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Abstract 

Several alkyl porphyrins have been synthesized by 
cyclization of different 1,19-dimethyl [a,~] biladiene 
dihydrobromides, catalyzed by rhodium, ruthenium 
and chromium salts in buffered alcoholic media. 
When the reactions were carried out without base, 
a drastic reduction of porphyrin yields was observed. 
No substantial differences were observed on changing 
the solvent. A different reaction pathway was seen 
when the 1,19-substituent groups were bulkier than 
methyl. 

Introduction 

The cyclization reactions of 1,19-dimethyl [a, c] - 
biladiene, carried out in the presence of chromium, 
rhodium and ruthenium salts in buffered ethanolic 
solution, give the corresponding porphyrin free base. 
The yields depend both on the nature of the biladiene 
and on the metal ion and are comparable or higher 
than those reported in the literature. No significant 
improvements are obtained when N,N-dimethyl- 
formamide (DMF) is used as reaction solvent. When 
the reactions are carried out with copper(H) acetate 
in buffered ethanolic solution, we obtained a signifi- 
cant improvement of the yields, but the reaction 
products were the corresponding copper(H) 
porphyrinates. 

Different alkyl groups at the 1,19-positions on 
biladiene have a strong influence on the reaction: 
when either ethyl or 2-methoxycarbonylethyl groups 
are present, the general effect is a decrease in the 
yields of porphyrins and a different reaction pattern. 
In fact, if Cr or Rh salts are used as catalysts only 
etioporphyrin II is obtained, probably via recombina- 
tion of dipyrromethene fragments derived from the 
fission of.the biladiene. 

*Author to whom correspondence should be addressed. 
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Experimental 

NMR were recorded on a Bruker WP 80 SY instru- 
ment as CDCla solutions with tetramethylsilane 
(TMS) as internal standard. Electronic spectra were 
recorded on a Perkin-Elmer Lambda 9 spectropho- 
tometer as dichloromethane solutions. Mass spectra 
were measured on a Balzer QMG 5 11 spectrometer. 
Melting points were measured on a hot-stage 
apparatus and are uncorrected. All solvents were 
Reagent grade and were used without further purifica- 
tion. 

Ethyl3,4-dimethylpyrrole-2carboxylate (10 g) 
and acetyl chloride (20 ml) were added to a suspen- 
sion of AlCla (64 g) in dry dichloromethane (500 ml), 
under nitrogen at room temperature, The mixture 
was stirred for 3 h, then poured into the water. After 
three extractions with dichloromethane and evapora- 
tion of the solvent, the residue was crystallized from 
benzene/hexane (1:l) to give white crystals (38 g, 
75%1), melting point 101-102 “c. ‘H NMR: 9.43 
(lH, s, NH), 4.35 (2H, q, C&CH,), 2.49 (3H, s, 
COCHa), 2.29 (6H, s, CHa), 1.37 (3H, t, CH,CHs). 

Ethyl-5-ethyl-3,4dimethylpyrrole-2carboxylate 
The above pyrrole (1 1 g) was dissolved in dry 

benzene (300 ml) under nitrogen in a Dean-Stark 
apparatus and tosylhydrazine (11.2 g) and p-toluen- 
sulfonic acid (100 mg) were added. The mixture was 
refluxed and the water removed. Sodium cyanoboro- 
hydride (8 g) was added under reflux and after 12 h 
the mixture was hydrolyzed with dilute hydrochloric 
acid and extracted with diethyl ether. The solvent 
was evaporated under vacuum and the residue was 
chromatographed on silica gel eluting with diethyl 
ether/hexane (1: 1). Crystallization from hexane 
afforded the pure product (8.2 g, 80%), melting point 
64-65 “C. ‘H NMR: 8.72 (lH, s, NH), 4.30 (2H, q, 
CO&H&Ha), 2.63 (2H, q, CH&Hs), 2.26 (3H, s, 
CH& 1.93 (3H, s, CHa), 1.35 (3H, t, C02CH&‘Ha), 
1.2 (3H, t, CH,C.a). 

