
In the single-blind study reported here, a minimum single thera- 
peutic dose of each drug, without disclosure of its name, was given 
to each subject. Urines were collected from each individual before 
the ingestion of the drug to serve as control specimens. Several 
urine specimens were collected from each individual at regular time 
intervals of 6-10 hr. between the initial and last detection of the 
drug. The data on the first and last detection of each drug in human 
urine in Table I1 can vary from one investigator to another, de- 
pending upon the sensitivity of the extraction and identification 
procedures used. These data are based on the detection of the un- 
changed drug, except a-acetylmethadol which was detected as its 
metabolite. Spraying techniques used to identify each drug were 
reliable and specific. 
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Preparation of Pure meso-Tetraphenylporphine and 
Two Derivatives 

W. BHATTI*, M. BHATTItA, P. IMBLER*, A. LEE*, and B. LORENZEN* 

Abstraet IJ Optimal conditions for the preparation and puri- 
fication of meso-tetraphenylporphine, methyl-meso-tetraphenylpor- 
phine, and methoxy-meso-tetraphenylporphine were studied. The 
reaction of equimolar concentrations of pyrrole and the respective 
aldehyde in propionic acid gave the best yield of porphine com- 
pounds. These compounds were further purified by column chro- 
matography and, according to elemental analyses, found to be of 
high purity. 

Keyphrases 0 mso-Tetraphenylporphine, derivatives-prepara- 
tion, purification 0 Methyl-meso-tetraphenylporphine-prepara- 
tion, purification 0 Methoxy-meso-tetraphenylporphine-prepara- 
tion, purification 0 Column chromatography-purification of 
meso-tetraphenylporphine and derivatives 

Porphyrin compounds elicit a wide range of phar- 
macologic activities. The addition of various groups 
to  the porphine ring may alter both the biologic 
activity and distribution. To study the pharmacology 
of these compounds accurately, it is necessary to  obtain 
products of high purity. rneso-Tetraphenylporphine 
derivatives have been prepared by the condensation 
of pyrrole and an aldehyde under pressure (1 ,  2) or 
by refluxing in acetic acid (3). The isolation of a pure 
product from these reaction mixtures was found to be 
difficult and of a low yield. Adler et a/. (4, 5 )  prepared 
meso-tetraphenylporphine by refluxing pyrrole and 
benzaldehyde in propionic acid. On cooling, rneso- 
tetraphenylporphine crystallized from the reaction 
mixture and was easily isolated. The optimum condi- 

tions for the preparation in propionic acid of meso- 
tetraphenylporphine, p-methoxy-rneso-tetraphenylpor- 
phine, and p-methyl-meso-tetraphenylporphine are re- 
ported here. 

MATERIAIS AND METHODS 

Determination of Optimum Reaction Times -mesa-Tetraphenyl- 
porphine, p-metlioxy-mescl-tetraplienylporphine, and p-methyl- 
meso-tetraphenylporphine were prepared by reaction of equimolar 
concentrations (0.1 mole) of freshly distilled pyrrolel and the 
respective aldehyde (benzaldehyde?, ani~aldehyde~,  or p-tolual- 
dehyde‘) in 500 ml. of propionic acid*. The reactions were refluxed 
for 12 hr. 

One-milliliter aliquots of the hot refluxing reactions were ob- 
tained during the 12-hr. period. Each aliquot was added to 19 ml. 
of benzene, and the visible spectra were determined on a spectro- 
photonieter5. The most prominent spectral peak of each of the three 
compounds occurred at 515 nm., which is in agreement with the 
spectra reported by Badger er id. (6). The absorbance of each 
aliquot of the reaction mixture was determined at 515 nm. The 
results are presented in Fig. I .  

Molar Ratio Studies- Four different molar concentrations of 
pyrrole and aldehyde were used for the preparation of meso- 
tetraphenylporphine, p-methoxy-meso-tetraphenylporphine, and 
p-methyl-nieso-tetraphenylporphine. The molar ratios of pyrrole 
to aldehyde were 1 : I ,  I :2, 1 :4, and 2: 1. Each reaction was carried 
out in 500 ml. of propionic acid. The appropriate quantities of 

1 Mallinckrodt. 
2 Matheson, Coleman and Bell. 
J K & K Laboratories. 
4 Eastman Kodak. 
6 Perkin-Elmer 123. 
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Table 1 -Molar Ratio Studies on the Preparation of meso-Tetraphenylporphine, p-Methoxy-meso-tetraphenylporphine, and 
pMethyl-meso-tetraphen ylporphine 

meso-Tetraphenylporphine- - -. - .- _- _____-___ 
Reactant 

Weight of Percent Yield Molar Ratio, Molar Concentration, -- Weights, g.----- 
Pyrrole-Aldehyde Pyrrole-Aldehyde Pyrrole Benzaldehyde Crude Compound, g. Crude Compound, g. 

