmerier )Y, 43 WIAELE 20-meso-fr 1 3-
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e S E AR

e Ena |

B2 ISR AR Vilsmerier &M R H X 381 B
Figure 2 Vilsmerier reactions and regionselectivities of chlotophyll-a degradation products
7 AR 51 05 B . 2 DT JCBF
RN ) G M 3 RS GRS, 5
FA R M T S K AR L T
[ 5 AV A

3 XWEH
31 UE5RF

JTCE T Perkin-Elmer 2400 7 582 A 22
IR ] Perkin-Elmer 1730 21 414356 B %€ (KBr &
Fi); UV-vis il UV-160A REe50 3600 il 'H
NMR ff] Brucker ARX-300 FUAZREILHRACI 2, WAs N
TMS; BRI A o Hraifib i g, et 4¢i-a
B 1 3% SCHR[13]H#%; 20458 5R-18 Wl 14 % 3CHR[14]5
.
3.2 N-FEHEIYLE-18 TERRPAEQ)MNEK

4 756 mg LB SRR HHig-a (1) (1.246 mmol)¥ i
T30 mL PYSRRAE 1, FEI0A 160 mL H AL BA TR
R, =TT OB RN 5 h, e N R SRR
VAT pH AEZE 1, B NIRAWIFEIA 200 mL KH,
S PEABUKA @40 mL X 3), AIFAHLZE, Kok, HE
IKBR RN T Ja B 7). ARG EHTA AT 100 mL It
eI IAWFRER 380 mg shIRIENE, HWBEFE XN 5 h,
TN 10 mL ZFRF1 300 mL /KA T4 )2, 43 AP
IKPEPIIR, FTCKBR RN T8, IR0 B 229570 9 F B A
HBE LR A B, 53 2370 I K TR 4 il i A S 4
B V 2mew 0V ran=1 : 43 568 mg £ 0 [ 14 2
(0.935 mmol, 75%). 4 M1 55 SR 1413
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33 3-HBMZHEE-I-EZHEE-N-FEELEE-18 T
Bz R EC & H(4) & BL

517 mg 54 2 (0.851 mmol)¥ % T 30 mL I IE
W R RONVAR RN 1.5 g WFH KBS RRAR, 90 CHidk
SN w4 b, JRERR R RN, KRR IEE T 160
mL & EEH, B 10 mL ZE A 160 mL /K347y
2, A PRI KBER IR, T 5 F A b Ak 2,
B 22V 0 K TR AR DI A S AT o B ORI ) V 2mm
Vieen=1 " 3)43 381 mg sLakalfilfk 3. 0 CFm&A 98
mg — FUE(0.537 mmol) [ s NI N 47 mg N,N-—-
HH 6 FH 9t J12(0.543 mmol), CRIFAH [R] RIS FE: SO 15
min, FHE NI R NEBRMAR S HREEGY 3
(0.573 mol)] 0 CI S HHEHH (20 mL)H, kK
KB FEEURBERE 18 h 5, A 100 mL YA BR AN %
W, FRARSEARE 2h, H S BEAS S WY 5 (40 mL X 3),
EIFENM, TSN 5 mL H% T 5t 2Bk L
T, B 259 0 5 8 8 00 3 A 2 AT 4 e (e I A
Voewew © Voron=1 ' 443 123 mg =4Ok 4 (0.178
mmol, 31%). m.p. 266~269 C; UV-vis (CHCl3) Apax
(relative intensity): 389 (0.90), 423 (1.00), 558 (0.10), 647
(0.24), 706 (0.95) nm; "H NMR (400 MHz, CDCl;) 6: 1.32
(d, J=7.1 Hz, 3H, 18-CH;), 1.52 (t, J=7.6 Hz, 3H,
8-CH3), 1.89~1.94 (m, 1H, 17a+17b-H), 2.18~2.26 (m,
1H, 17a+ 17b-H), 2.28 ~2.71 (m, 1H, 17a+ 17b-H),
2.74~2.83 (m, 1H, 17a+17b-H), 2.97, 3.09, 3.50, 4.64,
4.26 (each s, each 3H, CH;+OCHj;), 3.43 (qd, J=19.7,
7.6 Hz, 2H, 8a-H), 4.11 (q, J=7.1 Hz, 1H, 17-H), 4.71

