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We have found that octasubstituted porphyrins having no substituents in the meso positions 

can be prepared in high yields by acid catalyzed condensation of formaldehyde with a variety of 

3,4-disubstituted pyrroles. This improved procedure circumvents the need to prepare aldehyde, 

aminomethyl, or hydroxymethyl pyrrole precursors and gives higher yields than previously repor- 

ted procedures involving formaldehyde and 3,4_dimethylpyrrole and 3,4-diphenylpyrrole.' 

The reactions are carried out by refluxing for several hours an ethanolic solution of a 

3,4-disubstituted pyrrole with an excess of formaldehyde and a strong acid such as hydrobromic 

or hydrochloric acids. The reactions mixtures are allowed to stand exposed to the air for peri- 

ods of a few days to several weeks. Slow oxidation in this way gives somewhat better yields than 

procedures involving bubbling air through the reaction mixture. 
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For reactions where R # R' four isomeric porphyrins are possible. In the case of tetra- 

acetyltetraethylprophyrin, 1, we find that c95% of the reaction product consists of three of 

these isomers, 2,7,13,18-tetraacety1-3,8,12,17-tetraethylporphyrin, l& 2,8,13,18_tetraacetyl- 

3,7,12,17_tetraethylprophyrin, k, and 2,8,12,18-tetraacetyl-3,7,13,17-tetraethylporpl;yrin, k, 

in the ratios of about 1:4:2 respectively. 

For reactions where R = R' = alkyl symmetrical porphyrins are obtained in good yields using 

this simplified procedure. Thus, condensing formaldehyde with 3,4-dimethylpyrrole gives after 

air oxidation 2,3,7,8,12,13,17,18-octamethylporphyrin,&. in 76% while 3,4-diethylpyrrole gives 

2,3,7,8,12,13,17,18-octaethylporphyrin, I, in 65% yields. 

[Dedicated to Professor R.B. Woodward on the occasion of his 60th birth&y.] 
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Porphyrin, R # R' % Yield Visible Spectrum (CH2Cl2), x,ax 

1 R,R' = C2H5-,CH3CO- 

1 R,R' = CH3-,CH3CO- 

2 R,R' = CH3-,-C02C2H5 

3 R,R' = CH3-,-C02C8H17 

2 R,R' = Ph-,-C02C2H5 

5 R=R' = CH3- 

1 R=R' = C2H5- 

96 428 (Soret), 524, 560, 596, 652nm 

64 429 (Soret), 524, 559, 596, 653nm 

92 425 (Soret), 521, 556, 595, 651nm 

52 424 (Soret), 520, 555, 593, 650nm 

86 433 (Soret), 525, 560, 595, 654nm 

76 398 (Soret), 491, 530, 567, 592, 620nm 

65 398 (Soret), 496, 531, 568, 594, 621nm 

No. 17 

The successful synthesis of these porphyrins seems to be restricted to the condition de- 

scribed here. Changing solvents (e.g., methanol or tetrahydrofuran) results in little or no 

porphyrin formation. Likewise, we have been unable to induce a variety of other aldehydes to 

form meso-substituted porphyrins. Instead visible spectral data suggest that the reactions are 

giving mainly dipyrrylmethenesalts. 

For many reactions involving transformation of the peripheral substituents the use of these 

isomeric porphyrin mixtures proves wholly satisfactory. Thus, diborane reduction of the car- 

bony1 groups of 1 affords octaethylporphyrin, 7, (R=R'=C2H5) in a 97% yield. This represents 

an overall yield of 55% for a four step sequence.2 

B2H6 

THF 

(mixture of isomers) 97% YIED 

Heating tetracarbethoxytetraphenylporphyrin, 5, with LiI in dimethylformamidecleaves the 

hindered ester4 affording the tetracarboxylic acid 8, (R,R'=Ph or -C02H) [Amax (5% aq. Na2C03): 

413 (Soret), 512, 548, 574, 6241 in 85% yield. Hydrolysis of tetracarbethoxytetramethylporphyrin, 

3, with KOH in H20/THF gives the tetracarboxylic acid 9_, (R,R'=CH3 or -C02H) [A,, (5% aq. 

Na2C03): 403 (Soret), 504, 542, 568, 6201 in 93% yield. This same acid, 2. can be prepared in 

low yields y& a prebiotic type synthesis by condensing 4-methyl-3-pyrrolecarboxylicacid with 

formaldehyde in dilute aqueous hydrochloric acid. 

Reesterification of the tetracarboxylic acid 9_ with dodecyl iodide in the presence Of tri- 

ethylamine gives a 32% yield of the hexane soluble tetracarbododecoxytetrarnethylporphyri n, lo, 

(R,RI=CH~ or -c02c12H25) [A,, (CH2C12): 424 (Soret), 522, 556, 602, 6651. In non-polar solvents 
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(hexane) the Soret bands of the tetraesters 10 (xmax 409 and 423 nm) and 5 (xmax 408 and 421 nm) - 
are split into a concentration dependent doublet. We attribute this to aggregation of these non- 

Polar porphyrins a phenomenon observed in other porphyrin systems.6 
These new high yield porphyrin syntheses and their transformation products will allow the 

preparation of a large variety of customized porphyrins having a substitution pattern more like 

those which occur naturally (i.e., unsubstituted in the meso-positions). The following repre- 

sent general procedures for the synthesis of these porphyrins. 