1:1  0.1:O.l 6.71 10.61 2.84 16.93 
1 :2 0.1 :o. 2 6.71 21.22 2.82 16.41 
1 :4 0.1 :0.4 6.71 42.44 1 .a 6.25 
2: I 0.2:o. I 13.42 10.61 0.79 1 .@I 

I :l 
I :2 
1 :4 
2:l 

0. I :o. I 
0.1 :0.2 
0.1 :0.4 
0.2:o. 1 

_ _ _ ~ _  p- Methoxy-meso-tetraphenylporphine- 
Anisaldehyde 

6.71 13.61 4.25 21.10 
6.71 27.22 4.18 23.50 
6.71 54.44 1.25 6.20 

13.42 13.61 1.85 9.20 

_ _ _ _ ~  p Met hyl-meso-tetraphenylporphine-- Y 

p-Tolualdehyde 

1:l  0.1:O.l 6.71 12.01 3.81 20.40 
1:2 0.1:0.2 6.71 24.02 3.54 18.90 
1 :4 0. I :0.4 6.71 48.04 2.56 13.70 
2: 1 0.2:o.  1 13.42 12.01 2.27 12.10 

pyrrole and aldehyde in propionic acid were refluxed for the 
optimal reaction time determined for each compound. The meso- 
tetraphenylporphine and pmethoxy-meso-tetraphenylporphine 
reactions were refluxed for 30 min. The pmethyl-meso-tetraphenyl- 
porphine reactions were refluxed for 6 hr. 

The products were isolated as follows. After refluxing, the flasks 
were allowed to cool slowly to room temperature overnight. 
The reaction mixture was then vacuum filtered to obtain the 
crystalline product. The product was washed with cold water 
followed by 100 ml. of cold acetone. It was then collected and dried 
in a vacuum oven at 80" for 48 hr. and weighed. Based on this 
weight, the percent yield of crude product was calculated. The 
results of these studies are given in Table I. 

PuriRcation by Column Chromatography-Each of the 12 prod- 
ucts obtained from the molar ratio studies was further purified by 
column chromatography as follows. One hundred grams of FlorisiP 
was packed in chloroform to make a 3.5 X 25cm. column. One 
hundred milligrams of product was dissolved in 2-5 ml. of chloro- 
form and placed on the column. The column was then eluted with 
100 ml. of chloroform. In all cases, this was suficient to separate 

...... .. 
m 
d 

D . , . . . .  

1 2  3 4 5 6 7 8 9 1 0 1 1 1 2  
REACTION TIMES, hr. 

Figure 1-Optimal reaction times for the preparation of meso- 
tetruphenylporphine, pmethoxy-meso-telraphenylporphine, and p 
methyl-meso-tetraphenylporphine. Key: -- , rneso-tetraphenyl- 
porphine; . . . , p-metlroxy-meso-ietraplienylporphine; and - - -, 
p-mc~r/iyl-meso-tetrupherrylporp/line. 

6 Fisher Scientific. 
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on the column a green band of the meso-tetraphenylporphine 
compound from the reaction impurities which remained a t  the top 
of the column. Elution of the column with chloroform was contin- 
ued. 

Aliquots of eluate were checked spectrophotometrically for the 
appearance of characteristic spectral peaks. When these peaks 

4 -  

M 

G 
1 3  - !2 

d 
5 

B 
s 2  
a 

4 s 

z 
3 

z 

w 
I- 

1 

0 
1:l 1:2 1:4 2:l 1:l 1:2 1:4 2:l 1:l l:2 1:4 2:l 

PORPH I N E 
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Figure 2-Chroma1ogruphic purity of meso-tetraphenylporphirte, 
pmethoxy-meso-tetraphenylporphine, and p-methyl-meso-rerra- 
phenylporphine. Key: 0, pure tetraphenylporphine; R, column 
impurities; and H, chlorin content. 



