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Reported here are the novel free porphyrins corallistin B, C, D, and E, isolated as methyl esters 2a, 3a, da, and 
5a, respectively, from the sponge Corallistes sp. (Lithistida) collected at the basis of the south New Caledonian 
coral reef. A protocol is also established for formylation of their Ni" complexes, which show a different reactivity 
pattern toward DMF/POCI, from metal complexes of deuteroporphyrins. Together with corallistin A, previously 
isolated as the methyl ester la, and the known deuteroporphyrin IX (isolated as 6a) also present in the sponge, the 
new corallistins, which may be thought to derive from protoporphyrin viu heme, account for an amazing 60% of 
the EtOH extract from the sponge. 

1. Introduction. -Free porphyrins are known from geological sources such as oil shale 
[l] and coal [2] and have, therefore, been called geoporphyrins. They are thought to have 
taken origin from chlorophylls [3], which is particularly evident when a five-, six-, or 
seven-membered carbocycle is annelated to the tetrapyrrole unit [ 11 [3]. 

In the living world, 'false' free porphyrins have been known for a long time such as 
uroporphyrin I and coproporphyrin I, which co-occur with coproporphyrin III and 
protoporphyrin IX in various living invertebrates [4]. Moreover, an unspecified proto- 
porphyrin was extracted from deep-sea medusae of the classes Schyphozoa and Hydro- 
zoa, which also contain other, unidentified porphyrins [5]. 

More recently, also free chlorins of unusual structure were isolated from marine 
invertebrates. This is the case of bonellin from the Enteropneusta marine worm Boriellia 
uiridis, where it induces larvae to develop into male worms [6], tunichlorin from the 
ascidian Trididemnuìn soliduin [7], 13', 1 73-cyclopheophorbide enol from the sponge Dar- 
winella oxeata (Dendroceratida) [8], and both chlorophyllone A [gal and chlorophyllonic 
acid A methyl ester [9b] from the short-necked clam, Ruditapes philippinarum. Having 
chlorin structure, these compounds in invertebrates are considered to be of dietary origin. 

The first unusual free porphyrin found in a living organism is corallistin A, present in 
huge amounts in the demosponge Corallistes sp. (Lithistida), from which it was isolated 
as methyl ester l a  [lo]. Its structure, derived from NMR and mass spectra [lo], was 
confirmed by total synthesis [ll]. 

Interest in corallistin A stems from its mysterious role at such high concentrations in a 
marine sponge which lives in low-light conditions at the basis of the south New Caledo- 
nian coral reef, and from its potential interest for tumor phototherapy [12]. In fact, the 
potential of similar porphyrins as phototherapeutic agents was also evaluated through 
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their ability to act as photosensitizers in generating singlet oxygen [13]. This stimulated us 
to examine this sponge further, obtaining four new corallistins which accompany 
the long known deuteroporphyrin IX. The structures are fully elucidated here on the basis 
of the NMR and mass spectra of the free porphyrin methyl esters, their Zn" complexes, 
and formylation products of their Ni" complexes. 

2. Results and Discussion. - In analogy with corallistin A, isolated as methyl ester l a  
[lo], the new corallistins B, C, D, and E were isolated as methyl esters 2a, 3a, 4a, and 521, 
respectively, from the sponge Corallistes sp. (Scheme). Their 'H-NMR spectra, revealing 
ring currents from low-field resonances for the meso- protons and high-field resonances 
for the NH protons (Exper. Part), are consistent with porphyrin structures. A thorough 
'H- and I'C-NMR spectral analysis carried out on the Zn" complexes revealed, in 
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combination with MS data, that the various corallistins differ as to the substitution 
pattern at the peripheral positions. Examination of the data in Tables I and 2 and the 
Exper. Part clearly indicates that corallistin B methyl ester (2a) possesses one Et sub- 
stituent more than corallistin A methyl ester (la). Differential NOE experiments (Exper. 
Part) established that this Et substituent is at C(3) in 2a. 

Continuing the above analysis, in corallistin C methyl ester (3a), H-atoms have 
taken the place of both the C(12’) OOMe group and the Et-C(8) group of 2a. Moreover, 
corallistin D methyl ester (4a) possesses, with respect to 3a, one propanoyl chain more, 
which has replaced Et-C(17) of 3a. Finally, corallistin E methyl ester (5a) is related to 3a 
by the loss of Et-C(3) and exchange of the substituents between C(13) and C(17). 

