
PYRROLES RELATED T O  PORPHOBILINOGEN' 

G. P. ARSENAULT~ AND S .  F. MACDONALD 

ABSTRACT 
A study of the decarboxylation of pyrroles related to  5-carboxyporphobili~~ogen has led 

to  an improved synthesis of porphobilinogen, to  isoporphobilinogen, and to  other pyrroles 
required for the preparation of possible intermediates in the biosynthesis of porphyrins. 

Among the porphobilinogen derivatives which have been considered as possible 
intern~ediates in the biosynthesis of uroporphinogens from porphobilinogen are iso- 
porphobilinogen, 5-aminonzethylporpl~obilinogen (2), the carbinols analogous to these 
and to porphobilinogen, and polypyrranes. The behavior of synthetic specinlens of these 
with enzymes is pertinent to the biogenetic problem. Also, a study of isoporphobilinogen 
under conditions which convert porphobilinogen to uroporphinogens might clarify 
ill-defined assumptions relating the mechanisms of the enzymic and non-enzymic con- 
versions of porphobilinogen. 

Many projected syntheses of these postulated intermediates required pyrroles with 
one a-position free and the other bearing a potential aminomethyl group, carbinol group, 
or bridge. We had found only one route to such intermediates in the decarboxylation of 
5-carboxyporphobilinogen lactam in boiling water, a method too dependent on structure 
for its applicability in allalogous cases to be assessed other than en~pirically. Conse- 
quently, other methods were studied for decarboxylating 5-carboxypyrroles with appro- 
priate substituents in the remaining positions. 

The triethyl ester of Ia had been converted into the ester of Ic and thence into Ic 
itself (3). This last was treated with iodine in bicarbonate to yield the iodo-aldehyde If. 
Although this product was obtained only once analytically pure, the other specimens 
were otherwise undistinguished and were quite satisfactory as intermediates. The 
analytical difficulties could not be ascribed to an iodine-pyrrole con~plex (4). The iodo- 
aldehyde If was reduced catalytically to the a-free aldehyde Ilz. The carbinol (I,  Rt  = I-I, 
Rtt = CI-120H) would be expected to be very unstable (5) and has not yet been isolated 
as a reduction product of Ilz. The oxime, Ii ,  was obtained from Ih but more conveniently 
by two unexpected routes. An attempt to prepare the oxime of If led directly to Ii, 
iodine being lost; the ready dehalogenation of some iodopyrroles has been reported (4). 
This dehalogenation with hydroxylamine is of limited applicability as the triethyl ester 
of Ig survived the same treatment unchanged. An attempt to improve the conversion of 
the aldehyde Ic into its oxime Id (3) led to the third and best preparation of Ii: longer 
heating resulted in the expected oxime Id being decarboxylated to Ii. The ease of this 
decarboxylation may be unrelated to that of 5-carboxy-alkylpyrroles and of 5-carboxy- 
porphobilinogen lactam; some 5-carboxypyrromethenes also decarboxylate readily (6). 

Under carefully chosen conditions (see below and Experimental) the catalytic reduction 
of I i  gave as the sole product porphobilinogen I j ,  identified by comparison with natural 
material as such, as the hydrochloride, and as the lactam. The yield of porphobilinogen 
from the triethyl ester of Ia in four steps was 29%. On a much smaller scale our previous 
synthesis (7) had given 5% in seven steps after extensive purification. 
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( a )  R' = COOII, R" = CH3 