http://sioc-journal.cn/ 1903
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(dd, J=9.6, 2.5 Hz, 1H, 17-H), 6.97 (d, J=16.1, 7.5 Hz,
1H, 3b-H), 8.33 (d, J=16.1 Hz, 1H, 3a-H), 8.01, 8.73,
9.02 (each s, each 1H, meso-H), 9.97 (d, J=7.5 Hz, 1H,
3¢c-CHO); IR (KBr) v: 3506 (N—H), 2974, 2939 (C—H),
1731~1697 (C=0), 1608 (C=C), 1548 (chlorin skele-
ton), 1409, 1257, 1068, 910 cm ' Anal. caled for
C36H3sNsNiOg: C 62.45, H 5.10, N 10.11; found C 62.68,
H5.17, N 9.97.
34 3-(1-BEZE)I-ECTHEE-20-BEZHEEER
BT 4RER-a FESREC S Y(7)RE B

¥ 477 mg B SRR 1 FE-a 1 (0.786 mmol )#fif
50 mL W &, ZAARY FIRR AN 3 he 285 1)
RVARZR I 10 mL 40%[IRILE LR, 50 CHit
FERMY 1.5 h, B RNIEAPIEFEIA 200 mL KH, 245
e A UK A (40 mL X 3), A IFH PR, Kvk, HIEK
TR T 0o A U R e a3, ok o 5 7710, K e 42
%@ﬁ*fﬁ*ﬂﬁ]\%((ﬁﬂfﬁﬁu V zwem « V ogen=1 1 4), f%"
214 mg (4 [E 14 6 (0.377 mmol, 48%). FEHIH AR T 100
mL MEREFF I 1 g BFHBERRER, 90 "CHiihe KV % it 4
h, s R 2 ROV T, IR PR T 75 mL
AFFEERAE. OK 1 mL 0 3-N,N- " FF R e R A I i
it T 10 mL & FHe, BEZE 0 Cla, BiMA 1 mL
SRR 15 min, X5 P Vilsmerier 570
BRI S PR, TSREWE 0 CH&HT
AREEBEFE 1 h, SRJFTHEZE 50 CIF4k8iHE v 5 hJF,
BN 100 mL MFIBR BRAMVEIL, 7560 CHISEE T gk aldi
P2 h, [ NVIRAY T I 50 mL KR 20 mL &
fe, A NZE, H &P LREAR(50 mLX2), &9
HHAH, HICKIKBRRN T4, FIEREMMA 5 mL &
ST SR TR AL S B 250 00, KT s o 4 )2
Br o B CUEER: V cem -V ieew=1 1 3)fF 115 mg 7e4¢ 4
il 44 7 (0.170 mmol, 45%). m.p. 256~259 C; UV-vis
(CHCI3) Amax (relative intensity): 413 (1.00), 436 (0.15),
578 (0.25), 693 (0.64) nm; "H NMR (400 MHz, CDCL5) ¢:
1.18 (d, J=7.3 Hz, 3H, 18-CH3), 1.42 (t, J=7.8 Hz, 3H,
8-CH;), 1.79 (d, J=6.5 Hz, 3H, 3a-CH;), 1.90~2.21 (m,
2H, 17a+17b-H), 2.30~2.43 (m, 2H, 17a+17b-H), 2.79,
2.93, 3.20, 3.56 (each s, each 3H, CH;+OCH;), 3.38 (q,
J=7.8 Hz, 2H, 8a-H), 3.71 (q, J=7.1 Hz, 1H, 17-H), 4.06
(d, J=8.8 Hz, 1H, 18-H), 4.39 (d, J=19.8 Hz, 1H, 13*-H),
4.61 (d, J=19.8 Hz, 1H, 13%-H), 5.71 (dd, J=16.0, 8.0
Hz, 1H, 20b-H), 5.81 (t, J=6.5 Hz, 1H, 3a-H), 8.39 (d,
J=16.0 Hz, 1H, 20a-H), 8.92, 9.31 (each s, each 1H,
meso-H), 9.69 (d, J=8.0 Hz, 1H, 20b-CHO); IR (KBr) v:
2958, 2925 (C—H), 1737, 1704 (C=0), 1618 (C=C),