Table 1. ’3C-NMR Data (CDC13) for the Zinc(I1) Coinplexes of the Methyl Esters Zb, 3b, 4b, 5b, and 6b 
of Corallistin B-E and Deuterouorphvriii IX, Resuectivelv 

2b 3b 4b 5b 6b 

147.56 (s) 
135.01 (s) 
142.04 (s) 
146.69 (s) 
96.27 ( d )  

147.92 (s) 
134.90 (s) 
142.54 (s) 
146.27 (s) 
97.02 ( d )  

145.06 (s)  
131.42 (s) 
139.56 (s) 
144.68 (s) 
96.75 (d)  

146.05 (s) 
142.33 (s) 
134.90 (s) 
147.76 (s) 
96.37 ( d )  
11 .O3 (4) 
19.31 ( t )  
17.55 (4)  
11.31 (4) 
19.59 ( t )  
17.70 ( 4 )  
32.49 (t) 

172.32 (s) 
52.22 (4) 
21.79 (t) 

173.81 (s) 
51.77 (q) 
19.67 ( t )  
17.70 (q) 

37.33 ( t )  

- 

147.83 (s) 
135.03 (s) 
142.39 (s) 
146.23 (s) 
95.91 ( d )  

147.66 (sj 
139.94 (s) 
128.90 ( d )  
146.90 (s) 
100.05 ( d )  
147.25 (s) 
136.48 (s) 
138.07 (s) 
146.42 (s) 
97.00 ( d )  

146.83 (s) 
142.48 (s j 
135.32 (s) 
147.83 (s) 
96.42 ( d )  
11.29 (4) 
19.56 (i)  
17.71 (4) 
13.63 (q) - 
- 
11.52 (q) - 
- 
21.83 ( t )  
37.14 (t) 

173.79 (s) 
51.73 (4) 
19.70 ( t )  
17.71 (4) 
- 

147.19 (s) 
134.74 (s) 
142.00 (sj 
145.84 (s) 
96.65 ( d )  

147.35 (s) 
139.77 (s) 
128.73 ( d )  
146.68 (s) 
99.70 ( d )  

146.99 (s) 
136.14 (s) 
137.93 (s) 
145.84 (s) 
95.38 ( d )  

145.68 (sj 
137.85 (s) 
135.96 (s) 
146.70 (s) 
96.10 ( d )  
11.12 (4 )  
19.39 (t) 
17.64 (q) 
13.53 (4) 
- 
- 
11.40 (4) 
- 
- 
21.59 (t) 
36.97 ( t )  

173.68 (s) 
51.67 (4) 
21.59 ( t )  
36.97 ( t )  

173.68 (s) 

148.62 (s) 
140.37 (s) 
129.20 ( d )  
147.47 (s) 
100.49 ( d )  
148.79 (s) 
140.79 (s) 
129.12 ( d )  
148.29 (s) 
99.60 ( d )  

149.18 (s) 
135.80 (s) 
142.98 (s) 
148.09 (s) 
95.98 ( d )  

147.55 (s) 
138.44 (s) 
136.89 (s) 
147.76 (s) 
97.24 ( d )  
13.84 (4 )  
- 
- 
13.78 (4)  - 
- 
11.40 (4)  
- 
- 
19.99 (tj 
17.96 (q) 
- 
- 
22.24 ( t )  

173.92 (sj 
37.48 (t) 

147.50 (s) 
139.89 (s) 
128.99 ( d )  
146.29 (s) 
100.37 ( d )  
147.59 (s) 
140.43 (s) 
128.85 (dj 
147.34 (s) 
99.64 ( d )  

147.92 (s) 
136.36 (s) 
138.42 (s) 
146.54 (s) 
95.60 ( d )  

146.16 (s) 
138.04 (s) 
136.60 (s) 
146.60 (s) 
96.87 ( d )  
13.48 (4) - 
- 
13.55 (4) 
- 
- 
11.50 (4) - 
- 
21.68 (t) 
36.95 ( t )  

173.69 (s) 
51.68 (4) 
21.62 ( 2 )  

36.98 (t) 
173.69 (s) 

- - 51.67 (4) 51.70 (4) 51.68 (4)  
11.23 (4) 11.38 (4) 11.36 (4) 11.40 (q) 11.38 (4) 



1492 HELVETICA CHIMICA ACTA - Vol. 76 (1993) 

Table 2. 'H-NMR Data (CDC13) for the Zinc(II) Coinplexes 2b, 3b, 4b, 5b, and6b 
of Corallistin B-E and Deuteroporpliyrin IX, Respectivelya) 