0 Elsevier Sequoia/Printed in Switzerland 



84 

S-Ethyl-3, 4ilimethylp~1rrole-2-carbaldel~_vde 
The above pyrrole (22 g) was dissolved in water/ 

ethanol (1: 1) (200 ml) with KOH (60 g) and refluxed 
for 4 h. After evaporation of ethanol under vacuum, 
the alkaline solution was cooled to 0 “C and 
neutralized with dilute hydrochloric acid. The pyr- 
role-2-carboxylic acid was filtered off, washed with 
water, dried and then dissolved in trifluoroacetic acid 
(20 ml) under nitrogen. After 10 min the solution 
was poured into the water and extracted with diethyl 
ether; after evaporation of the solvent, the viscous oil 
was formylated by the literature method [I]. 

Elution on silica gel with diethyl ether/hexane 
(1:l) afforded the pyrrole 2carbaldehyde (3.6 g, 
34%), melting point 65-67 “c. ‘H NMR: 10.12 (lH, 
b, NH), 9.49 (1H. s, CHO), 2.60 (2H, q, CH,CH,), 
2.25 (3H, s, CHs), 1.90 (3H, s, CHs), 1.22 (3H. t, 
CH,CHs). 

This pyrrole was prepared by the same experi- 
mental procedure as described above and represented 
in Scheme I. Physical properties were the same as the 
corresponding pyrroles reported above. 

Scheme 1. Reagents: 1, CD&OCI; 2, tosyl hydrazide/NaBDa; 
3, NaOH/HzO; 4, POCls/DMF. 

4-(2-Methoxvcarbonylethyl)-3,.~-di~nethylpyrrole-2- 
carbaldehyde 

Benzyl-4-(2-methoxycarbonylethyl)-3,S-dimethyl- 
pyrrole-2-carboxylate [2] (10 g) was dissolved in 
tetrahydrofuran (THF) (250 ml) and hydrogenated at 
room temperature over palladium charcoal (1 g) until 
uptake of hydrogen ceased. The catalyst was removed 
by filtration through Celite and the filtrate was 
evaporated under vacuum; the pyrrole-2-carboxylic 
acid was dissolved in trifluoroacetic acid (30 ml) and 
stirred for 10 min under nitrogen; the mixture was 
cooled to 0 “C before addition of trimethyl ortho- 
formate (60 ml). The mixture was stirred for 10 min, 
poured into the water (1 1) and extracted twice with 
dichloromethane. The organic extract was washed 
with a water solution of sodium hydrogen carbonate, 
dried and evaporated under vacuum. The residue was 
chromatographed on silica gel, eluting with diethyl 
ether/hexane 1: 1, to afford the pyrrole-2carbalde- 
hyde (4 g, (SO%), melting point 123-125 “C. ‘H 
NMR: 9.46 (lH, s, CHO), 3.65 (3H, s, CO*CH,), 2.54 
(4H, m, -CH2CH2-), 1.09 (6H, s, CH3). 

Benzyl-5-formyl-3,4-dimethylpyrrole-2-carboxylate 
This compound was synthesized from benzyl- 

3,4,5-trimethylpyrrole-2-carboxylate [3], as reported 
by Johnson and coworkers [4]. Benzyl-3,4,5- 
trimethylpyrrole-2carboxylate (24.4 g) was dissolved 
in 500 ml of glacial acid and Pb(CHsC00)4 (44.4 g) 
was added over about 1 h. When the lead tetraacetate 
had dissolved, a further quantity (44.4 g) was added 
and the mixture was warmed at 90 “C on a water bath 
with stirring for 1 h, then poured into ice-water (1 1) 
and refrigerated. The product was collected after 12 h 
and crystallized from absolute ethanol to give color- 
less plates (21.2 g, 82%‘), melting point 119-120 “C. 
‘H NMR: 9.66 (lH, s, CHO), 7.29 (5H, s, Ph), 5.24 
(2H, s, CH,Ph), 2.18 (6H, s, CHs). 