1904 http://sioc-journal.cn/
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1539 (chlorin skeleton), 1463, 1361, 1228, 1172, 1041,
908 cm '. Anal. caled for C3;H3sN4NiOs: C 65.60, H 5.65,
N 8.27, found C 65.44, H 5.53, N 8.10.

3.5 20-BEtZHEEREMRER-a BERESH(8)
BIE B

¥ 123 mg 8LACAY) 7 (0.182 mmol)ifi# T 20 mL
THIRA, HIIA 10 mg X AR, 2RI T IR
N1 h, BB 20 mL 7K, FEIIA 40 mL
TR, AR R FKUE IR, KR RN T4,
TSI 5 mL 5 T BE LBk A5 B LA,
T RPERL AL Z T B GEA): V cmem 0V won=1 1 3)
4 81 mg Z¥ (A [ 44 8 (0.122 mmol, 67%). m.p. 242~245
C; UV-vis (CHCl;) Apax (relative intensity): 409 (1.00),
605 (0.22), 694 (0.45) nm; 'H NMR (400 MHz, CDCL) ¢:
142 (t, J=7.1 Hz, 3H, 8-CH3), 1.45 (d, J/=7.3 Hz, 3H,
18-CH3), 1.90~2.40 (m, 4H, 17a+17b-H), 2.81, 2.91,
3.25, 3.57 (each s, each 3H, CH;+OCH;), 3.40 (q, J=7.6
Hz, 2H, 8a-H), 3.63 (q, /=7.2 Hz, 1H, 17-H), 4.42 (d, J=
7.2 Hz, 1H, 18-H), 4.46 (d, J=19.8 Hz, 1H, 13°-H), 4.58
(d, J=19.8 Hz, 1H, 13*H), 5.77 (d, J=17.8 Hz, 1H,
trans-3b-H), 5.89 (dd, J=15.6, 7.8 Hz, 1H, 20b-H), 5.92
(d, J=11.4 Hz, 1H, cis-3b-H), 7.42 (dd, J=17.9, 11.5 Hz,
3a-H), 8.39 (d, J/=16.0 Hz, 1H, 20a-H), 8.74, 8.92 (each s,
each 1H, meso-H), 9.71 (d, J=7.8 Hz, 1H, 20b-CHO); IR
(KBr) v: 2960, 2927 (C—H), 1737, 1699 (C=0), 1618
(C=0C), 1552 (chlorin skeleton), 1456, 1375, 1224, 1166,
1002, 896 cm ™. Anal. caled for C3,H3sN,NiO,4: C 67.39, H
5.50, N 8.50; found C 67.44, H 5.39, N 8.69.