2b 3b 4b 5b 6b 

Me-C(2) 3.20 3.33 3.37 3.45 3.47 
H-C(3) - - - 8.58 8.60 
CHA3') 
Me(32) 1.64 1.71 1.73 - - 
H-C(5) 9.23 9.44 9.53 9.39 9.38 
Me-C(7) 3.40 3.60 3.62 3.58 3.58 
H-C(8) - 8.79 8.84 8.77 8.74 
CH2(8') 3.87 - 
Me(8*) 1.74 
H-C(1O) 9.42 9.49 9.56 9.49 9.42 

CH2( 12') 4.81 
MeOOC(12') 3.76 
CH2(13l) 4.19 4.21 4.21 3.89 4.15 
CH2(13') 3.15 3.13 3.11 - 3.08 

Me00C(133) 3.70 3.71 3.65 - 3.66 
H-C(15) 9.35 9.43 9.40 9.28 9.15 
CHZ(17') 3.81 3.87 4.18 4.09 4.06 

3.60 3.76 3.81 - - 

- - - 
- - - - 

Me-C(12) - 3.46 3.48 3.47 3.44 - - - - 
- - - - 

Me(13') - - - 1.76 - 

CH2(17') - - 3.14 3.04 3.02 
Me(17') 1.73 1.76 - - - 
MeOOC( 1 73) - - 3.68 3.67 3.67 

H-C(20) 9.20 9.38 9.39 9.19 9.19 
Me-C(18) 3.34 3.42 3.42 3.29 3.29 

') J Values $thin the Et and the CH2CH2COOMe groups are 7.5 and 8.0 Hz, respectively. Allylic couplings 
between Me protons and peripheral protons are 1.2 Hz. 

In view of the potential utility of new porphyrins as phototherapeutic agents, we 
thought useful to fmctionalize the nucleus of the corallistins with groups that would 
allow further elaboration. To this purpose, we took the formylation reaction into consid- 
eration. Previous formylations of porphyrins invested on the Vilsmayer reaction albeit in 
different schemes. Thus, Johnson and Oldfield carried out the formylation of Ni" com- 
plexes of etioporphyrins with DMF/POCI,, isolating only products of monoformylation 
at meso-positions [14]. Brockmann et al. used the same reagent on Cu" complexes of 
deuteroporphyrins carrying out the reactions at two different temperatures; at O" they 
obtained only monoformylation products, at either a meso- or a ß-position in about the 
same yields, whereas at SOo they obtained diformylated derivatives, which must have 
arisen oia /3-monoformylated intermediates [15]. Nicho¿ used the same reagent, too, on 
Fe"' complexes; he observed with mesoporphyrins only monoformylation at C( IO), with 
deuteroporphyrins products of both monoformylation at C( 10) and diformylation at 
C(2) and C(10), and with protoporphyrins only formylation at the vinyl substituents [16]. 
Montforts et al. exposed Cu" complexes of deuteroporphyrins to trimethyl orthoformate, 
observing only monoformylation products at C(3) or C(8) [17]. 

The above examples show that formylation may offer a general entry into new 
porphyrins functionalized at the nucleus, but that the methodology of Johnson and 
Oldfield [ 141, though most promising, is insufficiently investigated. Thus, we chose this 
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methodology E141 to carry out formylation of the Ni" complexes of the corallistin methyl 
esters. Carrying out the reactions at SO", we observed only monoformylation of the Ni" 
complex of corallistin B methyl ester (2a) either at C(20) to give 2c, or at C(10) to give 2d. 
Formylations under similar conditions of the Ni" complexes of la, 3a, and 5a proved to 
be less selective, giving also products of further formylation at peripheral positions. Thus, 
the Ni" complex of l a  underwent formylation at the most reactive position C(5) 
(-tmonoformylated IC), and at the second most reactive position C(3) (-tdiformylated 
la). With the Ni" complex of 3a, the most reactive and the second most reactive positions 
proved to be C(10) and C(8) (+3c and 3d, resp.). Finally, we found that with the Ni" 
complex of Sa, the positions C(S) and C(10) compete for monoformylation giving both 5c 
and 5e, followed by diformylation of the former at C(3) (35d) and of the latter at C(8) 
(-t5f)'. The formylated Ni" porphyrins were characterized by their 'H-NMR spectra 
(Table 3 ) .  