( b )  R' = COOH, R" = CHzBr 

(c)  R' = COOH, R" = CHO 

(i) R' = H, R" = CH=N.OH 

( j )  R' = H, R" = CH?.NHz 

( k )  R' = 13, R" = CN 

( d )  R' = COOH, R" = CH=N.OH (1) R' = COOH, R" = H 
/CN 

( e )  R' = COOH, R" = CII?.NH, ( ? l a )  R' = H, R" = CI-I=C 
\ C O O E ~  

(f) R' = I, R" = CHO ( t i )  R' = CHO, R" = CN 

(g) R' = 1, R" = COO13 (0) R' = CHO, R" = CH=C(CN)COOEt 

( h )  R' = H, R" = CHO 

HOOC.H?C.HzC 
IIOOC.HZC \ ,CH,CH,.COOII\ CH,.COOH 

L-/ 
'===I I /  

I ,  I! 
~ ~ . H 2 ~ . / > B \ c ~ i ~ A c H . . N H 2 . ~ I i r  

H 

v 

The carbinol ( I ,  R' = H,  R" = CH20I-I) was mentioned above, and routes to amino- 
methyl-porphobilinogen (I ,  R' = R" = CH2NH2) are also being explored. When the 
aldehyde group of Ih was protected by condellsation with cyanoacetic ester (S), the product, 
Im,could not be esterified. I-Iowever, the aldehyde group of the ethyl ester of Ih was similarly 
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ARSENALLT A S D  M.\cDON.XLD: PYRROLES 20-J5 

protected and the resulting ester of Im was formylated to the ethyl ester of 10 using 
dimethyl forma~nide and phosphorus oxychloride. The methyl ester of the oxime Ii, 
which fornled a stable hydrochloride, was converted into the methyl ester of the nitrile 
Ik by diinethyl forma~nide and phosphorus oxychloride under milcl conditions. Under 
more vigorous conditions the same reagents formylated the nitrile ester Ik to the ester 
of the aldehyde-nitrile Ilz. 

The structures of Ik and In were co~lfirmed by conversion into known derivatives of 
IIa: Ik into I11 and its ethyl ester, In into IIc. The  sequence implies a formally general 
solution to the problein of interconverting isomeric 3,4-dialliylpyrroles such as Ia and 
IIa. Only particular solutions had been found to this problem which was once of soine 
practical significance (0 ) .  

Both porphobilinogen and isoporphobilinogen ( I j  and IIj) had been identified by paper 
chromatography among the products obtained by heating their 5-carboxy derivatives 
(Ie and IIe) with copper acetate in aqueous pyridine (10). I-Iowever, neither had been 
isolated and in the case of porphobilinogen, our own experience with this synthesis had 
been discouraging (7). Accordingly, the synthesis of isoporphobilinogen origiilally pro- 
jected depended on the decarboxylation of IIe after acylating the primary amino group, 
a closer analogue of the easily decarboxylated 5-~arbox)~porphobilii10gen lactam being 
hardly to be expected. To  this end the ethyl ester of the aldehyde IIc, obtained from IIa, 
was converted to the ester of the oxiine IId and thence to the ethyl ester hydrochloride 
of IIe. We then turned to the following more attractive route analogous to the new 

I synthesis of porphobilinogen. The aldellyde IIc, obtained from its ester, was converted 
into isoporphobilinogei~ through IIf and IIi. We also coilverted IIf into the a'-free 
aldehyde IIh. 

The reduction of the oxime I i  to porphobilinogen, Ij, had been carried out in relatively 
dilute solution to completely suppress the formation of a by-product of unlinown structure 
and higher R, (see Experimental). Although both products sl~owecl some reactions 
espected of porphobilinogen and gave similar analytical figures, the required product 
was ideiltified through derivatives as a monohydrate corresponding to the structure Ij, 
and through coinparison with natural material, as porphobilinogen. 

The reduction of the oxi~ne I I i  to isoporphobilinogen, IIj ,  had to be carried out a t  
greater dilution than was that of Ii, to completely suppress the formation of small 
amounts of an analogous by-product which again had a higher XI. Isoporpl~obilii~ogei~ 
could be identified because it analyzed for anhydrous IIj ,  had an XI idelltical with that 
of porphobilinogen, and gave a well-characterized diethyl ester hydrochloride. 

Of the pyrromethanes related t o  porphobilinogen, only the 5,5'-free compounds are 
known (11). In two approaches to others, the ethyl ester of porphobilinogen lactam, 111, 
was condensed with the ester of Ib, and 5-carboxyporpl~obilii~ogen, Ie, was condensed 
with formic acid and hydrogen bromide to give compounds which inay be provisionally 
formulated as IV and V, although we have not yet developed methods for checliing the 
homogeneity of such pyrromethanes and pyrro~nethenes by paper chromatography. 
The inethene V was reduced to  a colorless substance which did not analyze well for 
the corresponding pyrroinethane and nihich was not converted into uroporphyrins 
enzymically (12). 