3.6 20-BEt CHEERENRER-a BERESH(9)
BIE A

¥ 77 mg BRECAY) 8 (0.117 mmol) W fRAE 25 mL —
SURBER, BN 25 mL 30%01 =5 L ER/KEI, Fifs
TRA RSN FHERE 5 h REH RVIREGDEIN 80
g vk, WKL G ] &R ACHU(50 mLX2), &
AU IT FHJC KBRS T4, TR A 5 mL H%
e SRV P A S B 258 70, R i i AT S 4 4
%({?ﬁﬂﬁﬁ?fﬂ V emem « Vigen=1: 4)?%" 20 mg QI@"TZ'-‘ 9
(0.033 mmol, 28%). m.p. 236~239 C; UV-vis (CHCI;)
Amax (relative intensity): 4.20 (1.00), 493 (0.05), 570 (0.12),
690 (0.45), 698 (0.19) nm; 'H NMR (400 MHz, CDCL) 6:
—0.92 (brs, 1H, NH), 0.04 (br s, 1H, NH), 1.43 (d, J=7.1
Hz, 3H, 18-CHj), 1.66 (t, J=7.6 Hz, 3H, 8-CHj3), 2.07~
2.39 (m, 2H, 17a+17b-H), 2.42~2.68 (m, 2H, 17a+
17b-H), 3.15, 3.18, 3.58, 3.62 (each s, each 3H, CH;+
OCHay), 3.61 (q, J=7.6 Hz, 2H, 8a-H), 4.15 (dd, J=8.8,
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4.2 Hz, 1H, 18-H), 4.71 (q, J/=7.2 Hz, 1H, 17-H), 5.12 (s,
2H, 13%-H), 6.10 (dd, J=17.9, 1.1 Hz, 1H, trans-3b-H),
6.22 (d, J=12.0, 1.1 Hz, 1H, cis-3b-H), 6.56 (dd, J=15.6,
7.8 Hz, 1H, 20b-H), 7.83 (dd, J=17.9, 12.0 Hz, 1H, 3a-H),
9.11 (d, J=15.6 Hz, 1H, 20a-H), 9.40, 9.47 (each s, each
1H, meso-H), 10.10 (d, J=7.8 Hz, 1H, 20b-CHO); IR
(KBr) v: 3446 (N—H), 2956, 2927 (C—H), 1731~1701
(C=0), 1623(C=C), 1560 (chlorin skeleton), 1463, 1374,
1232, 1170, 1033, 914 cm™'. Anal. caled for C3;H3sN4Oy:
C 73.73, H 6.35, N 9.30, found C 73.64, H 6.21, N 9.19.
3.7 N-BEE-3-FMEE-3-AZHELILEH-18 LA
BREREE(10)89& X

75 50 mL G0 e 25 mL PP R IR A P AR 200
mg (0.329 mmol)[JHb &4 2, T 0 C PR T 30mL
HIE 150 mg = /KAH IR PRI A 3 e Nk & e, I
L6 BRI R BERE SN 50 min. 2R AN\ 30 mL VA BR AN
H BRI, S0 N 3ERE 30 min J5, N 2 mL KL
PRI, PR ) F A TE R JERR 25 I 30 mL 7K
M40 mL “SUEE, AL, FHJCKBRR TS
PR, K AR L0 6 [ /R FHNA AR T 10 mL 80%IH)
IR, =W 4 h, FIA 100 mL /K1 25 mL
TR, A AENZE, HSFEEAAR(G0 mLX2),
HICHNUH, KUEE T8, W4, FIRDARERAEZ T
SRR Vo -V zwew=2 0 1), £4 152 mg BG4
WA= 4) 10 (0.260 mmol), F=Z 79%. m.p. 231~233
‘C; UV-vis (CHCl;) Apax (relative intensity): 417 (1.00),
478.4 (0.15), 508 (0.17), 545 (0.24), 661 (0.19), 703 (0.38)
nm; 'H NMR (400 MHz, CDCl3) §: —0.10 (br, 2H, NH),
1.66 (t, J=7.6 Hz, 3H, 8-CH3), 1.74 (d, J/=7.4 Hz, 3H,
18-CH3), 2.40~2.56 (m, 2H, 17a+7b-H), 2.63~2.73 (m,
2H, 17a+7b-H), 3.15, 3.28, 3.58, 3.80 (each s, each 3H,
CH; +OCH3), 3.59~3.61 (m, 2H, 8-H), 3.84 (s, 2H,
3a-H), 4.26 (s, 3H, NOCH;), 5.22 (d, J=8.0 Hz, 1H,
17-H), 4.31 (q, J=7.0 Hz, 1H, 18-H), 8.56, 9.09, 9.57
(each s, each 1H, meso-H), 10.08 (s, 1H, formyl-H); IR
(KBr) v: 3419 (N—H), 2915, 2848 (C—H), 1726, 1709
(C=0), 1619 (C=C), 1578 (chlorin skeleton), 1445,
1374, 1161, 983 cm '. Anal. caled for CssH3NsOq: C
67.40, H 5.98, N 11.23; found C 67.21, H 5.72, N 11.38.
3.8 N-HEHE-3-CE-3-ACTHELEKZR-18 THthzH
BE(11)B9E B