Our results show that in the Ni" complexes of the corallistin methyl esters, ineso-posi- 
tions are preferred to peripheral positions by the formylating reagefit. In fact, while 

, 
I Table 3. 'H-NMR Clternical SII@ (CDCl,) for the Forniylation Products lc,d, 2c,d, 3c,d, and5c-f, of the Nickel(II) 

Complexes of the Methyl Esters of Corallistin A ,  B, C, arid E, Respectively ') 

I C  Id 2c 2d 3c 3d 5c 5d 5e 5 f  

Me-C(2) 3.44 
H-C(3) 9.57 
cHd3') - 

OHC-C(3) - 
H-C(5) - 
OHC-C(5) 11.96 
Me-C(7) 3.35 
H-C(8) - 
CH'@') 3.74 
Me(8') 1.69 
OHC-C(8) - 
H-C(10) , 9.56 
OHC-C(10) - 
Me-C( 12) - 

Me(3') - 

CH'(12') 4.83 
MeOOC(12') 3.75 
CH'(13') 4.19 
cH2( 1 3') 3.15 

Me00C(133) 3.70 
Me(13') - 

H-C(15) 9.53 
CHz(17') 3.79 
CH2(17') - 
Me( 17') 1.71 
Me00C(173) - 
Me-C(18) 3.32 
H-C(20) 9.48 
OHC-C(20) - 

3.64 
- 
- 
- 

11.19 

10.39 
3.37 

3.81 
1.72 

9.62 

- 

- 

I 

- 
- 
4.89 
3.77 
4.24 
3.06 

3.72 
9.60 
3.83 

1.72 

3.34 
9.55 

- 

- 

- 

- 

3.32 

3.72 
1.68 

9.29 

3.27 

3.74 
1.68 

9.46 

- 

- 
- 

- 

- 

- 
- 
4.78 
3.74 
4.13 
3.13 

3.70 
9.36 
3.70 

1.68 

3.33 

11.98 

- 

- 
- 

- 

3.25 

3.67 
1.70 

9.22 

3.25 

3.84 
1.70 

- 

- 

- 
- 

- 
. -  

11.59 

4.79 
3.75 
4.04 
3.08 

3.70 
9.33 
3.67 

1.70 

3.25 
9.30 

- 

- 

- 

- 

- 

3.35 

3.78 
1.71 

9.52 

3.47 
9.59 

- 

- 
- 

- 
- 
- 
- 

12.01 
3.40 
- 
- 
4.10 
3.06 

3.70 
9.52 
3.80 

1.70 

3.35 
9.54 

- 

- 
- 

- 

3.27 

3.27 
1.60 

9.25 

3.50 

- 

- 
- 

- 
- 
- 

11.08 

10.15 
3.28 

- 

- 
- 
4.03 
3.04 

3.69 
9.32 
3.71 

- 

- 
i .?o 
- 
3.33 
9.35 - 

3.42 
9.51 - 
- 
- 
- 

11.96 
3.43 
8.67 
- 
- 
- 
- 
9.29 
3.28 
- 
- 
3.71 

1.70 

9.43 
4.09 
3.07 

3.68 
3;33 
9.44 

- 

- 

- 

- 

3.05 
- 
- 
- 

10.69 

9.64 
3.23 
8.40 

- 

- 
- 
- 
9.10 

3.28 
- 

- 
- 
3.72 

1.70 

9.11 
3.92 
2.98 

3.69 
2.97 
8.60 

- 

- 

- 

- 

3.39 
8.60 
- 
- 
- 
9.33 

3.38 
9.52 

- 

- 
- 
- 
- 

11.91 
3.32 - 
- 
3.71 

1.64 

9.36 
4.06 

- 
- 

3.05 
- 
3.67 
3.31, 
9.41 
- 

3.26 
8.16 
- 
- 
- 
8.66 

3.15 
9.52 

- 

- 

- 
10.82 

9.17 
3.18 

- 

- 
- 
3.64 

1.65 

9.09 
3.97 
3.02 

3.70 
3.21 
9.07 

- 

- 

- 

- 
') J Values within the Et and the CH2CHzCOOMe groups are 7.5 and 8.0 Hz, respectively. Allylic couplings 