Table 11-Molar Ratio and Chromatographic Purity of meso- 
Tetraphenylporphine, p-Methyl-meso-tetraphenylporphine, and 
p-Methoxy-meso-tetraphenylporphine 

Percent 
Molar Impurities Percent 
Ratio, and Loss Percent Pure 

Pyrrole- on Chlorin Com- 
Compound Aldehyde Column Content pound 

CuH ~ N I  1:1 8 .  I 1 . 4  90 .5  
1 :2 9 . 4  1 . 1  89 .5  
1 :4 14.0 0 . 6  R5.4 

2:l  12.5 3 . 6  83 .9  
CtsHsN,Oc 1 : l  51 .O 1 . 9  47. I 

1 :2 60 .0  1 . 9  38.1 
1 :4 83 .0  2 . 2  14.8 
2: I 71 .5  I . 9  26.6 

appeared, the eluate was collected until the peaks disappeared. 
indicating total elution of the nicso-tetraplienylporphine coni- 
pounds. All three compounds appeared as green bands on the 
column; the bands had a bright-red fluorescence under longwave 
UV light. Al l  of the compounds eluted from the columns as purple 
solutions. meYo-Tetraphenylporphine formed a narrow column band 
and required 200 ml. of chloroform for complete elution. p-Me- 
thoxy-meso-tetraphenylporphine formed a slightly wider band 
which required 250 ml. of chloroform for elution, while p-methyl- 
nieso-tetraphenylporphine formed a wide band requiring 400 ml. 
of chloroform for elution. 

The chloroform eluate containing the meso-tetraphenylporphine 
compound was evaporated to dryness and the compound was 
collected. After drying for 24 hr. in a vacuum oven at 80". the 
product was weighed. A known amount was dissolved in chloro- 
form, and the chlorin content was determined spectrophoto- 
metrically (6). The percentage purity of the compounds prepared 
at different molar ratios is given in Table 11. By using these per- 
centages, the weights of pure compound, chlorin, and impurities 
contained in each of the  12 original products from the molar 
ratio study were calculated. These data are illustrated in Fig. 2. 

Elemental Analysis---Each compound that had been prepared 
using the I : I molar ratio of pyrrole to aldehyde was purified on a 
column as already described. After evaporation of the chloroform 
eluate, the three compounds were crystallized from chloroform and 
benzene and submitted for elemental analysis. These data are given 
in Table 111. 

Table 111 -Elemental Analyses of Purified meso- 
Tetraphenylporphine, p-Methoxy-meso-tetraphenylporphine, 
and p-Methyl-meso-tetraphenylprphine 

_- - - Analysis, z- - 
Compound Calc. Found 

C 78.68 
H 4 . 2 0  
N 8 .34  c 79.22 
H 4 .99  
N 7.70 
C 72.81 
H 4 .58  
N 7 .08  

78.49 
4 .44  
8 .13  

79.16 
4 .88  
7 .70  

72.70 
4.61 
7 .30  

ml. of propionic acid. The optimal reaction times remained the 
same at higher molar concentrations, but the volume of propionic 
acid had to be increased. 

I t  can be seen from Tables I and I I  that equimolar concentra- 
tions of pyrrole and aldehyde produced a maximum yield of pure 
meso-tetraphenqlporphine and p-rnethyl-meso-tetraphenylpor- 
phine. A pyrrole-aldehyde ratio of 1 :2  gave the highest weight 
of crude p-methoxy-mesa-tetraphenylporphine, but this product 
contained a large quantity of impurities. After chromatographic 
purification, all three compounds were shown to  have optimum 
yields from the 1 : I pyrrole-aldehyde reaction (Fig. I) .  

Elemental analyses of the column purified porphines from 
the I : I  molar ratio reactions confirmed the high purity of the 
compounds. 
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RESULTS AND DISCUSSION 
ACKNOWLEDGMENTS AND ADDRESSES 

These studies indicate that the optimal reaction time for the 
formation of meso-tetraphenylporphine and p-methoxy-meso- 
tetraphenylporphine from equimolar concentrations of pyrrole 
and aldehyde in propionic acid is 30 min. After the maximum 
yield was reached, the concentration of both meso-tetraphenyl- 
porphine and p-methoxy-nieso-tetraphenylporphine continually 
decreased. Adler et a / .  ( 5 ,  7) also observed maximum yields of 
meso-tetraphenylporphine after a reflux of 30 min. followed by a 
continualdecrease inconcentration. Unlike theother two porphines, 
p-methyl-meso-tetraphenylporphine had a maximum yield after 
6 hr. of reflux. Yields for the three porphine compounds were found 
to be maximum at these times for equimolar concentrations of 
pyrrole and aldehyde ranging from 0.01 to 0.10 mole in 500 
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