Benzyl-5-(2-carboxymethylvinyl)-3,4- 
dimethylp.wrole-2-carboxylate 

The above pyrrole (20 g) and trimethylphosphono- 
acetate (28 g) in THF (100 ml) were added to a well- 
stirred solution of potassium hydroxide (5 g) in THF 
(150 ml) under nitrogen at room temperature. After 
24 h the mixture was diluted with diethyl ether and 
washed with water (3 X 100 ml), dried and 
evaporated. The product was crystallized from 
dichloromethane-hexane to give white crystals 
(20.2 g, 83%) melting point 173-175 “C. ‘H NMR: 
9.08 (1 H, b, NH), 7.63 (I H, d. -CH=CHCO&H,), 
7.43 (5H, s, Ph), 6.12 (lH, d, -CH=CHC02CHa), 
5.38 (2H, s, CH,Ph), 3.82 (3H, s, CO,CH,), 2.30 
(3H, s, CHs), 2.14 (3H, s, CHs). 

5-(2-Methoxycarbonylethyl)-3,4-dimethylpyrrole-2- 
carbaldehyde 

‘The above pyrrole (20.2 g) was hydrogenated over 
palladium charcoal (2 g) at room temperature until 
uptake of hydrogen ceased. The catalyst was removed 
by filtration through Celite and the filtrate was 
evaporated to give the pyrrole carboxylic acid which 
was treated with trifluoroacetic acid (20 ml) and tri- 
methyl orthoformate (30 ml). The mixture was 
stirred for 10 min, poured into water (500 ml) and 
extracted with dichloromethane (2 X 150 ml); the 
organic layer was washed with aqueous sodium 
hydrogen carbonate, dried and evaporated to dryness. 
The product was crystallized from THF-hexane to 
give the title compound (8 g, 64%); melting point 
88-90 “C. ‘H NMR: 9.50 (lH, s, CHO), 3.69 (3H, s, 
C02CHs), 2.73 (4H, m, -CH2CH2-), 2.24 (3H, s, 
CHs), 1.94 (3H, s, CHs). 

Biladienes 
The [a,c]biladiene dihydrobromide salts were 

prepared by the previously reported method [5] from 
the appropriate dipyrromethane-5,5’-dicarboxylic 
acid [6] and the corresponding pyrrole-2-carbalde- 
hyde. The spectral data are as follows. 
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1,2,3,7,8,12,13,17,18,19-Decamethylfa, cJ- 
biladiene dihydrobromide (I) 
UV (X, nm): 450, 526. ‘H NMR: 13.25, 13.14 

(each 2H, b, NH), 7.07 (2H, s, =CH-), 5.15 (2H, s, 
CHa), 2.67, 2.27, 2.20, 1.99, 1.89 (each 6H, s, CHs). 

8,12-Diethyl-1,2,3, 7,13,17,18,19+1ctamethyl- 
[a, clbiladiene dihybrobromide (2) 
UV (h, nm): 452, 528. ‘H NMR: 13.42, 13.22 

(each 2H, b, NH), 7.10 (2H, s, =CH-), 5.18 (2H, s, 
CHa), 2.58 (4H, q, CH,CH,), 2.68, 2.32, 2.24, 1.98 
(each 6H, s, CHs), 0.78 (6H, t, CHaCHs). 

8, i2-Diethyl-2,18-bis(2-methoxycarbonylethyl)- 
I ,3,7,13,17,19-hexamethylla, clbiladiene 
dihydrobromide (3) 
UV (h, nm): 452, 527. ‘H NMR: 13.38, 13.25 

(each 2H, b, NH), 7.11 (2H, s, =CH-), 5.20 (2H, s. 
CHZ), 3.67 (6H, s, COaCHs), 2.71, 2.31, 2.23 (each 
6H, s, CHs), 2.56-2.47 (12H, m, XHZCH2- and 
CH,CH,), 0.65 (6H, t, CH,CH,). 

1,8,12,19-Tetraethyl-2,3,7,13,17,18-hexamethyl- 
[a, cjbiladiene dihydrobromide (4) 
UV (h, nm): 452, 532. ‘H NMR: 13.32, 13.18 

(each 2H, b, NH), 7.10 (2H. s, =CH-), 5.22 (2H, s, 
CHa), 3.08, 2.54 (8H, q, CH,CHs), 2.27, 2.20, 2.18 
(each 6H, s, CHs), 1.24,0.82 (12H, t, CH&‘H,). 