between Me protons and peripheral protons are 1.2 Hz. 
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several products of monoformylation at meso-positions were isolated (IC, 2c, 2d, 3c, 5c, 
5e), no product was observed of monoformylation at peripheral positions. Apparently, 
the formylating agent seeks preferentially meso- positions which are not flanked by two 
alkyl- or carboxyalkyl-substituted P-pyrrolic C-atoms. When all /?-positions are substi- 
tuted, such as in 2a, formylation only occurs very sluggishly and results in poor yields. 
However, once a meso -position has undergone formylation, peripheral C-atoms can 
react (-+ld, 3d, 5d, 5f) and, interestingly, the P-position cltosest to the formylated meso- 
position is formylated, as observed with 5d and 5f. This is at variance with previous cases. 
Thus, both Bockman et al. with Cu" deuteroporphyrin complexes [15] and Nicho1 with 
FeIr1 deuteroporphyrin complexes [ 161 observed that diformylation takes place at posi- 
tions far apart from one another along the porphyrin nucleus, resulting in 3,lO- or 
3,8-diformylated products. In conclusion, our observations establish a protocol for the 
chemical functionalization of the corallistins which may be of guidance in the synthesis of 
functionalized porphyrins with a pattern of substitution different from that observed 
from other porphyrins. This may be of interest in view of devising biologically active 
porphyrins. 

We thank Prof. C. Léui, Musée National d'Histoire Naftirelle, Paris, for the sponge identification. This work 
was carried out within the collaborative program 'ORSTOM-CNRS on Marine Substances of Biological Interest'. 
The work in Trento was supported by MURST (Progetti di Interesse Nazionale) and CNR, Roma. 

Experimental Part 

1. General. See [lo]. Moreover, NOE (differential, in CDCl,) is indicated as irradiated proton(s)-t % NOE on 
the observed proton(s). 

2. Isolation of the Corallistins and Preparation of Zinc(ZI) Complexes. The sponge was collected at the basis of 
the south New Caledonian coral reef at a depth of 350 m [lo]. The residue from the treatment of the EtOH extract 
of the sponge with CH2N2 [lo] was further examined by HPLC (hexane/AcOEt/(i-Pr)NH, 93: 7:0.2), isolating 
materials at tR 9, 10.2,15.5, and ca. 18 min, which correspond to corallistin C methyl ester (3a), Emethyl ester (5a), 
B methyl ester (Za), and a mixture of the corallistin A methyl ester (la), corallistin D methyl ester 4a, and 
detiteroporphyrin ZXmethyl ester @a), respectively. Pure Za was obtained by further subjecting the above sample to 
reversed-phase HPLC (MeOH/H20 96:4, tR 16.3 min). On treatment withZn(AcO), [lo], the above samples of 2a, 
3a, and 5a gave their Zn2+ complexes 2b, 3b, and 5b which were collected by reversed-phase HPLC (MeOH/H20 
97:3, tR 13.2, 13.6, and 11.5 min, resp.). Separately, the mixture la/4a/6a was treated with Zn(AcO), [lo] to give, 
after separation by reversed-phase HPLC (MeOH/H20 92:8), the Zn2+ complexes 6b, lb, and 4b at tR  9.3, 10.5, 
and 11.5 min, resp. 

3. Formylated Nickel(ZZ) Complexes. A soln. of 5a (45 mg), 3a (32 mg), or 2a/la 9:l (52 mg) each in 20 ml of 
CHCI, was added to a soh. of 4 mol-equiv. of Ni(AcO)2.4H20 in 30 ml of ethyleneglycol. The mixtures were 
heated under reflux for 1 h, whereby 5a, 3a, and l a  were completely, and 2a, after 1 additional h, for only 80%, 
bound by Ni". Each mixture was then cooled, diluted with 3 volumes of H20, and extracted 3 times with CHC1,. 
Evaporation of the org. phase gave the Ni" porphyrin. Then, freshly distilled POCI, (1.4 ml) was added dropwise to 
dry DMF (1 ml) cooled in an ice-bath, this soh. left at r.t. for 0.5 h and then warmed on a water bath at 50°, and the 
above Ni" porphyrin dissolved in 30 ml of dried 1,2-dichloroethane added. Each mixture was stirred for 0.5 h at 
50°, then sat. aq. NaOAc soh. (40 ml) added with stirring, which was continued for further 2 ha t  50". The mixtures 
were cooled, the aq. phase extracted with CHCl,, and the combined org. phase evaporated. The residues were 
subjected to reversed-phase HPLC (MeCN) to give 5c/5e (8.5 mg), 5d/5f (4.0 mg), 3c (10 mg), 3d (17 mg), unreacted 
corallistin B methyl ester Ni" complex (15 mg), 2c (1 mg), 2d (0.5 mg), IC (2 mg), and Id (1 mg), resp. 

