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VINYL GROUP PROTECTION IN PORPHYRINS
AND CHLORINS: ORGANOSELENIUM DERIVATIVES
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Abstract: The o-nitrophenylselenoethyl functionality is a useful protected vinyl group in porphyrins and
chlorins, and its use is demonstrated in the Vilsmeier formylation reaction which has been shown to adversely
affect unmodified vinyl groups in tetrapyrrole systems. The X-ray crystal structure for 3-(2-o-nitro-
phenylselenoethyl)-3-devinylchlorin-e, trimethyl ester 14 is reported. © 1997, Elsevier Science Ltd. All rights reserved.

Substituent manipulations of naturally occurring tetrapyrrole derivatives such as those from heme and
chlorophyll-a produce a large number of chemically and biologically relevant compounds.’ Many of these reactions affect
the sensitive vinyl functionalities attached to the chromophore, with the result that vinyl protection is required. Vinyl
modified groups such as the chloroethyl substituent,? while useful, become problematic when alkaline deprotection from
base sensitive tetrapyrroles is attempted. For example, attempted base-catalyzed deprotection of bis(2-chloro-
ethyDbiliverdin 1 resulted in dehydrohalogenation and cyclization, to form a bridged biliverdin derivative 2.° Basic
deprotection of 3-(2-chloroethyl)-3-devinylchlorin-g, trimethyl ester derivatives also resulted in a mixture of undesired
side products,* and dehydrohalogenation of, for example, the 5-methyl-3,8-bis(2-chloroethyl)porphyrin 3 led to the
formation of the porphyrin 4 bearing a vinyl and a novel six-membered ring.> The cyclization reaction presumably
occurred by way of a mechanism similar to that proposed for the 1 — 2 transformation. In this paper we focus on vinyl-
protection during Vilsmeier meso-formylation of the macrocycle in porphyrins and chlorins; such reactions have been
shown *$ to yield acrolein derivatives if the vinyl groups are not protected.
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Organoselenium chemistry has been commonly used for conversion of alkyl halides or alcohols into olefins.™
Gossauer's group made use of selenium activation to produce vinyl-substituted bile pigments.'®"* In our laboratories, we
converted propionate side chains into acrylate substituents in porphyrin derivatives,' and Jacobi et al. recently used a
pyrrole selenide derivative to synthesize a vinyl substitued dipyrromethenone.'* We now show that the o-nitrophenyl-
selenoethyl substituent is a useful vinyl protected group in porphyrins and chlorins, and that deprotection can easily be
accomplished under mild, non-basic conditions.
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Our synthetic approach to meso-formylporphyrins 11a-d (Scheme 1) represents a typical example of the
methodology, and Scheme 2 illustrates a new route to 20-formylchlorin-e, trimethyl ester* 17. According to standard
protocols,” the vinyl groups in protoporphyrin-IX dimethyl ester 5,' were converted into the corresponding
hydroxyethyl substituents, giving 6 in 73% yield. Conversion of 6 into the selenium porphyrin 7 using o-nitrophenyl-
selenocyanate and tri(n-butyl)posphine in CH,Cl, was accomplished in 80% yield. With the vinyl groups protected for
the model Vilsmeier reaction, insertion of copper (to give 8) followed by formylation using POCI, and DMF provided the
meso-formylporphyrin isomers 9a-d in 80% yield. Demetallation with 5% H,SO,/TFA vyielded 10a-d in 70% yield.
Finally, deprotection by oxidation with 30% H,0, in THF to the selenoxide followed by elimination gave the four meso-
formylprotoporphyrin-IX dimethyl ester isomers 11a-d in 67% yield. In the similiar synthesis of chlorin 18, only one
formyl isomer is formed because of enhanced nucleophilicity at the 20 position due to the saturation at ring-D."
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Scheme 1: Synthetic route to meso-formylprotoporphyrin-IX dimethyl ester

— R10 isomers 11a-d. Reaction conditions: a: 1. TI(NO,),3H,0, MeOH/CH,Cl,, tt,

30 min. 2. SO, HCI, rt, 5 min. 3. Me,Sil, cyclohexene, CHCl,, 1t, 1 h.

4. NaBH,, MeOH/CH,Cl,, 1t, 1 h. b: o-nitrophenylselenocyanate, n-Bu,P,
CH,Cl,, 1t, 4 h. ¢z copper(Il) acetylacetonate, CHCI,, reflux, 1 h.

. R‘:‘_’zg:o o Rf:’;“::_H d: 1. DMF/POCI,, CICH,CH,C], 80°C, 15 h. 2. sat. NaHCO,, 70°C, 3 h.

11b: R cHo, RSR1SA2- € 3% H,SO/TFA, rt, 1S min. f. 30% H,0,, THF/H,0, 1t, 5 h.

11e: R'$=CHO, R&,R10 R0 = H
11d: R®=CHO, R®R" RS- H

Separation of the four isomers 11a-d using silica gel HPLC (0.5% THF/CH,C,) indicated a ratio of 5:8:14:72
respectively, and an elution order of 11a:11b:11d:11c. Regiochemistry of the three isomers 11a,¢,d was determined

by analysis of two NOE experiments, involving irradiation of the coinciding 13'-CH, and 17'-CH, signals followed by
irradiation of the formyl proton signal (Figure 1). By exclusion, the regiochemistry of 11b was deduced.
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g Scheme 2:'® Synthesis of 20-meso-formylchlorin-¢, trimethyl ester 18. Reaction
conditions: a: 1. TI(NO,),;3H,0, MeOH/CH,Cl,, t, 30 min, SO,, HCI, rt, 5
min. 2. SM HCl, THF/CHCL,, reflux, 30 min. 3. CH,N,/ether, THF, rt, 30

Me  min, 4. NaBH,, MeOH/CH,Cl,, it, 1 h. b: o-nitrophenylseleno-cyanate, n-Bu,P,

CozMe  CH,CI,, 1t ,30 min. ¢: copper(Il) acetate, MeOH/CH,Cl,, reflux, 1 h.

d: 1. DMF/POCI,, CICH,CH,C], 50°C, 1 h. 2. sat. NaHCO,, 60°C, 3 h.

e: 5% H,SO,/TFA, rt, 15 min. f. 30% H,0,, THF/H,0, 1t, 5 h.

The structure of the chlorin selenide 14 was confirmed by an X-ray crystal structure (Figure 2).'* The chlorin
:ore is essentially flat except for the pronounced twist out of the plane shown by the atoms responsible for the chlorin
unctionality. Hydrogen atoms of the central core are localized on N(1) of the pyrrole bearing the selenium substituent
ind on the opposite pyrrole nitrogen, N(3). The o-nitropheny] group bonded to Se is coplanar with the core, enabling the

nolecules to stack in a head-to-tail fashion along the crystallographic a direction.

Figure 2: X-ray crystal structure of 14.

The o-nitrophenylselenoethyl substituent is being further investigated as a vinyl protective group in a multistep
yynthesis of 5- and 10-meso-methylprotoporphyrin-IX dimethyl ester isomers, the hemins of which should be useful
obes of heme oxygenase mechanism and specificity.’ Such base sensitive meso-methyl-porphyrins provide another
:xample (e.g. 3 — 4) of a situation where selenium chemistry is useful because deprotection of the corresponding (2-
‘hloroethyl)porphyrin derivatives leads to unexpected cyclization products.
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