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Abstract: 3'-Epimerically pure zinc 3-(1-hydroxyethyl)-13!-oxochlorins possessing several
substituents at the 20-position were prepared. In non-polar organic solvents, the synthetic zinc
complexes self-aggregated to form oligomers with >700-nm absorption and giant CD peaks, which
were dependent upon the 3!-absolute configuration as well as the 20-substituents. The in vitro self-
aggregates of each epimeric zinc chlorin with a 20-methyl group showed similar visible and CD spectra

Al e

with the in vivo bacteriochiorophyii-¢ (3'R/5=2/1) aggregates in extramembranous antennae of a green
photosynthetic bacterium. The spontaneous in vitro self-aggregates of 3!R/S(=2/1)-epimeric mixture
of the zinc 20-methylchlorins were different from the natural supramo]ecu]es indicating that in vivo
slow oligomerization of 3'R/S(=2/1)-bacteriochlorophylls-c induced the regular supramolecular
structures and/or the e emmpncallv separated assemblies. © 1998 Elsevier Science Lid. All rights reserved
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INTRODUCTION

Green photosynthetic bacteria have unique light-harvesting antenna systems (=chlorosomes). In natural

chlorosomes, major chlorophyllous pigments self-aggregate to form oligomers which are characteristic of red-

shifted absorption bands compared with the corresponding monomers.! The pigments are several homologues

of magnesium complexes of 31-hydroxy-131-oxochlorins (=bacterio-
=BChl)s-c and d, see Chart 1). BChls-¢

and d represent ~x! )

20-methyl (R2 =Me) and 20-unsubstituted compounds (R20=H), XX\ R?
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Recently, the diastereomeric control of the in vitro self-aggregates was reported: 31R/S epimerically pure
samples gave different aggregates in organic solvents.# We know of few works4e.f which tried to elucidate the
reasons why the 3!-epimeric mixtures are in natural systems.

We reported earlier that synthetic zinc 3-hydroxymethyl-13!-oxochlorins are good (stable and available)

models for natural BChls-c/d 5-7 H e renort on the cunthacic of 2 _animerically nure zines 201
S o mARS T o & VOAWPRAL VI LW S Y RILILOLS Vi U WL IRl UiV i U7l
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RESULTS AND DISCUSSION

Synthesis of Zinc Chlorins
Chlorophyll(=Chl)-a was extracted

commercially available species (use as carp feed, Dalmppon Ink and Chemicals) has only Chl-a as a

~Ahlasamhollane migmant and Rl o im tha deg ~call gine minee cacilu camprabad oo mbbess redorrra o s 2o L b
UIUIVPH Y HUUDS PIEIDCIIL allU WAL 1 U ULy COH wad THVIC Cabily SCpdidicd 1TV OUICT PIZINCTWL tidn 1 Mgner
plants (e.g., spinach) containing Chi-b. After treatment of the cell extract mixture by sulfuric acid in methanol,

crude methyl pheophorbide-a was obtained by recrystallization from methanol and successive washing with
water and hexane. The black solid was pyrolyzed and column chromatography and recrystallization gave pure
methyl pyropheophorbide-a (1).> Hydration of the 3-vinyl group afforded methyl bacteriopheophorbide-d (2a)
by slight modification of procedures originally reported by Smith and his colleagues (see Experimental
section).8 The reaction occurred non-diastereoselectively to lead an epimeric mixture of 3R (2aR) / 31S (2aS)

=1/1 (from IH-NMR spectral analysis). 20-Unsubstituted chlorin 2a was halogenated according to our

14Ut Cwiial diqlysiy L% Uil Liviil a2 .-"_-c--_.... acLuiuin

cultured species has only one homologue of BChl-¢ possessing ethyl and methyl groups at the 8- and 12-
positions, respectively, except for a variation of 17-propionate ester chains and 31-chirality,? while green sulfur
bacteria have many homologues possessing several alkyl groups at the 8- and 12-positions. The extracted
BChl-c was changed to methyl ester of metal-free chlorin 2d. The formula corresponds to 20-methylation of
2a. Methyl bacteriopheophorbide-¢ (2d) prepared was an epimeric mixture of 3'R (2dR) /315 (2dS)=2/1
because naturally occurring BChl-c in the chlorosome is an epimeric mixture of the same ratio.

The metal-free chlorins 2a-d were metallated to give zinc complexes 3a-d.  Purification of flash column
chromatography (FCC) recrystallization and HPLC (only MeOH as an eluant) gave 3!-epimeric mixtures of
[N T PRSI ATE abiy coprndbinelion ~ll e sre mhavaataricad he LT NMD /ITY and AT _MNCV/NNECVY
purc Zinc Ciiornig AL UIC DYHNHCUL CHIVIHIS WEIC CIIUACICIILZCU DY "TI-INIVIRN 1LY dill 21UV 1/INUL O 1,

Separation of Epimeric Chlorins

31.Epimeric mixtures of metal-free chlorins 2a and 2d have already been separated by several runs of
reversed-phase HPLC (achieved upon recycling).8 We also tried to separate the mixtures of all synthetic metal-
free chlorins 2a-d but were able to get only poorly separated chromatograms by a single run of HPLC.?

e (1:1) of zinc complex 3a was easily separated by the single
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Scheme 1. Synthesis of zinc chiorins 3

i) extraction; ii) H,SO4/MeOH: iii) collidine-reflux; iv) HBr/AcOH; v) CsHsNF"CF3S04 /CH,Cly—
CgHsCH;—CH;CN for fluorination, NaCiO,/H20-THF for chiorination; vi) Zn(OAc),/MeOH-CH,Cl,.
* including other esters.”



6702 H. Tamiaki et al. / Tetrahedron 54 (1998) 6699-6718

mL / min), 31-epimeric bands were completely separated (see Experimental section) and the separation ratio (R;)

between bands of (3'R)-3R and (315)-3S increased with 20-substitution: Rg = 1.9 (3a, R20=H) < 2.6 (3b,
0=F) < 2.9 (3¢, R20=Cl) < 3.0 (3d, R20=Me). After preparalive HPLC separation of the epimeric mixture

zinc chlorins (3aR / 3aS) were demetallated hv the

ive 3l.enantiomericallv p
€ 3l-enantiomencally pur

(see Scheme 2).10 Each metal-free chlorin in chloroform-d was analyzed by 'H-NMR. Compared with
ed chemical shifis at the meso-positions (5-, 10-, 20-H) of each stereochemistry-determined 2a,® the
metal-free chlorin derived from the first and second fractions was 2aR and 2a8, respectively, and then the first
eluted band (retention time, rt = 32 min) was assigned to (31R)-3aR and the second band of rt = 34 min was
(315)-3aS.