4. 5-Form~~lcorallistin A Methyl Ester Nic?rel(II) Complex ( = Diacetato {methyl 8,17-Diethyl-5-forniyl-12- 
[ (1netho~ycarbonyl)~ietliyl]-2,7,18-trimethylporpliyrin-13-propanoato}niclcel(ZI) ; IC). NOE: 3.32-t 11 % on 9.48; 
3.35+14% on 11.96; 3.44+12% on 9.48 and 11% on 9.57; 3.74+1% on 3.35 and 12% on 9.56; 9.56+5% on 
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4.83; 3.7947% on 9.53 and 1 % on 3.32; 4.1944% on 4.83 and 9% on 9.53; 9.4844% on 3.32 and 4% on 3.44; 
9.57+2.5% on 3.44 and 6% on 11.96; 11.96410% 0119.57 and4% on 3.35. 

5. 3,5-Diforttiylcorallistin A Methyl Ester Nickel(II) Cornplex ( = Diacetato {methyl 8,17-DietliyI-3,5-diforinyl- 
12-[(1nethoxycarbotiyl)11ietliyl]-2,7,18-trinietliylporpItyri1z-l3-propa1ioato}1iickel(II); ld). NOE: 3.3448% on 
9.55; 3.37410% on 10.39; 3.6445% on 9.55 and 3% on 11.19; 3.8141% on 3.37 and 7% on 9.62; 3.8347% on 
9.60 and 1 % on 3.34; 4.2444% on 4.89 and 7% on 9.60; 4.89412% on 9.62 and 12% on 4.24; 9.5542% on 3.34 
and 1 % on 3.64; 9.6245% on 4.89; 10.3947% on 11.19 and 4% on 3.37; 11.1941 % on 3.64 and 8 %  on 10.39. 

6. Corallistin B Methyl Ester ( = Methyl 3,8,17-Triethyl-12-[ (niethoxycarboi1yl)metliyI]-2,7,18-triinetli~~lpor- 
phyrin-13-propanoate; 2a). MS: 594 (100, M+'), 579 (12, [M - 15]+'), 521 (16). 

7. Corallistin B Methyl Ester Zinc(II) Coiiiplex ( = Diacetato (methyl 3,8,I7-Trietliyl-12-[(1netlioxycar- 
bo1iy~)t~iet~i~~~]-2,7,18-tri11ietlzy~orp~iyriti-~3-propa1ioato~zi1ic(~~); 2b). NOE: 3.20- 12 % on 3.60; 3.34+5 % on 
9.20;3.60+1% on9.23;3.40+5% on9.23and2% on3.87;3.81+3% on9.35and 1% on3.34;3.87+1% 0113.40 
and 3% on 9.42; 4.81+7% on 9.42 and 1 % on 4.19; 4.1944% on 9.35 and 2% on 4.81. 

8. 20-Forniylcorallistin B Methyl Ester Nickel(II) Coinplex ( = Diacetato (nietliyl 3,8,17-Trietliy1-20-forniyyl- 
12-[(1netlzoxycarbo11yl)nietli~~l]-2,7,18-trii11etl1yylporpltyri1i-13-propa~ioato~~iickel(II); 2c). NOE: 3.274 10% on 
9.29; 3.32-10% on 11.98; 3.33411% on 11.98; 3.7045% on 9.36; 3.72+5% on 9.29; 3.7445% on 9.46; 
4.7847% on 9.46; 4.1344% on 9.36; 9.2942% on 3.27; 9.4642% on 4.78. 

9. IO-Forniylcorallistiïi B Methyl Ester Nickel(II) Coniplex ( = Diacetato (nietliyl3,8.17-Trietliyl-10-for~1iyl- 
I2-[(i~iethoxycarbo1iyl)1~ietliy1]-2,7,18-tri1nethyylporpli~~riti-13-propaiioato~nickel(II); 2d). NOE: 3.2547% on 
9.22 and 12% on 9.30; 3.6749% on 9.22 and 7% on 9.33; 3.84410% on 11.59; 4.0449% on 9.33; 4.79+2% on 
11.59; 9.2246% on3.25; 9.30+2% on 3.25. 