#4197 mg tb 54 2 (0.324 mmol)i 1 15 mL & H
B, SR 160 mg 48, 1k FIEAZR, Filh
PSRN 2 h, i, H T ETBEUERIEDE, A IFIERFIYE
B, T JCKBR IR T Ik, TRy A 28 o
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B LA Vomen @ Viees=1 1 5)#F 137 mg ZL 044 11
(0.224 mmol), /%% 69%. m.p. 216~219 C, UV-vis
(CHCI3) Ay (relative intensity): 4.05 (1.00), 476 (0.16),
508 (0.26), 544 (0.66), 638 (0.24), 690 (0.93) nm; 'H NMR
(CDCl3) 0: —0.06, —0.50 (each br s, each 1H, NH),
1.60~1.68 (m, 6H, 3b-CH;+8b-CH3), 1.70 (d, J/=7.2 Hz,
3H, 18-CH;), 1.96~2.06 (m, 1H, 17a+17b-H), 2.31~
2.50 (m, 2H, 17a+17b-H), 2.65~2.82 (m, 1H, 17a+
17b-H), 3.60 (q, J=7.7 Hz, 2H, 3a-H), 3.68 (q, J=7.6 Hz,
2H, 8a-H), 3.12, 3.22, 3.59, 3.76, 4.39 (each s, each 3H,
OCH;+CHs), 4.30 (q, J=7.3 Hz, 1H, 18-H), 5.33 (d,
J=28.2 Hz, 1H, 17-H), 8.44, 9.13, 9.52 (each s, each 1H,
meso-H); IR (KBr) v: 3389 (N—H), 2939, 2916 (C—H),
1733~1695 (C=0), 1607 (C=C) 1550 (chlorin skele-
ton), 1498, 1363, 1159, 1109, 1072, 892 cm™'. Anal. caled
for C35H39N;50s5: C 68.95, H 6.45, N 11.49; found C 69.09,
H6.55,N 11.22.
39 3-(1-BoRECHE)I-ZZHEEREMLERER-a
FEE(12) K& X

¥ 289 mg MBS -2 FE(1) (0.476 mmol)i%
fit T 30% MR LIRAI(18 mL), R TR =
WAEFE 5 h, R R BRSEF G, BIEMA 200 mg &
fi#(1.69 mmol), 80 mg JL/KBKIRET AN 20 mL T4 — 5
Hge, ZUUORYT N = 10 h, A 50 mL &
FEA 50 mL KFRRE S NE ), o A HLZE I K e,
TR R BT i 9 M ok 59 711, 0 A gl AT 2 AT 7y
%({?ﬁﬂﬁﬁ?fﬂ Vewem « Vieeg=1: 3) ?%l‘ 106 mg é%é’ﬁ-‘
12 (0.159 mmol, 41%). m.p. 245~248 ‘C; UV-vis
(CHCl;) Amax (relative intensity): 409 (1.00), 473 (0.07),
505 (0.13), 535 (0.12), 605 (0.11), 661 (0.50) nm; 'H NMR
(CDCl3) 0: —1.79 (br, 1H, NH), 1.15 (br, 1H, NH),
1.16~1.75 (m, 8H, 3-CH,), 1.64 (t, J=7.6 Hz, 3H, 8b-H),
1.75 (d, J=7.2 Hz, 3H, 18-CH3;), 2.06 (d, /=6.6 Hz, 3H,
3a-CHj), 2.10~2.70 (m, 7H, 17a+17b-+3a-CHj;), 3.21,
3.32, 3.54, 3.60 (each s, each 3H, CH;+OCH;), 3.42~
3.78 (m, 4H, HOCH,+8a-H), 4.21 (d, J=8.5 Hz, 1H,
17-H), 4.42 (q, J=17.3 Hz, 1H, 18-H), 5.09 (d, /=19.8 Hz,
1H, 13%-H), 5.17 (d, J=19.8 Hz, 1H, 13*-H), 5.84 (q, J=
6.6 Hz, 1H, 3a-H), 8.46, 9.44, 9.71 (each s, each 1H,
meso-H); IR (KBr) v: 3458 (N—H), 2958, 2856 (C—H),
1737, 1704 (C=0), 1616 (C=C), 1571 (chlorin skeleton),
1481, 1438, 1265, 1081, 1022 cm '. Anal. caled for
C4Hs50N4Os: C 72.04, H 7.56, N 8.40; found C 72.18, H
7.59, N 8.25.