Epimerically pure chiorins 2aR / 2aS were fluorinated in an analytical scale (< 1 mg) and successively
zinc-metallated as described above to afford epimeric zinc 20-fluorochlorins 3bR / 3bS without epimerization,

respectively. Each zinc chlorin was analyzed with HPL.C, indicating that the first band (it = 34 min) was 3bR

-
i
(@]
=

and the second band (1t = 39 min) was 3bS. Moreover, in a preparative scale (> 10 mg), 20-unsubstituted
chlorin 2aR (or 2a8S) was fluorinated (vide supra) to give epimeric 20-fluorochlorin 2bR (or 2bS)
stereoselectively and the first (or second) eluted band in HPLC of zinc fluorochlorin 3b was demetallated to

give epimerically pure 2b. Comparison of the two 'H-NMR spectra of the produced metai-free 20-
fluorochlorins led to the same assignment as in HPLC analysis, Similarly, metal-free 20-unsubstituted chlorins
2aR / 2aS were converted to zinc 20-chlorochlorins 3¢R / 3¢S by chlorination and zinc-metallation. HPLC
analysis showed that the first (rt = 31 min) and second bands (rt = 37 min) were 3¢cR and 3¢S, respectively.
Identification of 'H-NMR spectra of 2¢R (or 2¢S) from chlorination of 2aR (or 2aS) with epimerically pure
2¢ from demetallation of the first (or second) HPLC fraction of 3¢ also supported the assignment derived from
HPLC analy31s

=t

¢ iOpueO'puOi‘uid’c‘-C was a 2 ; | mixture of 3dR / 3dS as mentio
the mixture gave the chromatogram that the 26-min band was 2-fold larger than the 29-min band.
the first eluted band was 3dR and the second was 3dS. In all four HPLC separations described here, the first

fraction was (31R)-3R and the second was (315)-3S. Moreover, each HPLC fraction separated from 3d was

Cl'SIOI'C

demetallated to give epimerically pure 2d. In comparing the observed 'H-NMR signals of the produced 2d
with the corresponding reported data, metal-free derivatives from the first and second bands were assigned to
2dR and 2dS, respectively.

In a diluted dichloromethane solution (ca. 10 pM) of zinc chlorins 3 except 3bR and 3cR, all the visible
absorption bands were sharp (see Fig. 1) and the widths of the Qy band were typicaily aboui 400 cm -l
Compared with previous results,” the visible spectra indicated that these compounds were monomeric in the
solution. In 3bR and 3¢R, a broad band appeared in the red side of the major monomeric Qy band (see Fig.
2). The new band was ascribed to a small aggregate, probably a dimer. In zinc fluoro- and chlorochlorins,
such a shoulder was clearly observed. The electron-withdrawing substituents at the 20-position would increase
the coordination ability of the central zinc!! so that a dimer species was formed even in a diluted

dichloromethane solution. It is of interest that the (31R)-epimers 3bR and 3cR more easily aggregated to give

arh o imers (3hS and 3¢S). The diastereomeric control was
uci a VIO \WRFAT (A (L

LTINS L8 L] \.w.
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Fig. 1. UV-visible spectrum of zinc methyl 3lS-bacteriopheophorbide-c (3dS)
in dichloromethane (ca. 10 uM),
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Fig. 2. Visible spectra of zinc methyl 20-chlorobacteriopheophorbide-d (3cR / 3cS)
in dichloromethane (ca. 10 uM), normalized at Qy peak.

vious results in 3aR/S.42 In tetrahydrofuran (THF), all the zinc chlorins 3 gave sharp

molecule coordinated with the central zinc and another hydrogen-bonded with the 3!-hydroxyl group’ (data not
shown).

In monomeric species, both Table 1. Qy maxima of epimeric zinc chiorins 3 (ca. 10 uM)
the epimers 3R/S gave the same Amax / nM
visible spectra and the Qy peak was R20 CH,Cl, 1% (v/v) CHaCl,
shifted in the order, 3a (20-H) < — cyclohexane?
3b (20-F) <3¢ (20-Cl) = 3d (20-  3aR H 648 703 [—, 705]
Me) (see Table 1). The shift was  3aS H 648 645, 698 [693, 706]
ascribed to the steric effect at the
o . 3bR F 652, 672 (sh) 708 [ —, 708]
20-substituent and a simiiar shift

. 3bS F 652 647 (sh),706 [ —, 706]

was observed in the analogous
system.® The molecular modeling 3cR Ci 658, 682 (sh) 736 {721, 743]
(PM3/MM-+ calculations®) indicated 3cS Cl 658 653 (sh),716 [717, —]
that the bulkiness of the 20- 3dR Me 658 736 [ — 740]
substituent distorted the chlorin 7t- 3dS Me 658 654, 720 {7!8, 732]

plane, which induced red-shift of

a Values in brackets show negative peaks in the second derivatives at
the region of oligomeric Qy bands.

vicihle bands

ViSiUiv vRiaiud.
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In 1% (v/v) dichloromethane—cyclohexane, all the zinc complexes 3 gave broad and red-shifted absorption
bands compared with the monomeric bands described above (see Fig. 3). The red-shifted Qy peak was higher
in intensity than the corresponding Soret peak, while the Qy peak of monomeric species was lower than the
monomeric Soret peak. The visible bands observed in non-polar organic solvents are characteristic of

(4]

(@}

Fd

[+

=]

N 0
=)

=y

oligomeric 3 in comparison with other reported spectra® The s

$114:40)11.+)) n 180N T 8] P
poaiil 1. (e 1 i

different from those of ohgomcnc (3! S)—eplmers 38, diastereomeric control was operated in the oligomerization
of 3. The Qy peak of the oligomer in 3R was more red-shifted than that in 35.!4 The second derivative of
visibie spectra indicated that ohgomeric Qy peaks consisted of several components. The major component of
oligomeric 3R absorbed longer wavelengths than that of oligomeric 3S. In the visible spectra of 3R,
monomeric species could hardly be observed around 650 nm but 3S gave a mixture of monomeric and
oligomeric species. These results indicated that (31R)-epimers in the non-polar organic solvents self-
aggregated more tightly to give longer wavelength absorbing oligomers than (315)-epimers.

oligomerization was achieved by dilution of a concentrated dichloromethane solution (ca. 1 mM) of 3

with excess cyclohexane. In such a high concentration of the dichloromethane solution, all the zinc chlorins 3
nartly colf_agaragated tn aive cauvaral cmall Alignmare: tuniscally 1T A mM Adichlaramathana cnliitinn Anf 2ADR e
AR L1 oW 11T, l\;&alvu W AVS OO V14 DIIIGRER UIIE,UI!I\.«I Oy l'y Pl\tull v STALUVEI UIVIHVI VIHIRCUEALIV DULULIULL VL JJUERN

3dS had a new 699-nm absorption peak or 684-nm shoulder, respectively. The presence of these different
aggregative species in the initial concentrated soiution before diiution might iead to a different oiigomerization in
each 3i-epimer, although this was ruled out by the following cxperiments. Addition of 0.5% (v/v) THF to the
concentrated dichloromethane solution of 3 changed the visible spectra to completely monomeric sharp ones.
Dilution of such a mixed solution including an exclusively monomer species with cyclohexane gave almost the
same spectra as shown in Fig. 3. The results supported that oligomerization processes of each epimer 3R/S in
non-polar organic solvents were different as were the oligomerization products, which led to the different visible

spectra in oligomeric 3R/S. In all the oligomers of 3, the local structure is the same and built- up mainly by 13-
C=0-H(3-CHMe)Q--Zn and 7-7 interaction of the chlorin chromophores reported so far.42.5.6  The size
and/or the orientation of each component in the oligomers is dependent on the 3!-confi gur-‘ﬁm of the monomer

and affects the supramolecular structures.

