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Abstract: Formation of porphodimethene 2 by condensation of pymnnethaues 3 and 4. metalation with 

Zn(OAch under neutral conditicms and heating to 55°C fur 1 hour in chbdorm proawW chlotin 5 in 27% yield. 

Recently, many syntheses of dihydroporphyrins (chlorins) have been reported.t4 This fltury of 
activity is a reflection of their potential both as photodynamic thempeutic agent+ and as biomimtic models 
of the green hemes (such as heme d2 and sulfhemef ) and photosynthetic centers4 The teactions proceed 
with modest yields, require several steps and generally involve conditions that are highly acidic or basic, or 
require high temperatures. However, these chlorin preparations am all variations on the same theme, i.e., the 
transformation of a parent porphyrin into the corresponding dihydropotphyrin. To date, no general method 
has been devised in which a chlorin is built in the rational, step-by-step fashion from linear tetrapyrroles as 
now commonly employed in porphyrin synthesis. 5 We would like to report on our initial results at the 
establishment of a method that proceeds under mild conditions and shows surprising regioselectivity. 

~10~~6. Buchler7 and WhitlockS have demonstrated that an equilibrium exists between the anion of a 
metalated phlorin (derived from the uxresponding porphyrin) and metalated chknin, and is dependent on base 
concentration, temperature, solvent, and what metal ion is complexed to the macrocyclic core. Since these 
factors are controllable, we felt that the preparation from linear tetrapyrroles of a metalated phlorin anion 
might constitute a general entry into the chlorin macrocycle. Further, the phlorin anion seemed to be the 
equivalent of the monoanion of a porphodimethene and porphodimethenes can be prepared in the MacDonald 
condensation of pyrromethanes; thus, a direct mute to chlorins from pyrmle precursors seemed feasible. 

Fig. 1. 
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We found that the fairly typical condensation conditions of 5 equivalents of toluenesulfonic acid in 
chkxofm at rqom temperature pmduced the poqhodimedxne in-, which was stable to the reacdon 
conditions.~ However, we modified the MacDonald procedure by utiliing the dilution principletO for the 
additi~ofthstwowrraa#hmas311and4.1~lllddidnocaddgnymtaltothenacti~~untilafter 
neuuali&on with a bicarbonate wash. After the wash, beGdes polym& mat&a& the tin exhibited an 
equilibriummixaneofmosdyp~1(olivegr#n,visiblespectrum:4u)nmpealcandbpoadpeaLanxlnd 
750 nm) and porphodimethene 2s (ILXI, visible spectrum: broad peak at 460 mn). Chmmatography 
(chloroform, neutral alumina, grade ill) of this mixture resulted in removal of much of the polymeric mataial 
andashiftoftheequili~tothephlcrin~ 

Metalation of the phlcrin 20 (chka-ofcrm, saturated Zn(OAc& in methanol, 55’ C) was complete after 5 
minutes as evidenced by the change in the vitible spectrum from phlorin to metalated porphodimethene seen 
in Figure 2A (emergence of 470 nm peak with a clean isobestic point at 435 nm). After 15 minutes, an 
unexpected conversion of the metalated po@&im&ene to metalated chlorin occurred as evidenced by the 
appearance in the visible spectrum of a Soret peak at 400 nm, an absorption peak at 620 nm, and a 
concomitant deuease in the pcqhodimethene absoxption peak at 470 nm (Figure 2B). Complete conversion 
to metalated chlorin took l-l.5 hours. Examination of the 1H NMR spectrum**c (Figure 3A) of the 
demtalated chlorin (trifluoroacetitc acid, 5 minutes. 00 C) detailed four mescqoton resonances, no alumatic 
Rhydrogens and one resonance at 4.67 ppm (4H) clearly indicative of the presence of only regioisomcr 
Sa.t*bs Force field calculations*f show this regibisomer is not the most thumodynamic&y stable reduced 
ring. While rearrangement under kinetic contml14 would be expected to produce regioisomer 58 in excess 
over the other three possible reduced-ring isomers, formation of only 58 is remarkable (HPLC analysis 
shows So to be 98% of the chlorin mixture, with l-2% of other unidentified chknin i some@. Yieldsof 24- 
27% of chlorin were common when the condensation reaction ran 8-9 hours, the alumina column was 
bypassed and instead the neutrali& crude reaction mixture was mctalatai directly. The major by-product 
was porphyrin (2.5-5% of the product mixture), and was easily separated from chlorin with column 
chromatography (neutral alumina, grade III, elutal with benzene). 

Fig. 2. (A) Visible spectrum showing the formation of metalated poqhodimethene from 
phlorin over 5 minute period (amws indicate increasing and dcuwing abaption with time). 
(B) Visible spectmm showing the formation of metalati chlorin and concomitant loss of met&ted 
porp_elE over 15 minute paiod. 

That rearrangement occuned without the addition of base, or the apparent fcmnation of a monoanion of 
the metalated porphodimethene, was surprising. When the rearrangement was followed by visible 
spectrophotometry, no absorption at 800 nm (phlorin anio&*) was ever observed. Indeed, no chIti was 
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Fig 3. (A) Partial 1H NMR (300 MHz, ,cDcL3) of chlorin 58. showing me-ptons, 
nxlucedring Bprotonsandpmpanoate methylate for integration comparison. (B) Same 

partial specmlm of sb. (C) smlcmres of Sa and Sb. 

produced when the cuvette solution was made slightly basic with triethylamine (nor was rearrangement 

observed when the cuvette solution was made slightly acidic with acetic acid). When excess Zn(acac)$~ 
(withamorebasicligandthanaaeate)wasaddeda,~rmtralized.~n~,mtaletionwas 
immaMe but no marrangement took place. Further emts demonstrated that the transformstion 2a to 
Sa was slow to nonexistent when l-l.5 equivalents of Zn(OAc)2 were used, but reammgement was done 
within the one hour time fram when more than two equivalents were used. However, when the saturated 
Zn(OAch/‘&thanol solution was removed and only the metalated porphodimthene in &lo&otm was heated 
to SYC, learran gement occuned in a normal manner. Fmally. rearrangement of tetradeu~ 2bl6.17 in 
chloroform at 55OC resulted in the deuteration of 50% of ull mesa-carbons and 50% of the &carbons in the 
reduced ring (Presumably with Rnmation of chlorin SblB) as determined from proton NMR (Figure 3B). 
The data is consistetit with the possibility that acetate was acting as a fihh, axial ligand that aided in the 
shiftingofprotonsabouttheperipheryofthering\Rhileitrotatedaroundthemeeal,ina~mennato~ 
“guanMine-like” base used for rearmngementofpaph@qentoco@indetailedinEschenmosdseloquent 
studies on the bhxynthesis of vitamin ~12. ** 

Work to further elucidate the mechanism of this rearrangement, its genemlity to other ring systems and 
tbe stereoselectivity of ring reduction is cxurently in progfess. 
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