10. Corallistin C Methyl Ester ( = Methyl 3,17-Dietliy1-2,7,12,18-~etranietli~~~orpliyri1i-13-propa1ioate; 3a). 
UV (CHCI3): 619 (1500), 565 (3100), 530 (5100), 497 (8400), 399 (126500). MS: 509 (100, Mi+'), 494 (16, 

11. Corallistin C Methyl Ester Zinc(II) Coniplex ( = Diacetato(tnethyl3,17-Dietliyl-2,7,12,18-tetrainetl1yylpor- 
pli~~i'iii-13-propaiioato)zi,ic(II); 3b). NOE: 3.33+4% on 9.41; 3.7641 % on 3.33 and 5% on 9.44; 3.6043% on 
9.44 and 3% on 8.79; 8.7941% on 3.60 and 3% on 9.49; 9.4945% on 8.79 and 3% on 3.46; 3.4647% on 9.49; 
4.2141% on 3.46 and 5% on 9.43; 3.87+4% on 9.43 and 1 % on 3.42; 3.4244% on 9.38. 

12. IO-Forriiylcorallistiii C Methyl Ester Nickel(II,J Complex ( = Diacefafo(methy1 3,17-Diet~iy~-lOlfor11lyl- 
2,7,12,18-tetranietliyylporpliyriii-13-propa1ioato)11ickel(II); 3c). NOE: 3.354 10% on 9.54; 3.7842% on 3.35 and 
8%on9.52;9.52+1%on3.47;3.4744%on9.52andl%on9.59;3.80~7% on9.52and2% on3.35;9.59+5% 
on 12.01; 12.0144% on9.59and l%on3.40;3.40+8%on 12.01;4.10+3% on3.40and6% on9.52;9.52+1% 
on 4.10. 

13. 8.IO-Difort1iylcorallisti11 C Methyl Ester Nickel(II) Complex ( = Diacetato(inetli~d3,17-DietIiyl-8,IO-di- 
fortnyl-2,7,12,18-tetrametliy~orphyriïi-13-propanoato)11ickel(II) ; 3d). NOE: 3.274 1 YO on 9.35; 3.28- 1 YO on 
10.15and 1% on4.03;3.33+2% on9.35;3.60+1% on3.27and2% on9.25;3.50+2% on9.25and 1% on 11.08; 
3.7745% on 9.32 and 1% on 3.33; 4.0341% on 3.28 and 4% on 9.32; 9.2541% on both 3.60 and 3.50; 
9.3243%on4.03and4%on3.77;9.3542%on3.33andl%on3.27; 10.15-t2%on11.08andl%on3.28. 

14. Corallistin D Methyl Ester ( = Dimethyl 3-Etli~~l-2,7,12.18-tetrametliyylporpliyrin-13,I 7-dipropaiioate; 4a). 

15. Corallistin D Methyl Ester Zinc( I I )  Coniplex ( = Diacetato(methy1 3-EtIiyI-2,7,12,18-tetraiiiet)iyylpor- 
pliyriii-13,17-dipropanoato)~iric(II); 4b). NOE: 3.3745% on 9.39; 3.8141 % on 3.37 and 5% on 9.53; 3.6245% 
on9.53and6% on8.84;8.84+1% on3.62and6% on9.56;9.56+7%on8.84and3%on3.48;4.21+2% 0113.48 
and 5% 0119.40; 4.1845% on 9.40 and 2% on 3.42; 3.4245% on 9.39; 9.39+2% on 3.37. 

[M - 15]"), 436 (60). 

MS: 566 (100, MC),  551 (5, [M - 15]'), 493 (36). 

16. Corallistiii E Methyl Ester (= Metliyl I3-EtliyI-2,7,12,18-tetran1etliy~orpliyriii-l7-propaiioate; 5a). W 
(CHCI,): 619 (1400), 565 (2700), 530 (4300), 497 (7800), 398 (1 18600). MS: 480 (100, M"), 465 (9, [M - Is]+), 407 
(64). 