In the non-polar organic solution of unsubstituted and methylated (3!S)-epimers 3aS and 3dS,
monomeric peaks were clearly observed around the 650-nm region and 3bS and 3¢S had less pronounced
shoulders ascribable to the monomeric Qy band. Zinc fluoro- and chlorochlorins aggregated more strongly than
unsubstituted and methylated zinc chlorins. The electronic effect at the 20-substituent (vide supra) also
operated in the oligomerization. Both the Q}, peaks of oligomer in 3R and 38 were shifted in the same order,
3a <3b <3¢ = 3d as that of m

Steric bulkiness around the 20-position did not disturb the

oligomerization.

Visible and CD Spectra of Epimeric Mixtures

A species of green non-sulfur bacteria, Chloroflexus aurantiacus, has several homologues of BChl-c as
major antenna pigments in chlorosomes. The BChls-c consist of a mixture of (3!R)- and (315)-epimers (2:1);
this prompted us to examine the properties in self-aggregates of 3!-epimeric mixtures of the synthetic zinc
chlorins 3. A mixture of (31R)-3dR and (315)-3dS (R20=Me) at several ratios was dissolved in 0.5% (v/v)

THF — dichloromethane to give a dark blue solution (ca. 1 mM) of only monomeric 3d with a 660-nm
absorption peak. The solution was diluted 100-fold with cyclohexane to make a green solution {ca. 10 uM).
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Fig. 3. UV-visible spectra and the second derivatives of epimerically pure 3 in 1% (v/v)

CH,Cl, — cyclohexane. —,( 31R)—epimer 3R; ------ ,(3 lS,)—epime:r 3S.

A, 3a (R™=H); B, 3b (R*=F); C, 3¢ (R**=C1); D, 3d (R*=Me).
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Fig. 3 (continued). UV-visible spectra and the second derivatives of epimerically pure 3 in
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A, 3a (R™=H); B, 3b (R”=F); C, 3¢ (R”=Cl); D, 3d (R**=Me).
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In 0.005% (v/v) THF-1% (v/v) dichloromethane—cyclohexane, 3d self-aggregated to form oligomers absorbing
above 700-nm wavelengths while the monomeric species (Apmax=654 nm) appeared as a minor portion (see Fig.
4). As the ratio of 3dS/3dR increased, the monomer peaks enhanced concomitantly with decrease of the
oligomer peaks (Ayax=715-740 nm). The (31S)—epimer 3dS reduced the oligomerization of epimeric mixtures
of 3d as well as that of the epimerically pure sample discussed above. Moreover, the oli

o
cil &y Hial i (31193 -—--J QUOVE, ava v 5 val! gV

blue-shifted as the ratio of 3dS/3dR mcrcased The second derivatives of the visible spectra in the region of
r\y band clearly indicated that a longer wavelength absorbing 740-nm component gradually changed to a shorier
wavelength absorbing 718-nm component as the content of 3dS increased in the epimeric mixture (see Fig. 5).
The CD spectra of 3dR + 3dS in the non-polar organic solvents are shown in Fig. 6. Both epimerically
pure samples gave large CD peaks at the region of the red-shifted bands. In 3dR, a reversed S-shaped band
was observed with a minor dip at the shorter wavelengths, while the Cotton effect in 3dS gave an exclusively
similar reversed S-shape at a slightly blue-shifted region. Admixing an 3!-epimer before dilution greatly
decreased the intensity and slightly affected the shape. The order of the supramolecular structures was distorted
as the ratio of a minor epimer increased (3dR/3dS = 1/0 — 1/1 or 0/1 — 1/1). (315)-3dS as an admixing

= it~ |

enimer qffpr'fpr' f"lﬂ r“h shectra more than (21 R-3dR Itis

VpAAvL Gl OV LIG VIV BIQRL \J I JTTaRN

of 3dR and 3dS gave smaller Cotton effects although they have similar visible spectra to oligomers of
epimerically pure 3dS. These resulis indicated that supramoiecuiar structures of the oligomeric 3d were
dependent upon the 31-epimerical purity; 3dR, 3dR + 3dS and 3dS self-aggregated in the non-polar organic
solvents to form slightly different supramolecules with the same local structure (13-C=0---H(3-CHMe)O---Zn
and m-m interaction).
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Comparison of in vitro Self-aggregates of Synthetic Zinc Chlorins with in vive BChl-c
Aggregate

Natural chlorosomes isolated from Chloroflexus aurantiacus in an aqueous buffer solution has a 741-nm
peak as the red-shifted and broadened Qy absorption and large reversed S-shape CD bands at the region with a
minor negative peak at lower wavelengths (dotted lines of Fig. 7). The visible spectrum was more sharp and

v e UL g bl -1

red-shifted than that of self-aggregates of 3dR/3dS = 2/1 in the non- polar organic solvents (Amax=720 nm in

n lima AfFTsy TAN Tha 'TY cnantmim ~
L1y, 1. lllcbubpblull\)

£ ooyt
1

irn VHIU dggngdlC\ Ul
the mixture as well. Moreover, the relative intensity was 4-fold higher than that of the spontaneous aggregates.
These results indicated a difference in supramolecular structures between natural chlorosomes and the
spontaneous self-aggregates of 3dR/3dS = 2/1. The large Cotton effect in chlorosomes showed the orderly
form of the self-aggregates of (31R)- and (31S)-BChls-¢ = 2/1 in chlorosomes. Rapid and efficient energy
transfer in the chlorosomal aggregates!2 supported the regular self-assemblies. Self-aggregates of zinc (3!R)-
and (318)-bacteriopheophytins-c (= 2/1) with long chains at the ester!3 gave small CD peaks in the non-polar
organic solvents (data not shown). Substitution of the alkyl chain on the 17-propionate did not much affect the
CD intensity in the sp

ates of the enimeric mixtures Moreover., Miller and hi
€ epimernc mixtures, er and ni

VaRCRVOLD,

cn

colleagues!3 reported that aqueous aggregates of BChls-c (31R/S = 2/1) prepared by diluting a methanol
solution of chloroform/methanol extracts from Chloroflexus aurantiacus with aqueous buffer showed 8-fold
smaller Cotton effect than the intact chiorosomes. The reported suppression was consistent with the present
results.