EXPERIMENTAL 

The melting points are uncorrected as taken in capillaries. The infrared spectra in 
Nujol  null and X-ray powder photographs are by Dr. R. N. Jones and M r .  R. Lauzon, 
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and by Dr. Maria Przybylslta. Paper chrornatograrns were ascending overnight runs in 
ethanol -concentrated ainnlo~lia - water (7:1:2), using an acidic pernlanganate spray (13) 
or, in the upper layer of n-butanol - glacial acetic acid -water (4:1:5), using an Ehrlich's 
spray. Such runs determining R/'s designated by "in ammonia" and "in acetic acid" 
respectively showed one spot only. Darco refers to Darco G-60 charcoal and ether, to 
anhydrous ether. The analyses on specimens dried to constant weight were by Mr. 
J.  R. H. SCguin. 

2-Fornzyl-5-carboxy-pyrrole-3-acetic acid-4-propionic acid (Ic) 
The followi~lg method has given inore consistent yields than did the earlier method (3). 

The triethyl ester of Ic (16 g) (3) and 360 in1 of absolute ethanol were added to 24 g of 
sodiu~n hydroxide in 600 in1 of water. Nitrogen was passed through while the mixture 
was warnled to solution and then ltept a t  50' for 1 hour. The orange solution was then 
concentrated to 100 in1 in a rotary evaporator a t  <40°. The red concentrate was main- 
tained below 10' while it was acidified to Congo red with 52 in1 of conceiltrated hydro- 
chloric acid. The teinperature was then raised to 25'. The product crystallized as brownish- 
pink micro~leedles (12 g) which were filtered off after 2 hour and washed with water, 
then with ether. I t  was purified by extracting into 800 rnl of acetone (Soxhlet, 5 hours, 
200 n ~ g  insoluble). The cooled acetone solution was forced by air pressure through a 
column (35 inln diarn. X6O inn1 of Darco/Celite 535 (1:l by vol.) supported on a 15-rnrn 
bed of Celite 535) which was then thoroughly washed with acetone. When the pale 
yellow eluate was concentrated to 75 rnl and cooled to 0°, 9.9 g (81%) of colorless needles 

I separated; rn.p. 241-243O (decornp., inserting a t  235'), Ehrlich test dark red on heating; 
I R "in ammonia" : 0.19. 

For analysis the product was recrystallized from acetone (Soxhlet) and dried a t  56O 
and 5X10-2 rnm. Calc. for CllH1107N: C, 49.07; H, 4.12; N, 5.20. Found: C, 49.33; 

I 1-1, 4.24; N,  5.32. 
I 2-Formyl-5-iodopyrrole-3-acetic acid-4-propionic acid (If) 

A suspension of 4.0 g of IG in 60 rnl of water and 3.0 g of I<HC03 was added to a solution 
of 9.0 g KI and 3.8 g of iodine in 60 rnl of water. After the inixture was shaken to solution 
on the steam bath, heating was continued for 1 hour while carbon dioxide was evolved 
and the color lightened considerably. A cold finger, occasionally washed down with a 
few drops of absolute ethanol, prevented the loss of iodine. The solution was cooled to 
20' and scratched. After a hour the crude product (2.9 g, m.p. 196-197' decomp.) was 
filtered off and washed with water. After two recrystallizations from 65 ml of water, 
flesh-colored needles resulted (2.6 g, 50%); n1.p. 199-200" (decomp., iodine evolved, 
inserted a t  185'); Ehrlich test slowly positive cold; Rf  "in ammonia": 0.40. 