17. Corallistin E Methyl Ester Zinc(II) Coinplex (= Diacetato(nietliy1 13-Etliyl-2,7,I2,18-tetranietlzylpor-yylpor- 
pliyriii-l7-propanoato)ziiic(II) ; 5b). NOE: 3.29+4% on 9.19; 3.4544% on both 9.19 and 8.58; 3.47+5% on 
9.49; 3.58+5% on 9.39 and 3% on 8.77; 3.8941% on 3.47 and 5% on 9.28; 4.0943% on 9.28 and 1 % on 3.29; 
9.39410% on 8.58 and 2% on 3.58; 9.4946% on 8.77 and 2% on 3.47. 
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18.5-Formylcorallistin E Methyl Ester Nickel(II) Coinplex (= Diacetato(methyl13-EtIi.v~-5-forinyl-2,7,12,18- 
tetran1etl~ylporphyrin-I7-propanoato)nickel(II) ; 5c). NOE: 3.28+7% on 9.29; 3.3345 % on 9.44; 3.42+4% on 
9.44and 7% on9.51; 3.43+8% on 11.96and 5% on8.67; 3.77-+1% on3.28 and7% on9.43;4.09+9% on9.43 
and 2% on 3.33; 8.6741% on 3.43 and 5% on 9.29; 9.29+4% on 8.67; 9.44+2% on both 3.33 and 3.40; 
9.51-+1% on 11.96; 11.96+4% 0119.51. 

19. 3,5-Diformyleorallistin E Methyl Ester Nickel(II) Complex ( = Diacetato(niethy1 13-EtliyI-3,5-d~forni.vl- 
2,7,12,18-tetra~netliylporpliyrii~-l7-propanoato)~~ickel(II) ; 5d). NOE: 2.9744% on 8.60; 3.0544% on 8.68 and 
3% on 10.69; 3.23+4% on 9.64 and 3% on 8.40; 3.28+6% on 9.10; 3.7241% on 3.28 and 4% on 9.11; 
3.92+6% on 9.11 and 1 % on 2.97; 8.4046% on 9.10; 8.60+2% on 2.97 and 1 % on 3.05; 9.10+3% on 8.40 and 
2% on 3.28; 9.64-t4% on 10.69 and 2% on 3.23; 10.69+1 YO on 3.05 and 3% on 9.64. 

20. IO-Fortnylcorallistin E Methyl Ester Nickel(II) Complex ( = Diacetato(methy1 13-Ethyl-10-formyl- 
2,7,12,18-tetraniethylporphyrin-l7-propanoato)nickel(II) ; 5e). NOE: 3.3146% on 9.41; 3.32+8% on 11.91; 
3.39-t4% on 9.41 and 4% on 8.60; 3.71+1% on 3.32 and 8% on 9.36; 4.06+8% on 9.36 and 1% on 3.31; 
8.60+1% on 3.39 and 6% on 9.33; 9.33+6% on 8.60 and 4% on 3.38; 3.38+8% on 9.33 and 6% on 9.52; 
9.36+2% on 4.06; 9 . 4 1 4 %  on both 3.31 and 3.39; 9.5244% on 11.91; 11.91+2% on 9.52 and 3% on 3.32. 

21.8,10-Diforniylcorallistin E Methyl Ester Nickel(II) Coinplex ( = Diacetato(ntethyl I3-Ethyl-8,lO-d[forinyl- 
2,7,12,18-tetraniethylporphyrir~-l7-propaiioato)niclrel(IIl; 50. NOE: 3.15+2% on 8.66 and 4% on 10.82; 
3.18-+3% on 9.77; 3.21+5% on 9.07; 3.26+2% on 8.16 and 7% on 9.07; 3.64-tlY0 on 3.18 and 5% on 9.09; 
3.97+7% on 9.09 and 1 % on 3.21; 8.16+2% on 8.66; 8.66-t3% on 8.16 and 2% on 3.15; 9.0742% on 3.21 and 
2% on 3.26; 9.7744% on 10.82 and 2% on 3.18; 10.82+1% on 3.15 and 4% on 9.77. 

22. Deuteroporphyrin IX Methyl Ester (= Dimethyl 2,7,12,18-Tetranietli.vlporpliyrin-13,I 7-dipropanaate ; 64. 

23. Deuteroporphyrin IX Methyl Ester Zinc(II) Complex (= Diacetato(methy1 2,7,12,18-Tetramethylpor- 
phyrin-13,17-dipropanoato)zinc(II) ; 6b). NOE: 3.29-t4% on 9.19; 3.44+2% on 9.42; 3.47+1% on both 9.19 and 
8.60;3.58+3%on9.38and 1% on8.74;4.06+3%on9.15and 1% on3.29;4.15+4% on9.15and 1% on3.44; 
9.1542 % on 4.06 and 4% on 4.15; 9.19+2% on 3.47 and 1 % on 3.29; 9.38-t 1 % on 3.58; 9.42-t 1 % on 3.44. 

MS: 538 (100, M*), 523 (4, [M - 15]+), 465 (42). 
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