Initially self-aggregates of 3dR and 3dS were separately prepared in the non-polar organic solvents and
then the solutions of the aggregates were mixed at a 2:1 ratio. The mixed solution after aggregation of the
epimerically pure samples gave a sharper and red-shifted visible spectrum (Apax=734 nm in the solid line of
Fig. 7A) than the solution of aggregation of the epimeric mixture. The former solution showed 13-fold larger

latter (see the solid and broken lines of Fig. 7C) Both the visible and CD spectra indicated

(=134 AURLA RS VL g F ). DU

that the mixture of 3dR aggregates/3dS aggregates = 2/1 was a better model as supramolecular structures of the
raatac 1 1 I . P T Ty Y 2 Q Y2 ] T .
chiorosomai aggregaies of (3:R)/(3!5)-BChis-¢ = 2/1 than the aggregates of 2/1. The

visible spectrum of the mixture of the separated aggregates was superimposed to the sum of ea
as well as the CD spectrum. The mixed solution after aggregation consisted of a mixture of separated
aggregates, not random self-aggregates of the epimeric mixtures accumulated by the spontaneous aggregation of
the mixtures. It can therefore be concluded that (31R)- and (315)-BChls-c self-aggregated separately to form
each oligomer in the chlorosomes. It is not necessary that the chlorosomes are completely separated into two

s, (31R)- and (315)-BChls-c self-aggregates. It is enough that each epimerically pure oligomer unit

occupying a small domain aggregates to form chlorosomal supramolecules. The presence of two components

{or states) in chlorosomes was reported by analysis of CD,lﬁasb fluorescence anisotropy,!60.¢ linear
TR B 164 a 14 na sall na mn e L el 1 L. 16h
dichroism!%9€ and time-resoived emission/absorption spectra*c-2 as well as I in€ ViISiDIC Daiius, ">

=

which might support such epimerically separated aggregates as proposed here. In natural chiorosomes, BChis-
¢ self-aggregate in the presence of other substances including lipids, quinones, carotenoids and peptides,!”?
which might control the oligomerization. In vivo self-aggregation proceeds much more slowly than the
spontaneous aggregation in the present system. Slow oligomerization of natural BChls-c (3IR/S = 2/1)

induced the regular supramolecular structures and/or the epimerically separated assemblies.
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EXPERIMENTAL

Apparatus

All of the apparatus used was the same as that described in our previous report.!®  Chemical shifts (8) of
IH-NMR spectra are expressed in parts per million relative to CHCl; (7.26 ppm) or CHD,OD (3.30 ppm) as an
internal reference.
Materials

Methyl pyropheophorbide-a (1) was prepared according to the procedures reported by Tamiaki and his
colleagues.5 Toluene and CH3CN were distilled and stored over molccular sieves 3A. THF was distilled

R aras

from CaH; before use. Flash column chromatography (FCC) was performed with silica gel (Merck, Kieselgel
60, 9385). HPLC was performed with a packed ODS column (Gelpack GL-OP100, Hitachi Chemical Co.,
6.0 ¢ x 150 mm or Cosmosil 5C1g-AR, 4.6 or 6.0 ¢ x 250 mm, Nacalai Tesque). Solvents for visible and CD
spectra were purchased from Nacalai Tesque (Grade for UV-spectroscopy).

General
All procedures must be done in the dark!

Zinc Metallation of a Chlorin. To a saturated solution of Zn(OAc)72-2H20 in MeOH (2 mL), a
solution of a metal-free chlorin 2 (0.03 mmol) in CH»Cl; (10 mL) was added and stirred at room temperature
under N2 for 2 h. Aqueous 4% NaHCO3 (15 ml.) was added to the reaction mixture, stirred for 10 min,

00) to give a pure zinc complex 3 (C

was separated by a single HPLC run (Cosmosil 5Cg-AR); a 4.6 mm

=0
=

[¢’]

=

column for analytical separation (vide

=4

supra) and a 6.0 mm¢ column for preparative separation (vide infra).

Demetallation of a Zinc Chlerin. To a solution of a zinc chlorin 3 in THF, aqueous 5% HCI was
added and stirred vigorously at room temperature under N, for 1.5 h. The reaction mixture was poured into
ice-water, extracted with CH>Cl,. The organic phase was washed with aq. 4% NaHCO3 and H,O, dried over
NapSQy4, evaporated and the residue was purified by FCC (2-5% ether / CH,Cl») and recrystallization from

esponding metal-free chlorin 2.

Methyl Bacteriopheopherbide-d (2a)

The synthetic procedures reported by Smith and h

y is colleagues8 were slightly modified as follows.
Methyl p ropheophorblde -a (1, 106 mg, 0.19 mmol) was di ssolved in 30% hydrogen bromide in acetic acid
T .- 1y Ty
1

t 110 °C under Nz for I h.

CHCl3, washed with H,O three times, and dried over NaSOy4. After evaporation, the residue was dissolved
in MeOH (50 mL.) and to the solution was dropwise added conc. H2SO4 (5 mL) at 0 °C under Np. After I-h
stirring at room temperature, the solution was poured into ice-water, extracted with CHCI3 and washed with
H>O three times, and dried over NaSQOy4.  After evaporation, the residue was purified by FCC (0.2-0.4%
MeOH / CH»Cl») and recrystallization from CH,Cl, / hexane to give 31-epimeric mixture of 2a (94.2 mg, 86%
yield, (31R) / (31S) = 1/ 1); black solids; mp 233-236 °C (lit,8 245-247 °C); VIS (CH2Cl2) Amax = 659 (relative
intensity, 0.43), 604 (0.07), 535 (0.09), 504 (0.09), 409 (1.00), 396 (0.79), 375 (0.56) nm; IH-NMR
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(CDCIl3) & (R/S) = 9.67/69 (1H, s, 5-H), 9.49 (1H, s, 10-H), 8.515/507 (1H, s, 20-H), 6.44/42 (1H, q. J=7
Hz, 3-CH), 5.25/24, 5.085/079 (each 1H, d, /=20 Hz, 131-CHj), 4.47 (1H, dq, J=2, 7 Hz, 18-H), 4.27 (1H,
dt, J=8, 2 Hz, 17-H), 3.70 (2H, q, /=8 Hz, 8-CH;), 3.65 (3H, s, 12-CH3), 3.608/614 (3H, s, 172-CO>CH3),
3.42/41 (3H, s, 2-CH3), 3.25 (3H, s, 7-CH3), 2.45-2.75, 2.20-2.35 (each 2H, m, 17- CH;CHy), 2.15 (3H,
d, J=7 Hz, 31-CH3), 1.80/78 (3H, d, /=7 Hz, 18- CHj3), 1.69 (3H, t, J=7 Hz, 81-CH3), 0.35 (1H, br, NH),
-1.80 (1H, s, NH). MS (FAB) found: m/z 566. Calcd for Cagl