http://sioc-journal.cn/ 1905



BHlLE

310 3-(1-BEKXEECE)-I-ZZHEEMEMER
i2-a FER(13)ME L

7t 25 mL [ SR GE P g 139 mg —&nbwy
fi 12 (0.208 mmol), 7EEVTRY R, W IIA 20 mg N-
R BE I RS A A B 15 min, PR/ IEIIA 30
mg S E RV A HEEZ (TPAP), HIEAZAT IR SO, 4
LS h G RIVER, PRI 20 mL K, i & 45 7t
Kz, KIZH Z S AR (15mL X 3), & IFAHLEIE
M TCK R BRI, B 25070 e A B AT 2 B R W (v
RV oomen © V open=1 ' 4HfF 82 mg BEMHEAL 13
(0.123 mmol), F=ZK 59%. m.p. 239~241 C; UV-vis
(CHCI3) Amax (relative intensity): 408 (1.00), 504 (0.15),
535 (0.25), 604 (0.22), 661 (0.45) nm; 'H NMR (400 MHz,
CDCl;) 6: —1.80 (—1.76), 2.37 (each br s, each 1H, NH),
1.64 (t, J=17.6 Hz, 8-CHj;), 1.73 (d, J=7.1 Hz, 18-CHj),
1.95~2.72 (m, 12H, 17a+17b-H+3a-CH,), 2.22 (d, J=
6.7 Hz, 3a-CH;), 3.19, 3.31, 3.54, 3.61 (each s, each 3H,
CH;+OCH3), 3.42~3.63 (m, 4H, 8a-H+3a-OCH,), 4.24
(d, J/=8.8 Hz, 1H, 18-H), 4.39 (q, /=7.1 Hz, 1H, 17-H),
5.08 (d, J=20.0 Hz, 1H, 13%-H), 5.15 (d, J=20.0 Hz, 1H,
13%-H), 5.83 (q, J = 6.7 Hz, 3a-H), 946 (s, 1H,
3a-O(CH,)sCHO), 8.46, 9.60, 9.67 (each s, each 1H,
meso-H); IR (KBr) v: 33419 (N—H), 2915, 2847 (C—H),
1733~1691 (C=0), 1604 (C=C), 1497 (chlorin skele-
ton), 1437, 1365, 1199, 1111, 981 cm '. Anal. calcd for
C4oHysN4Os: C 72.26, H 7.28, N 8.43; found C 72.44, H
7.23, N 8.61.
311 N-BZEELILE-18 TEAZRES(15)RIA K