I,19-(2H,0JDiethyl-8,12-diethyl-2,3, 7,13,17,18- 
hexamethyl[a, cjbiladiene dihydrobromide (5) 
This biladiene has the same spectral data as 4, but 

in the ‘H NMR spectrum the resonances at 3.08 and 
1.24 of deuterated ethyl groups disappear. 

1,19-Bis(Z-methoxycarbonylethyl)-8, I2-diethyl- 
2,3,7,13,17,18-hexamethyl[a, clbiladiene 
dihydro bromide (6) 
UV (h, nm): 455, 530. ‘H NMR: 13.42, 13.26 

(each 2H, b, NH), 7.12 (2H, s, =CH-), 5.22 (2H, s, 
CHJ, 3.68 (6H, s, CO,CHs), 3.26-2.54 (12H, m, 
CH2CH2 and CH,CH,), 2.28, 2.20, 2.12 (each 6H, s, 
CHs), 0.82 (6H, t, CH,CH,). 

1,2,18,19-Tetrakis(2-methoxycarbonylethyl)- 
8,12_diethyl-3, 7,13, I7-tetramethylla, cjbiladiene 
dihydrobromide (7) 
UV (h, nm): 454, 530. ‘H NMR: 13.51, 13.20 

(each 2H, b, NH), 7.15 (2H, s, =CH-), 5.23 (2H, s, 
CH2), 3.67. 3.65 (each 6H, s, C02CH,), 3.34-2.47 
(20H, m, CH2CH2 and CH,CHs), 2.31, 2.23 (each 
6H, s, CHs), 0.70 (6H, t, CH,CH,). 

Cyclizations of Biladienes in Ethanol 
The [a,.c] biiadiene dihydrobromide (100 mg) was 

added to a solution of sodium acetate (500 mg) and 
metal salt (100 mg) in 95% ethanol (100 ml). The 
green solution was refluxed under aereation for 4 h 

and the color turned to red-brown. After evapora- 
tion of the ethanol, the residue was extracted with 
dichloromethane and chromatographed on silica gel 
(elution with dichloromethane) to give the cor- 
responding porphyrins. In the case of the biladiene 
1 and 2, the porphyrin crystallized in the reaction 
mixture and was filtered off to give the analytically 
pure product. 

If other oxidants were used, the reactions were 
carried out under nitrogen and the residue was 
treated as described above. 

Cyclizations of Biladienes in DMF 
The [a.c] biladiene dihydrobromide (100 mg) was 

added to a suspension of metal salt in DMF (50 ml) 
and then a few drops of triethylamine were added. 
The green solution was refluxed for 1 h, then the 
solvent was evaporated under vacuum and the residue 
was treated as above. 

Yields of porphyrins are reported in Table 1, 
structural formulae are reported in Fig. 1 for 
biladienes and Fig. 2 for porphyrins. 

TABLE 1. Cyclizations of [a,c]bidentate dihydrobromides 

(BD) with metal salts 

BD Metal salt Solvent Porphyrin yield (%) 

1 C~(OAC)~ 

RhC13 

RuC13 

Cu(OAc)z 

2 Cr(OAc), 

RhC13 

RuC13 
CU(OAC)~ 

3 Cr(OAc)3 
RhC13 

CU(OAC)~ 

4 Cr(OAc)3 
RhC13 
CU(OAC)~ 

5 Cr(OAc)J 

RhC13 

6 Cr(OAc)3 
RhC13 

7 CI(OA~)~ 
RhC13 

EtOH 51 

DMF 40 

EtOH 46 
DMF <5a 
EtOH 32 
EtOH 80 

EtOH 60 

DMF 35 

EtOH 43 
DMF <5a 

EtOH 30 
EtOH 90 

EtOH 42 

EtOH 29 

EtOH 65 

EtOH 28b 

EtOH 19b 
EtOH 45 c 

EtOH 25b 

EtOH 20b 

EtOH 20b 

EtOH lib 

EtOH 9b 
EtOH <5b 

aporphyrinato Rh-methyl; betioporphyrin II; e3,17- 
diethyl-2,8,12,13,15,17,18-heptamethylporphyrin. 
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er- 