Methyl 20-Fluorebacteriopheophorbide-d (2b)
To a solution of methyl bacteriopheophorbide-d (2a, 45 mg, 0.079 mmol) in a mini

CH3CN (5 mL) was added and stirred vigorously at 50 °C under N> for 1.5 h.6 The reaction mixture was
washed with aq. 2% HCI, aq. 4% NaHCO3 and aq. saturated NaCl and dried over NapS0Oy4. After
evaporation, the residue was purified by FCC (2-5% ether / CH»Cly) and recrystallization from CH,Clj /
hexane to give the fluorinated chlorin 2b (5.1 mg, 11% yield, (3!R) / (31S) = 1/ 1); black solids; mp 125-130
°C; VIS (CHClp) Amax = 664.5 (0.37), 606 (0.05), 542.5 (0.09), 510.5 (0.09), 409.5 nm (1.00); ITH-NMR
(CDC13) & (R/S) = 10.03/04 (1H, s, 5-H), 9.60 (1H, s, 10-H), 6.52/51 (1H, q, J=7 Hz, 3-CH), 5.32/31,
5.22/21 (each 1H, d, J=20 Hz, 131-CHy), 4.77/76 (1H, q, J=7 Hz, 18-H), 4.30-4.38 (1H, m, 17-H), 3.73

(2H, q, J=7 Hz, 8-CHy), 3.72 (3H, s, 12-CH3), 3.59/60 (3H, s, 172-CO2CH3), 3.55/56 (3H, d, Jyp=4 Hz,

2-CH1). 3.32 (3H, s. 7-CH»). 2.51 -2.75, 2.10-2.36 (each 2H, m, |7-CH,CH»), 2.20/19 (3H,  d, J=7 Hz 31
A NARBRTJy eS e \R Ry Ty d/s IR B N L AT L.OU \Wivar L 1y 2 ER B WANT R VT -ZY AV I D AR PV 5 § PUR Y I LR § ¥ AP 4
CHALY 1776179 (AU ¢ J—T7 > Q1 CLILY 17870 (211 4 J_7 - 1Q MLI_ Y A QQ/00 11X . NUIIO\ wnQ
SRS, L SONT L \IXL, 4 =T XL, 0T3S 17071V 0N, U, J=7 T1L, 10-LI13), ~£.00/07 {151, », INIL J. VRO
/WA M\ £ A Py S -~ e ¥-g £ 1 3L Ty AT M T R ET YL s ¥4
{(FAD) touna: m/z 385. Caicd 1or CigH3giNgO4P: MHT, 58
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1
NaCiO; (1.5 mg, 3 mol) in HyO (10 mL) was added, followed by a drop of conc. HCI and the mixture solution
was stirred vigorously at room temperature under N7 for 50 min.® The reaction mixture was poured into aq.
4% NaHCO3, extracted with CH>Cls, washed with H2O twice and dried over NaaSQ4. After evaporation, the
residue was purified by FCC (2-3% ether / CH,Cl>,) and recrystallization from CH2Cl3 / hexane to give the
chlorinated chlorin 2¢ (4.8 mg, 45% yield, (31R) / (318) = 1/ 1); black solids; mp 130-135 °C; VIS (CH2Cly)
Amax = 671.5 (0.48), 613.5 (0. ()6) 548.5 (0.13), 516 (0.08), 412.5 nm (1.00); TH-NMR (CDCl3) & (R/S) =

10.02/07 (1H, s, 5-H), QA?/’%Q{IH, s, 10-H), 6.48/44 (1H J=7 Hz, 3-CH), 5.11, 5.02 (each 1H, d, /=2

=3
H~ I’kl CH»Y 477774 (1H, g, J=7 H 18-HY 4.05-4723

7
llb il Y I § i s 1=r lll o -1 ) ¥ L7111 APy
L7 AN Y ’ Iy v T

b

2

3.63 (3H, s, 12-CH3), 3.60/59 (3H, s, 172-C0O,CH3), 3.59/58 (3H, s, 2-CH3), 3.28/27 (3H, s, 7-CH3),
2.55-2.67, 2.20-2.45 (each 2H, m, 17-CH,CHp>), 2.14/16 (3H, d, J=7 Hz, 3!-CH3), 1.68 (3H, t, J=7 Hz, 8!-
CHj3), 1.57/51 (3H, d, J=7 Hz, 18-CHy), -2.12 (IH, s, NHi%). MS (FAB) found: m/z 600. Calcd

C34H37N40435C1: M+, 600.
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Methyl Bacteriopheophorbide-c¢ (2d)

After complete cultivation of Chloroflexus aurantiacus J-10-f1,20 the cultured solution (10 L) was
centrifuged to give green bacteria by decantation. MeOH (200 mL) was added to the green bacteria (ca. 22 g)
and the suspension was vigorously stirred for 1 h under Ar. After filtration, the residue was repeatedly
extracted with MeOH / petroleum ether = 1/ | (200 mL), until the filtrate was colorless (three times at least).
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1% (v/v) conc. HCl - brine (20 mL) was added to each filtrate and the organic phase was separated. The
aqueous phase was re-extracted with several portions of diethyl ether / petroleum ether = | / 1 and the combined
organic phases were washed with H2O, and dried over NapSQy4. After evaporation, the residue was suspended
in MeOH (100 mL), to which was added ice-chilled 20% (v/v) conc. H2SO4 — MeOH (100 mL) at O °C under
No. Afier 1-h stirring, the solution was poured into ice-water, extracted with CH>Cl,, washed with H,0

Z

everal times, and dried over NﬂaQ()A After evaporation, the residue was rPnremmhted from CH,Cl; / hexane

3y Q20 RIS N St LEL S L} il LAl

Cﬂ

and washed with excess hexane to remove most orange carotenoids. The solids were punﬁed by FCC to give
e Pl e cocn S, L i [ S - ~ o ormalas sad foo NA_MNIY /
U[J mut,-u as a paiC 1Cu e (¢)1] \l /‘0 1v1c,un /

“arotenoids as an orange fraction \Ll’lZle thyl bacterio ;
CH,Ciy) and subsequentiy a major reddish biack eiution (2% MeOH / CH,Ciy). The main fraction was
evaporated and recrystallized from CH;Cl; / hexane to give the desired 2d3.8.21 (103 mg, (31R)/ (318)=2/1);
black solids; mp 94-96 °C; VIS (CH2Cl2) Aqax = 670 (0.44), 612 (0.09), 551 (0.15), 520 (0.12), 482 (0.05),
414 (1.00) nm; H-NMR (CDCl3) & (R/S) = 9.90/92 (1H, s, 5-H), 9.45 (1H, s, 10-H), 6.50/48 (1H, q, J=7
Hz, 3-CH), 5.21/19 (2H, s, 131-CH), 4.57 (1H, q, J=7 Hz, 18-H), 4.16 (1H, dd, J=3, 8 Hz, 17-H), 3.87
, 12- CH';) 3.58/59 (3H, s, 172-CO,CH3), 3.49
3.28 (3H, s, 7-CHjy), 2.45-2.60, 2.1

% 1, 2y .11
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C34H36N4()4°"Zn. M*, 628.