K5 120 mg 215 %18 16 3 (0.207 mmol)i#¥ /i T 10
mL FZEH, I 90 mg $£ ZFE4, 120 °C IRl HEFE W
3 h, R RSV R, KRBT O 8 3R A (U B
V ozmew -V orer=1:3)13 83 mg HEAEA 15 (0.133
mmol), %% 64%. m.p. 258~261 C; UV-vis (CH,Cl,)
Amax (relative intensity): 419 (1.00), 508 (0.06), 551 (0.18),
708 (0.34) nm; '"H NMR (CDCl3) 6: —0.04, —0.06 (each
br s, each 1H, NH), 1.63 (t, J/=7.6 Hz, 3H, 8-CH;), 1.74
(d, J/=17.3 Hz, 3H, 18-CHj3), 1.89~2.00 (m, 2H, 17a+
17b-H), 2.35~2.46 (m, 1H, 17a+17b-H), 2.69~2.76 (m,
1H, 17a+17b-H), 3.10, 3.33, 3.59, 3.75 (each s, each
3H, CH;+OCH;), 3.56 (t, J=7.6 Hz, 2H, 8a-H), 4.34
(@, J=7.2 Hz, 1H, 18-H), 4.21 (t, J=9.2 Hz, 2H,
NCH,CH,0OH), 4.77 (t, J=9.2 Hz, 2H, NCH,CH,0H),
5.29 (d, J=7.2 Hz, 1H, 17-H), 6.14 (dd, J=11.6, 1.0 Hz,
1H, cis-3b-H), 6.26 (d, J=17.8 Hz, 1H, trans-3b-H), 7.85
(dd, /=17.8, 11.6 Hz, 1H, 3a-H), 8.54, 9.27, 9.50 (each s,
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each 1H, meso-H); IR (KBr) v: 3419 (N—H), 2916~2846
(C—H), 1734~1689 (C=0), 1618 (C=C), 1551 (chlorin
skeleton), 1466, 1345, 1217, 1161, 1104, 977 cm™'. Anal.
calcd for C3H39N5O5: C 69.55, H 6.32, N 11.26; found C
69.44, H6.29, N 11.41.

3.12 N-BEREELTLE-18 TERRRE(16)BIS

DAL 583R-18 W% 15 24X 12, #4549 13 1
8 TR LA A 16, 772 51%. mop. 250~253 C;
UV-vis (CHCl;) Ay (relative intensity): 413 (1.00), 514
(0.11), 545 (0.12), 613 (0.06), 715 (0.42) nm; 'H NMR
(400 MHz, CDCl3) ¢: 0.21, 0.07 (each br s, each 1H, NH),
1.68 (t, J=7.6 Hz, 3H, 8a-CH;), 1.74 (d, /=7.2 Hz, 3H,
18-CH3), 1.99 (dd, J/=19.2, 9.8 Hz, 1H, 17b-H), 2.41 (dd,
J=21.4, 11.5 Hz, 2H, 17a+17b-H), 2.69 (dd, /=214,
10.9 Hz, 1H, 17a-H), 3.64 (q, J=7.6 Hz, 2H, 8a-H), 3.16,
3.35, 3.59, 3.81 (each s, each 3H, CH;+OCH;), 4.33 (q,
J=7.3 Hz, 1H, 18-H), 5.27 (d, J/=8.8 Hz, 1H, 17-H), 5.29
(s, 2H, NCH,CHO), 6.18 (d, J/=11.4 Hz, 1H, cis-3b-H),
6.30 (d, J/=17.9 Hz, 1H, trans-3b-H), 7.89 (dd, J=17.9,
11.4 Hz, 1H, 3a-H), 8.55, 9.34, 9.60 (each s, each 1H,
meso-H), 9.95 (s, 1H, NCH,CHO); IR (KBr) v: 3377 (N—
H), 2954~2862 (C—H), 1728~1700 (C=0), 1650, 1620
(C=C), 1554 (chlorin skeleton), 1433, 1346, 1168, 1005,
910 cm ™ '. Anal. caled for C3H3;NsOs: C 69.77, H 6.02, N
11.30; found C 69.54, H 6.13, N 11.53.
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