Fig. 1. Biladienes: Rt = Rz= R3=Me (1); RI = Rz=Me, 
R3= Et (2); Rt =P, R2 =Me, R3=Et (3); Rt =Me, R2= 

R3 = Et (4); R, = Me, R2 = D, R3 = Et (5); Rt = Me, R2 = 
P, R3= Et (6); RI = R2=P, R3=Et (7); P=CH2CH2- 

COOCH3; D = CD2CD3. 

R2 

Fig. 2. Porphyrins: Rt = R3 = Me, R2 = H (8); Rt = Me; R2 = 

H, R3 = Et (9); R, = P, R2 = H, R3 = Et (10); RI = R3 = Et, 

R2 = H (11); RI = Rz = Me, R3= Et (12). 

Results and Discussion 

The cyclization of [a,~] biladiene salts catalyzed 
by copper(H) ions has proved to be one of the most 
successful syntheses of porphyrins [7]. The reactions 
were generally carried out in DMF and the products 
were the corresponding copper(H) porphyrinates [7]. 
A great number of porphyrins of biological interest 
have now been synthesized by this method and 
several studies have been performed in order to deter- 
mine the general mechanism of the cyclization and 
to optimize the yields of porphyrins [S-12]. 

Nevertheless, such a procedure suffers from some 
disadvantages, such as the unpredictable yields of 
porphyrins that sometimes have been reported to be 
discouraging, and the production of copper por- 
phyrinates. In fact, if acid-labile substituents are 
present on the macrocycles, the removal of the metal 
ion can be quite difficult. 

In order to overcome such problems we thought of 
chasing different systems that would allow the forma- 

tion of the porphyrin free base in good yield. Ni(I1) 
and Co(H) salts have been discarded because they 
afford, under the same conditions, the corresponding 
metal tetradehydrocorrin salts [4]. During our studies 
on the chemistry of tetrapyrrolic macrocycles we 
have found [13] that Cr(IlI), Ru(III) and Rh(II1) 
catalyze the cyclization of 1,19-unsubstituted [a,~]- 
biladiene salts to give metal-free corrole. 

In the present work the same metal ions have been 
used in the cyclization of several 1,19-dialkyl [a,~]- 
biladienes, the formulae of which are reported in 
Fig. 1. These [a,~] biladiene salts have been prepared 
according to literature methods [S] from the appro- 
priate 2-pyrrolecarbaldehyde and the dipyrromethane 
5,5’-dicarboxylic acid. The successive cyclizations of 
[a,c]biladienes have been generally carried out using 
ethanol as solvent with an excess of sodium acetate 
in the presence of air. When methyl groups are 
present at the 1,19-positions of the [a,~] biladiene 
salts, the corresponding mesa-unsubstituted metal- 
free porphyrins have been obtained. 

The general interest and the great advantage of 
these new reactions is the direct synthesis of por- 
phyrin free bases and the elimination of the harsh 
acidic conditions necessary for the removal of the 
chelated copper atom. The synthesis of macrocycles 
with acid-labile substituents, which is an usual con- 
dition for biological-like compounds, is then allowed. 

The yields of the reactions are also higher than 
those reported in the literature and are summarized in 
Table 1. The yields are dependent on both the [a,~]- 
biladienes and the metal ions used and have been 
found to be optimal when Cr(II1) acetate and 8,12-di- 
ethyl-1,2,3,7,13,17,18,19-octamethyl[a,c] biladiene 
dihydrobromide (2) have been employed, leading to 
the formation of 3,7-diethylhexamethylporphyrin in 
60% yield. 

In order to optimize the yields of the cyclization 
reactions, some experimental details, such as the 
nature of oxidants and base, have been varied. The 
use of triethylamine instead of sodium acetate does 
not influence the reaction pathway, while the use of 
2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ) 
or K,Crz07 as oxidants, always in the presence of 
Cr(II1) ions, although it did not improve the yields 
increased the reactions rates. 