Zinc Methyl 31R-Bacteriopheophorbide-d (3aR). Retention time was 68 min (6 mm¢ Cosmosil,
MeOH / Hy0 =3/ 1, 1.0 mL / min); dark green solids; VIS (CH2Cl2) Amax = 648 (0.66), 602.5 (0.11), 556.5
(0.06), 512.5 (0.05), 422 nm (1.00); !H-NMR (CD30D) 8 = 9.49, 9.43, 8.36 (each 1H, s, 5-, 10-, 20-H),
6.28 (1H, q, J=7 Hz, 3-CH), 5.12, 4.99 (each 1H, d, J=20 Hz, 131-CH3), 4.43 (1H, q, J=7 Hz, 18-H),
4.14-4.24 (1H, m, 17-H), 3.70 (2H, q, J=7 Hz, 8-CHy), 3.52, 3.30, 3.29, 3.21 (each 3H, s, 172-CO,CH3,
2-, 7-, 12-CH3), 2.53-2.67, 2.18-2.41 (each 2H, m, 17-CH,CH3»), 2.08 (3H, d, J=7 Hz, 31-CH3), 1.77 (3H,
d, J=7 Hz, 18-CH3), 1.68 (3H, t, J=7 Hz, 81-CH3). MS (CI) found: m/z 629. Calcd for C34H37N404%4Zn:
MH, 629.

Zinc Methyl 31S-Bacteriopheophorbide-d (3aS). Retention time was 74 min (6 mm¢ Cosmosil,
MeOH / HO = 3/ 1, 1.0 mL / min); dark green solids; VIS (CH2Cl72) Amax = 648 (0.68), 602 (0.10), 556
(0.05), 513 (0.04), 422 nm (1.00); 'H-NMR (CD30D) & = 9.49, 9.42, 8.36 (each 1H, s, 5-, 10-, 20-H), 6.27
(1H, q, J=7 Hz, 3- on) 5.12, 4.98 (each 1H, d, J=20 Hz, 131-CHy), 4.43 (1H, q, J=7 Hz, 18-H), 4.13-4.23

J=7 Hz, 8-CH»), 3.54, 3.31, 3.28, 3.21 (each 3H, s, 172-CO,CH3, 2-, 7-, 12-

£0; J.&1 (L4l

(‘l
CH3), 2.52-2.68, 2 42 (each 2H, m, 17-CH»CHjy), 2.08 (3H, d, J=7 Hz, 3!-CH3), 1.76 (3H, d, J=7
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Hz, 18-CHj3), 1.67 (3H, t, J=7 Hz, 81-CH3). MS (CI) found: m/z 629. Calcd for C34H37N404%4Zn: MH*,
629.

Zinc Methyl 20-Fluorobacteriopheophorbide-d (31R/315=1/1) (3b). Retention time was 5.8
min (Gelpack, MeOH, 1.5 mL / min); dark green solids; mp > 300 °C; VIS (CH2Cl2) Apax = 651.5 (0.50), 606
(0.08), 567 (0.05), 522.5 (0.03), 422 nm (1.00); 'H-NMR (CD30D) 8 = 9.89, 9.63 (each 1H, s, 5-, 10-H),
6.36 (1H, q, J=7 Hz, 3-CH), 5.25, 5.16 (1H, d, J=20 Hz, 131-CH»), 4.75 (1H, q, /=7 Hz, 18-H), 4.28-4.37
(each 1H, m, 17-H), 3.81 (2H, q, J=7 Hz, 8-CH>), 3.64, 3.51/49, 3.31 (each 3H, s, 172-COCH3, 7-, 12-
CH3), 3.400/3.395 (3H, d, Jyr=5 Hz, 2-CH3), 2.51-2.71, 2.19-2.39 (each 2H, m, 17-CH2CH>), 2.13 (3H,
d, /=7 Hz, 31-CH»), 1.74 (3H, d, /=7 Hz, 18-CH3), 1.75/73 (3H, t, J=7 Hz, 81-CH3). MS (FAB) found: m/z
646. Calcd for C3aH3sN4O4F%4Zn: M+, 646.

oSt ToJt TR

Zinc Methyl 31R-20-Fluorobacteriopheophorbide-d (3bR). Retention time was 55 min (6 mmé
Cosmosil MeOH/H-O0=3/1.12mL / min): dark ereen solids: VIS (CHACls) Ao = 651 5 (049 606
LOSINUS, VAL T 2N 2 i, 1.4 1/, Galk giClhl SOLUS L3 A2 ) Amax LI .2 (V.eF ), DU
(OORY SKT 85 (N Y SO0 490 nm (1 00 TH.NMR (CD-OM & = 0 RQ Q 672 (ear 1H ¢ 5. 10K
\\I.\IU}, AT K LT \U-U\l}’ T dost dne \\I.Uh}’ Vdhwdks 15511 \‘.UUI, ALT1VNiIVREN \\/U_)\Iu} v PATAS AN \\.u\.ll Lidly Iy 77y AV lll,
AUC AV ~ 1T L2 2 LI S04 K08 T A 70 - 1721 | §] TT (T A =7 > 1Q LIN A YT AR
O.50 \ix, §, v=7 01Z, Sy, J.25, Jaaod win, G, v=2vU 11, 10 i1 i, {, v=7 11z, 16-11), 72753

3 AN LT 1 T ¥ TTI_ Y\ N E3 NN N 190N VPR ~ 177 AT _MNIT_ v N 112 7217 1 1_"7 I- 2
3.4U (OH, q, J Hj), 2.53-2.70, 2.18-2 {€acn 20, m, 17-CH2CH?2), 2.13 (3N, Q, J=/ nz, 3°-
Fal 8 1 1 ™ s ATY 1 r -~ TY 10 MYY N B £s DEY ~ TIT n| YT AY . £ TrxATW O£ I, Vs £ AL V. D W T W
CHa3), 1.75 (3H, d, /=7 Hz, 18-CH3y), 1.73 (3H, t, /=7 Hz, 8:-CH3). MS (FAB) found: m/z 646. Calcd for
i~ - ~—a A

C34H35N404F%Zn: M+, 646.