For analysis it was dried (GO0, 1 X10-%in). Calc. for CloHIoObNI: C, 34.21; H,  2.87; 
N, 3.99; I, 36.15. Found: C, 34.28; H ,  2.94; N, 4.17; 1, 36.47, 36.04 (Schoniger), 35.97 
(Carius) . 
2- Formylpyrrole-3-acetic acid-4-propio.rzic acid (Ih) 

The iodopyrrole If (2.0 g) in 60 ml of absolute ethanol was added to 25 ml of water 
containing 776 ing of sodium acetate trihydrate and 250 mg of palladium black. The 
inixture was shaken under hydrogen (20°, 1 atm) until absorption ceased after the 
uptalte of 1 mole during 1 hour. The filtrate and aqueous washings were talten to dryness 
in a rotary evaporator (bath a t  50') and 20 in1 of water was twice added and reinoved 
in the same way. The residue was extracted with 5 ml of water and the insoluble product 
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XRSENAULT AND MACDONALD: PYRROLES 2047 

filtered off and then washed ( 2 x 1  ml). This product was dried and then extracted into 
200 ml of ether (Soxhlet, 6 1iou1-s). After the ether solution had been concentrated to 
50 rnl, yellow needles separated (970 mg, 76%); n1.p. 176-180" (decomp., inserting a t  
160"); Beilstein test for halogen negative; Ehrlich test (magenta) fast in the cold; Rf "in 
ammonia": 0.33; in ethanol, A,,, 302 111p (E = 16X103). The aldehyde CH and the 
pyrrole ring CI-I were both coilfirined by the N.M.R. spectrum.'" 

For analysis the product in acetone was decolorized by passage through a sinall column 
of Darco. The precipitate obtained from the eluate by adding ether was recrystallized 
three tiines from acetone-ether: colorless, flat needles, 1n.p. unchanged. Calc. for 
ClOHllOSN: C, 53.33; 11, 4.92; N, 6.22. Found: C,  53.G1; H ,  4.94; N, 6.12. 

2-Formylpyrrole-3-acetic acid-4-propionic acid Diethyl Ester 
The aldehyde Ih (351 mg) was warmed to  solution in 5 ml of absolute ethanol, and 

diazoethane (from 3 g of nitrosoetliylurea) in 75 1111 of ether was added to  the cooled 
solution. Evaporation left an oil which was dried in vaczto overnight and then crystallized 
by rubbing with ether. After sublimation (13s0, 5X1OP4 min) it was obtained a s  pale 
yellow crystals (353 mg, 79y0); 1n.p 47-52', softeniilg fro111 37"; Ehrlich test red in the 
cold. Tlie product of only one run crystallized and was not analyzed. 

2-Fo~mylpyrrole-3-acetic acid-4-propionic acid Oxime  ( I i )  
1/4etlzod (a )  
Hydroxylarniile hydrochloride (500 mg) was dissolved in 3 ml of water, and 2 ml of 

10% sodiu~n hydroxide was added. The aldehyde Ih (128 mg) and 1.4 in1 of this solution 
were heated on the steam bath for + hour. The cooled solution was acidified to Congo 
red with 2 drops of concentrated hydrochloric acid and cooled a t  0" for + hour; then 
the product (128 mg, 94%) was separated and washed successively with water, ethanol, 
and ether. I t  foriized colorless microcrystals; 1n.p. 210-212" (decomp., inserted a t  200") ; 
Ehrlich test slowly violet cold. The Rf "in ammonia" (0.29) and the X-ray powder 
photograph were identical with those of the products of methods (b) and ( c )  below. 

For analysis it was recrystallized four times (70% recovery) from 0.01 N NaOH/O.Ol 
N HCl and dried a t  GO0, 0.02 mm. Calc. for C~OI- I~~OSN?:  C, 50.00; H ,  5.04; N,  11.66. 
Found: C, 49.82; H, 5.11; N, 11.55. 

Method ( b )  
The iodopyrrole If (3 g), 6 g of hydroxylainine hydrochloride, 36 ml of water, and 24 1111 

of 1Oy0 sodiuin hydroxide were heated for 1 hour on the steam bath (gases evolved). 
The cooled solution was passed through a colunin of Darco (22 mm diani .xl0 mm), 
the colum~i being washed with 15 in1 of water. The yellow filtrate and washings were made 
acid to  Congo red with ca. 18 ml of 2 N HCI, then cooled to  0" for 1 hour. The product 
(1.7 g, 81y0) was separated and washed successively with water, ethanol, and ether t o  
give cream-colored crystals; m.p. 212-213.5' (decomp., inserted a t  200"); Beilstein 
halogen test negative, Ehrlich test slowly violet cold; in ethanol, A,,, 287 mp (E = 
19 x lo3). 