When the cyclization was carried out using DMF 
as solvent, the reaction pathway was found to be 
strongly dependent on the metal ion. The variation 
of solvent in the presence of Cr(II1) acetate did not 
influence the nature of the porphyrin free base 
obtained, but only the reaction yield, which was 
lower, whilst when RhC13 was used, we obtained in 
very low yield (<5%) a mixture of Rh porphyrinates, 
where the predominant compound was the Rh- 
methyl porphyrinato. This results can be ascribed to 
the well-known reactivity of rhodium trichloride with 
alkyl amides [ 141. 
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In order to compare the reactivity of different 
metal ions, we have performed the same reaction 
using Cu(I1) acetate and obtained the corresponding 
Cu porphyrinates. The yields are always higher than 
those obtained with the other metal salts and are 
improved with respect to those reported in the litera- 
ture for similar cyclizations [ 151. Furthermore, when 
compound 2 is used, the yield is almost quantitative 
(90%). These enhancements are probably due to the 
presence of the excess of base. In fact, if the reaction 
is carried out without sodium acetate, a drastic reduc- 
tion of porphyrin yields is observed. The presence of 
the base drives the reaction towards the deprotona- 
tion of biladiene which is considered to be the first 
step of the cyclization [ 161. 

When the 1,19-positions of the biladienes were 
occupied by alkyl groups different from methyl, we 
obtained different results. When 1,8,12,19_tetraethyl- 
2,3,7,13,17,18-hexamethyl[u,c]biladiene dihydro- 
bromide (4) was refluxed in ethanol with Cr(II1) 
acetate or RhCla, surprisingly only etioporphyrin II 
was obtained and meso-substituted porphyrins were 
not isolated. Under the same conditions, Cu(I1) 
acetate affords meso-methylporphyrin, thus indi- 
cating a different pathway of cyclization. 

In order to elucidate the mechanism of this reac- 
tion, we have synthesized the 1,19-[‘Hs] diethyl-8,12- 
diethyl-2,3,7,13,17,18-hexamethyl[a,c]biladiene di- 
hydrobromide (5). The [a, clbiladiene can be 
prepared by literature methods and the relative 
[*H,]pyrrolecarbaldehyde is achieved by the proce- 
dure reported in Scheme 1. 

Cyclization carried out with Cr(III) acetate or 
RhCls afforded etioporphyrin II and no incorpora- 
tion of deuterium was observed. This result seems to 
indicate that the cyclization is no longer achieved by 
the oxidation of the terminal alkyl group. Cr and Rh 
salts probably cause fission of the bilatriene, formed 
in the buffered solution, at the terminal methine 
bridge and afford etioporphyrin II by the recombina- 
tion of two dipyrromethene fragments. A similar 
result was observed by Johnson and Kay in the 
cyclization of [blbilenes catalyzed by AlCla [ 171. 

This pathway is confirmed by the reaction with 
1,19-bis(2-methoxycarbonylethyl)S, 12-diethyl-2,3,7, 
13,17,18-hexamethyl[a,c] biladiene dihydrobromide 
(6), 1,2,18,19-tetrakis(2-methoxycarbonylethyl)-8,12- 
diethyl-3,7,13,17-tetramethyl[a,c]biladiene dihydro- 
bromide (7): using these biladienes we have always 
obtained the etioporphyrin II in lower yields. 

When DMF is used as solvent in the cyclization of 
compound 4;Cr(III) acetate afforded etioporphyrin 
II and meso-methylporphyrin in lower yield. A pos- 
sible explanation for the formation of the meso- 
substituted porphyrin comes from the use of a high 
boiling solvent such as DMF. The temperature 
probably allows the overcoming of the energy barrier 
necessary for the cyclization and the meso-methyl- 
porphyrin is then formed. 

Further research directed towards the isolation of 
the intermediates and the optimization of the yields 
in the cyclization catalyzed by Cr, Rh or Ru salts is 
in progress. 
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