Zinc Methyl 315-20-Fluorobacteriopheophorbide-d (3bS). Retention time was 68 min (6 mm¢
Cosmosil, MeOH / HyO =3/ 1, 1.2 mL / min); dark green solids; VIS (CH2Clp) Amax = 651.5 (0.52), 605
(0.09), 567 (0.05), 524 (0.03), 422 nm (1.00); IH-NMR (CD30D) & = 9.89, 9.62 (each 1H, s, 5-, 10-H),
6.36 (1H, q, J=7 Hz, 3-CH), 5.24, 5.15 (each 1H, d, J=20 Hz, 131-CH3), 4.78 (1H, g, J=7 Hz, 18-H),
4.28-4.35 (1H, m, 17-H), 3.80 (2H, g, /=7 Hz, 8-CHpy), 3.63, 3.51, 3.31 (each 3H, s, 172-CO,CH3, 7-, 12-
CH3), 3.39 (3H, d, Jyp=5 Hz, 2-CH3), 2.52-2.71, 2.20-2.37 (each 2H, m, 17-CH,;CH»), 2.13 (3H, d, J=7
Hz, 31-CH3), 1.74 (3H, d, J=7 Hz, 18-CH3), 1.72 (3H, t, J=7 Hz, 81-CH3). MS (FAB) found: m/z 646.
Calcd for C34H35N404F4Zn: M+, 646.

Methyl 31R-20-Fluorobacteriopheophorbide-d (2bR). Black solids; VIS (CH2Cl2) Apax = 664
(0.39), 605 (0.07), 542 (0.11), 510.5 (0.10), 409.5 nm (1.00); IH-NMR (CDCl3) 6 = 10.03 (1H, s, 5-H),
9.60 (1H, s, 10-H), 6.52 (1H, q, J=7 Hz, 3-CH), 5.32, 5.22 (each 1H, d, J=20 Hz, 131-CH»), 4.77 (1H, q,
J=7 Hz, 18—H) 4.30-4.38 (1H, m, 17-H), 3.73 (2H, q, /=7 Hz, 8-CH3), 3.72 (3H, s, 12-CH3), 3.59 (3H, s,
), 3.55 (3H, d, Jyr=4 Hz, 2-CH3), 3.32 (3H, s, 7-CH3), 2.51-2.75, 2.10-2.36 (each 2H, m,
20 (3H, d, J=7 Hz, 31-CH»), 1.76 (3H, t, J=7 H_ 81-CH»), 1.75 (3H, d, J=7 Hz, 18-CHa3),
9). MS (FAR) found: m/z 58‘* Caled for C34H3gN4O4F: MH*, 585.

x ] ivk ais ;) U e e RRAVE IV R 54225

ch Methyl 20-Chlorobacterlopheophorblde-d (3‘1(/3 =i /1) (3c). Retention time was 6.7
min (Gelpack, MeOH, 1.5 mL / min); dark green solids; mp > 300 °C; VIS (CH2Clp) Amax = 657.5 (0.58), 613
(0.10), 573 (0.05), 425 nm (1.00); TH-NMR (CD30D)22 § = 9.92/90, 9.57 (each 1H, s, 5-, 10-H), 6.33 (1H,
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q, J=7 Hz, 3-CH), 5.14, 5.08 (each 1H, d, J=20 Hz, 13!-CHj), 4.15-4.19 (1H, m, 17-H), 3.77 (2H, q, /=8
Hz, 8-CHj), 3.59, 3.49/48, 3.46, 3.26 (each 3H, s, 172-CO,CH3, 2-, 7-, 12-CH3), 2.39-2.62, 2.22-2.31
(each 2H, m, 17-CH2CHy), 2.12/09 (3H, d, J=7 Hz, 31-CH3), 1.71 (3H, t, J=8 Hz, 8!-CHj3), 1.62/60 (3H,
d, J=6 Hz, 18-CH3). MS (FAB) found: m/z 662. Calcd for C34H35N40435C164Zn: M+, 662.

Zinc Methyl 31R-20-Chlorobacteriopheophorbide-d (3cR). Retention time was 45 min (6 mm¢
Cosmosil, MeOH / HyO =4/ 1, 1.2 mL / min); dark green solids; VIS (CH7Cl3) Amax = 657 (0.57), 611.5
(0.10), 572.5 (0.07), 425 nm (1.00); TH-NMR (CD30D)22 § = 9.90, 9.57 (each 1H, s, 5-, 10-H), 6.33 (1H,
q, J=7 Hz, 3-CH), 5.14, 5.08 (each 1H, d, /=20 Hz, 13!-CH>), 4.15-4.19 (1H, m, 17-H), 3.77 (2H, q, /=8
Hz, 8-CH3), 3.59, 3.49, 3.46, 3.26 (each 3H, s, 172-C02CH3, 2-,7-, 12-CHa), 2.39-2.62, 2.22-2 31 (each
2H, m, 17-CH;CH3), 2.12 (3H, d, J=7 Hz, 31-CH3), 1.71 (3H, t, J=8 Hz, 8!-CH3), 1.62 (3H, d, J=6 Hz,

18-CH3). MS (FAB) found: m/z 662. Calcd for C34H35N40435CI04Zn: M+, 662.

Zinc Methyl 315-20-Chlorebacteriepheophorbide-d (3¢S). Retention time was 53 min (6 mm¢
Cogmneil MaOH /HADd =4/ 1 12 ml / min) darlr oreen enlide: VIS (CHAC1A) - AR8A 5 (INKR]Y A1
M ATOARITTERy AVENNSI R T RRJNT T T 1y 1k HRLLL O RIMAL), QLD sl\/\/ll SULIMD, ¥V L (AL 1)) AviNgxX — VJIULD \(VWJaJ s UL L
(0.09), 571 (0.07), 425 nm (1.00); 'H-NMR (CD30D)?22 § = 9.92, 9.57 (each 1H, s, 5-, 10-H), 6.33 (1H, q
T__"7 1Ld. 2 MLIN £ 1A £ NO (anb 11T 3 F_N LI 121 /MIT. N A1 A 1O F10T - 17 11\ 2777 (LY y__Q
J=1 1L, d-LI1), J2.14, J.U0 (Lalll in, u, J=2v ris, 1o°-vri), 4.10-4.17 \1n, 1, 1/-1r1), 23./7 (a1, {4, J=0
Ty __ [e Y ol 5 SN Lo BN 4] T AD N AL 3y MNL L NYTTY I"l” raravYwali | ~ ~ 17 MIT N\ ~ N Ia Mo Yo B NS B | s 1.