3-acetyl-4-ethylpyrrole: A solution of 3.9 g (20 nmol) of toluenesulfonylmethyl isocyanide' 

and 2.0 g (20 tmnol) of 3-hexen-2-one (prepared in 70% yield from acetylmethyltriphenylphosphorane 

and propionaldehyde) in 100 ml of 2:l ether-dimethylsulfoxide is added to an ether suspension of 

2.0 g (44 ~1) of 51% NaH. After 15 min 400 ml of H20 was added. The ether layer was separated 

and the aqueous layer extracted with 3 x 50 ml portions of ether. The combined ether extracts 

were freed of ether, taken up in CH2C12 and chromatographed on alumina yielding 2.5 g (91% yield) 

of 3-acetyl-4-ethylpyrrole, mp 60.5-62X; pmr (CDC13): 67.3 (m, lH, pyrrolic-H), 6.5 (m, lH, 

pyrrolic-H), 2,75 (q, 2H, CH,), 2.38 (s, 3H, CH3CO). 1.2 (t, 3H, e3). 

The following 3,4-disubstituted pyrroles were prepared using this same general procedure': 

(R,R', % yield), CH3, CH3CO-, 84; CH3-, -C02C2H5, 70; CH3-, -CO2C8Hl7, 91; Ph-, -CO2C2H5, 60. 

Tetraacetyltetraethylporphyrin, 1: A mixture of 2 g (15 mnol) of 3-acetyl-4-ethylpyrrole, 

60 ml of 40% aqueous formaldehyde and 24 ml of 48% hydrobromic acid in 600 ml of ethanol were 

refluxed for 10 hr. This mixture was allowed to stand in an open beaker for 10 days. Filter- 

ing the reaction mixture gave 532 mg of 1. The filtrate was neutralyzed with dilute aqueous 

NaOH then extracted with methylene chloride. The methylene chloride extract was evaporated and 

the residue chromatographed on alumina affording an additional 1.54 g of 1 (total yield 96%); 

1 max (CH2C12):428nm( 3.1~ 105), 524 (2.5x104X 560 (1.1~ 104), 596(l.0x104),652(4.6x103).HPLCon 

silica gel-eluent 0.5% CH30H in CH2C12) gave in order of elution: isomer la, pmr (CDC13); 610.30 

(s, lH, meso-H), 9.93 (s, 2H, meso-H), 9.03 (s, lH, meso-H), 4.03 (m, 8H, CH3), 3.30 (s, 6H, 

&13CO), 3.23 (s, 6H, CH3CO), 1.70 (m, 12H, 3). -4.97 (s, 2H. N-H); isomer lb: 10.58 (s, lH, - 
meso-H), 10.22 (s, 2H, meso-H), 9.43 (s, lH, meso-H), 4.13 (m, 8H, CH,), 3.33 (2 singlets. 61, 

CH3CO), 3.23 (2 singlets, 6tJ, CH3CO), 1.80 (m, 12H, &13) -4.45 (s, 2H, N-tl);isomer &: 10.76 (s, 

2H, meso-H), 9.76 (s, 2H, meso-H), 4.18 (q, 8H, &12), 3.33 (s, 12H, CH3CO). 1.86 (t, 12H, CH.3), 

-4.37 (s, 2H, N-H). 

Octamethylporphyrin, 5: A solution of 190 mg (2 mmol) of 3,4-diemthylpyrrole 9,lO in 20 ml 

of ethanol (95%) was added to a warm solution of 2 ml of 40% aqueous formaldehyde, 1 ml of 1~ 

hydrochloric acid and 20 ml of ethanol at 50-60°C. The mixture was stirred at this temperature 
for 1 hr, then allowed to stand at 20°C for 3 days. Filtering the reaction mixture gave 27 mg 
of octamethylporphyrin. The filtrate was diluted with H20, neutralized with aqueous NaOH and 
extracted with CH2C12. Evaporation of the CH2C12gave a residue which was washed with cold meth- 
anol. There was obtained an additional 134 mg of octamethylporphyrin (76% yield). 
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Octaethylporphyrin, 1: To a solution (O'C) of 175 mg (0.3 rmiol) of 1 in 60 ml of freshly 

distilled tetrahydrofuran was added under N2 4 ml (4 mnol) of 1N diborane-THF solution. The 

reaction mixture was stirred for 1 hr at O'C then for 2 hrs at 20". It was then cooled to 0°C 

and 45 ml of 5% aqueous HCl added dropwise keeping the temperature below 35OC. The resulting 

solution was added to 100 ml of 1M aqueous Na2C03 and the whole mixture extracted with CH2C12. 

Removal of the solvent followed by chromatography of the residue on neutral alumina (CHC13 elu- 

ent) afforded 115 mg of octaethylporphyrin, 1, (97% yield) which proved identical to an authen- 

tic sample. 

Tetramethylporphyrintetracarboxylic acid, 2: A mixture of 653 mg (1 tnnol) of tetramethyl- 

tetracarbethoxyporphyrin, 2, in 45 ml of 1N KOH solution in 200 ml of distilled tetrahydrofuran 

was refluxed for 150 hrs (under N2). The solvents were removed under reduced pressure and the 

resulting residue dissolved in 50 ml of H20. Acidification to pH = 1 with hydrochloric acid 

caused a precipitate to form. This was collected by centrifugation and washed repeatedly with 

H20. There was obtained 503 mg (93% yield) of 9; Xm_x (5% aq. Na2C03); 403 nm (E 2.2 x 105), 

507 (1.7 x 104), 542 (1.0 x 104), 568 (8.5 x 103,, 620 (4.2 x 103). 

Acknowledgement is made to the Donors of the Petroleum Research Fund, administered by the 

American Chemical Society, for the support of this research. 
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