For ailalysis it was recrystallized from acetone (Soxhlet) and dried (GO0, 0.1 mm), 
giving cream-colored needles, 1n.p. 211-212' (decomp., inserted a t  200'). Found: C,  
49.89; I-I, 5.05; N, 11.51. 

Preparative Method ( c )  
I-Iydroxylarnine hydrocl~loride (24 g) in 144 ml of water was brought to pH 6-7 with 

' W e  are grafeful to Dr. H. J .  Bernstein for this .interpretat.ion. 
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96 1111 of 10% KaOI-I. The 5-carboxylpyrrole Ic (9 g) was added and the solution was 
refluxed (mantle) ~inder nitrogen for 7 hours in the dark. After being left a t  20" in the 
dark overnight (i~nportant),  the solution was filtered thi-ough a column of Darco (18 inin 
diam. X 40 111111, prewashed with water) and the colun~n washed with water ~ ~ n t i l  the 
eluate was colorless. The purple eluate was acidified t o  Congo red with ca. 95 ml of 2 N 
EIC1, scratched, and left a t  0" for 14 hours. The nearly colorless diamond-shaped crystals 
(6.02 g) were separated and washed successively with water, ethanol, and ether. A color- 
less product (5.29 g, GCiYO) was obtained after two recrystallizations fro111 0.1 N NaOI-I/ 
2 N I-ICI (to pI-I 3);  111.p. 210-211" (decomp., inserted a t  200"); XI "in acetic acid": 0.67. 

For analysis it was recrj stallized twice Inore in the same way and dried (GO", 0.01 mm). 
Found: C, 49.85; I-I, 5.33; N, 11.80. 

2-Fornzylpyrrole-3-acetiG acid-/,-propionic acid Dzmetlzyl Ester Ox ime  
X solution of 2 g of the oxime I i  in GO ml of 5y0 hydrogen chloride in methanol was 

ltept a t  0" overnight and then talten to dryness in vaczro below 20" in a rotary evaporator. 
T o  the residue dissolved in 100 1111 of water, 4 1111 of 2 N NaOII was added. After f hour 
the red-brown precipitate was separated, mashed with water, dried (weight: 2 g),  and 
extracted into 750 1111 of ether (Soxhlet, 2 hours). The light brown extract was filiered 
through a column of Darco (18 mm diam. X 16 mm). The colorless eluate and ether wash 
were concentrated to 15 ml, and 50 ml of n-pentane was added with scratching. The color- 
less needles which separated (1.86 g, 83%) were washed with pentane; m.p. 130-133"; 
Beilstein halogen test negative; Ehrlich test slowly red colcl; in ethanol, A,,, 285 mp 
( E  = 2 0 x 1 0 ~ ) .  

For analysis it was recrystallized twice froin methanol-water (6570 recovery) and 
dried (20°, 0.01 mm), 111.p. 131-135". Calc. for C1?HlCO5K\;?: C ,  53.72; I-I, 6.01; N, 10.44; 
OMe, 23.14. Found: C, 53.86; I-I, 5.84; N, 10.53; OMe, 22.88. 

2-Formylpyrrole-$acetic acid-4-propionic acid Dimetlzyl Ester Oxzme Hydrochloride 
A solution of 201 mg of the oxinle I i  in 6 1111 of 5Yo hydrogen chloride in methanol was 

ltept a t  0" for 3 hours and then talten to  dryness a t  20"; 6 1111 of nlethanol was thrice 
added and renloved in the same way. The residue was slurried with 10 1111 of chlorofornl 
and the pink crystals (181 mg, 71%) filtered off, i11.p. 160-164" (decomp., inserted a t  
150") ; Beilstein halogen test positive; Ehrlich test very slowly violet cold. 

For analysis it was twice precipitated from ~nethanol by ether a t  20" and dried (25", 
1 X10-4 mm), giving colorless needles (35Yo recovery), 111.p. 162-164" (decomp., inserted 
a t  150"). Calc. for CIJ-11605N2.HC1: C, 47.29; I-I, 5.62; N,  9.19; C1, 11.64; OMe, 20.37. 
Found: C, 47.43; 1-1, 5.65; N, 9.05; C1, 11.44; Ol Ie ,  20.22. 