-CI12), 3.0¥, 3.48, 3.40, 3.L0 (€dCn >, §, 1/~-CUpL 3, 4-, /-, 14-UI3), £.3Y 4.44-£.01 (€achn

18-CH3). MS (FAB) found: m/z 662. Caicd for L34H35N4U435Ll°"£.n M+, bb2

Methyl 31R-20-Chlorobacteriopheophorbide-d (2cR). Black solids; VIS (CH3Cl2) Amax =
671.5 (0.45), 613 (0.06), 548.5 (0.11), 516 (0.07), 412.5 nm (1.00); IH-NMR (CDCl3) 8 = 10.02 (I1H, s, 5-
H), 9.42 (1H, s, 10-H), 6.48 (1H, q, J=7 Hz, 3-CH), 5.11, 5.02 (each 1H, d, J=20 Hz, 131-CH3), 4.77 (1H,
q, /=7 Hz, 18-H), 4.05-4.23 (1H, m, 17-H), 3.69 (2H, q, J=7 Hz, 8-CH3), 3.63 (3H, s, 12-CH3), 3.60 (3H,
s, 172-C0O7CH3), 3.59 (3H, s, 2-CH3), 3.28 (3H, s, 7-CH3), 2.55-2.67, 2.20-2.45 (each 2H, m, 17-
CH,CH>), 2.14 (3H, d, J=7 Hz, 31-CHj3), 1.68 (3H, t, J=7 Hz, 81-CH3), 1.57 (3H, d, J=7 Hz, 18-CH3),
-2.12 (1H, s, NH1%). MS (FAB) found: m/z 600. Calcd for C34H37N40435Cl: M+, 600.

Methyl 315-20-Chlorobacteriopheophorbide-d (2¢S). Black solids; VIS (CHCl2) Apax =
671.5 (0.45), 612 (0.05), 548 (0.11), 516.5 (0.07), 412 nm (1.00); 'H-NMR (CDCl3) 8 = 10.07 (1H, s, 5-
H), 9.39 (1H, s, 10-H), 6.44 (1H, q, J=7 Hz, 3-CH), 5.11, 5.02 (each 1H, d, J=20 Hz, 131-CH>), 4.74 (1H,

q, /=7 Hz, 18-H), 4.05-4.23 (1H, m, 17-H), 3.69 (2H, q, J=7 Hz, 8-CH>)., 3.63 (3H, s, 12-CH3), 3.59 (3H,
, 172-C0O,CH3), 3.58 (3H, s, 2-CH3), 3.27 (3H, s, 7-CHz), 2.55-2.67, 2.20-2.45 (each 2H, m, 17-

SFA RS % )

CH,CH»), 2.16 (3H, d, J=7 Hz, 31-CH3), 1.68 (3H, t, J=7 Hz, 8!-CHa), 1.51 (3H, d, /=7 Hz, 18-CHa3),

L L/

-2.12 (1H, s, NH!9). MS (FAB) found: m/z 600. Calcd for C34H37N40435Cl: M+, 600.

Zinc “et..y! Bacteriopheophorbide-c (31R/315=2/1) (3d). Retention time was 6.0 min
(Clalnacrk MaOH 1 8§ mlI / min) darlk oreen enlide- mn > 20 °C JIQ (CHACIY 2 .... = 65R (061 612
ulipack, Milun, 1.0 [ 7 My, Gark grédn sGiGs, Mp > vV L, Vid (Lina2ha2) Amax 28 (V.O1), Cla
(0.10), 574 (0.06), 427 nm (1.00); 1H-NMR (CD30D) & (R/S) = 9.73/71, 9.42 (each IH, s, 5-, 10-H), 6.32
(1H, q, /=7 Hz, 3-CH), 5.06, 5.03 (each 1H, d, /=20 Hz, 131-CHy), 4.53 (1H, g, /=7 Hz, 18-H), 4.03 (1H,
11 ¥ A O YT 1™ Y¥Y\ N T4 AYY LY iYW al i N e 7aW s ) 8 1 -~ I_O 1. O MIT_ N LN Y ALIATT Y XD DI NN (b
ad, J=3, 8 1z, 1/-1n), 3./74 (30, §, ZU-UH3), 3./U (40, (, J=0 INZ, 6-LI1)2), 3.03, 3.40/4/, 3.23, 3.3 (Lalil
3H, s, 172-CO,CH3, 2-, 7-, 12-CH3), 2.42-2.59, 2.24-2.35, 1.98-2.22 (iH+1H+2H, m, 17-CH,CH2)
2.07/09 (3H, d, J=7 Hz, 31-CH3), 1.68 (3H, t, J=8 Hz, 8!-CH3), 1.44/43 (3H, d, /=7 Hz, 18-CHz3). MS

(FAB) found: m/z 642. Calcd for C35H3gN4O4%4Zn: M+, 642.

Zinc Methyl 31R-Bacteriopheophorbide-c (3dR). Retention time was 24 min (6 mm¢ Cosmosil,
MeOH / HyO =4/ 1, 1.5 mL / min); dark green solids; VIS (CH2Cl7) Apax = 658 (0.63), 612 (0.10), 574
(0.06), 427 nm (1.00); 'H-NMR (CD30OD) & = 9.67, 9.45 (each 1H, s, 5-, 10-H), 6.31 (1H, q, J=7 Hz, 3-



CH), 5.14, 5.11 (each 1H, d, J=20 Hz, 131-CH>), 4.53 (1H, q, /=7 Hz, 18-H), 4.05 (1H, m, 17-H), 3.77
(3H, s, 20-CH3), 3.71 (2H, q, /=8 Hz, 8-CH»), 3.60, 3.48, 3.33, 3.23 (cach 3H, s, 172-CO»CH3, 2-, 7-,
12-CH3), 2.33-2.54, 2.09-2.22 (each 2H, m, 17-CH,CH>), 2.06 (3H, d, J=7 Hz, 31-CH3), 1.67 3H, t, J=8
Hz, 81-CH3), 1.50 (3H, d, J=7 Hz, 18-CH3). MS (FAB) found: m/z 642. Calcd for C35H38N4045%Zn: M+,
642.

Zinc Methyl 31S-Bacteriopheophorbide-c (3dS). Retention time was 27 min (6 mm¢ Cosmosil,
MeOH / H2O =4/ 1, 1.5 mL / min); dark green solids; VIS (CH2Cl2) Amax = 658 (0.61), 612 (0.10), 575
(0.04), 426 nm (1.00); TH-NMR (CD3;0D) & = 9.66, 9.43 (each 1H, s, 5-, 10-H), 6.30 (1H, q, /=7 Hz, 3-
CH), 5.13, 5.10 (each 1H, d, J=20 Hz, 13!1-CH3), 4.50 (1H, q, /=7 Hz, 18-H), 4.03 (1H, m, 17-H), 3.75
(3H, s, 20-CH3), 3.66 (2H, q, J=8 Hz, 8-CHj), 3.59, 3.47, 3.31, 3.21 (each 3H, s, 172-CO,CH3, 2-, 7-,
12-CHjy), 2.37-2.55, 2.10-2.27 (each 2H, m, 17-CHCH3), 2.07 (3H, d, J=7 Hz, 31-CH3), 1.64 (3H, t, J=8
Hz, 81-CH3), 1.44 (3H, d, J=7 Hz, 18-CH3). MS (FAB) found: m/z 642. Calcd for C35H3gN40454Zn: M+,
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