2-Aminomethylpyrrole-3-acetic acid-4-propionic acid (Porphobi l inoge?~,  I j )  
A suspension of 5 g of the oxinle I i  and 2 g of palladium black in 100 ml of water was 

shaken under hydrogen a t  room teillperature and pressure until absorptioi~ ceased after 
the uptake of 2 llloles in about 2 hours. After the addition of 5 ml of concentrated amnlonia 
to dissolve the product, filtration through paper (Whatman No. 5) gave a yellow solution. 
After bringing its pH to 7 with glacial acetic acid this solution was filtered through a 
column of alumina (Woelm, neutral, prewashed with water, 18 mm diam. X 50 mru) and 
the column washed with water until the Ehrlich reaction of the eluate was faint. The 
eluate (400 ml) mas concentrated to 100 ml in a rotary evaporator (oil pump, baths 
25-30" and ice-salt). The concentrate was acidified to  PI-I 4.5 with glacial acetic acid 
with scratching, quickly cooled, and kept a t  0" for 4 hours. The product, after being 
washed successively with water, ethanol, and ether, formed buff-colored, barrel-shaped 
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plates (3.2 g,  G3% as the monohydrate) ; m.p. 174-1'77' (decomp., iilserting a t  1G7') ; 
Ehrlich reaction rapidly positive cold. I ts  X, "in acetic acid" (0.49) and its infrared mull 
spectrum were identical with those of natural porphobilinogen. 

The S- ray  powder photograpl~ was identical with that of porpl~obilinogen synthesized 
over the lactam (7). Between these photographs and that  of natural material there were 
differences in the relative intensities of 3 lines among 30. These tlifferellces are not con- 
sidered significant because the nat~11-al porphobilil~ogel~ was photographed only as received, 
when its infrared mull spectrum showed a gross anomaly, ~111lil;e the spectrum of the 
same material after recrystallization as  the hydrocl~loride and then as  the base. 

The synthetic porphobilinogen also agreed with natural lllaterial ill the following 
respects:'"l) the q~~an t i t a t i ve  Ehrlicl~ reaction; (2) paper electrophoresis a t  111-1 2.4, 4.4, 
6.6, and 10.4; (3) the ~lroporphyrin mistures (examined by paper clu-omatography after 
conversion to  coproporp11y1-ins) fornled by the self-condensation of the porphobilinogen 
a t  various pI-1's; (4) the el~zymic conversion t o  uroporphyrin. 

For analysis it was recrystallized fi-on1 0.7 N ammonia - glacial acetic acid and dried 
(20°, 0.01 mm).  Calc. for ClotIl.10.4N~I~-I~O: C, 49.17; I-I, 6.60; N, 11.47. Found: C ,  48.88; 
PI, 6.87; N ,  11.41. 

Porp l~ob i l inogen  Lactanz 
This s).nthetic porphobilinogen was converted illto the lactam (j2Y0) by the method 

of Cooltson and liimington (14) as  colorless 11esagor1a1 plates, Ehrlich test fast cold. 
For :unalysis it was recrystallized from water (Soxhlet) and dried (20°, 0.01 m m ) ,  

m.p. 281-283' (decomp., inserted a t  270'). I t  was idelltical with the lactain from natural 
porphobilinogen b l ~  the following criteria: infrared mull spectrum, S - r ay  powder photo- 
graph, and R, (0.G3 "in acetic acid"). Calc. for CloI-IlzOaN2: C, 57.68; I-I, 5.81; N ,  13.46. 
Found: C ,  5'7.13; 11, 5.77; N,  13.35. 

P o r ~ h o b i l i n o g e ~ ~  Hydroc l~ lor ide  
This synthetic porphobilinoge~i was converted illto the monohydrate of the hg~lro- 

chloride (597;) by the method of Cooltson and Iiimington (14). 
For analysis it was recrystallizecl from 2 N l~ydrochloric acid, dried (2 hours, 20°, 

0.01 mm) ,  and then exposed to air overnight to  give faintly pinlt microneedles giving an 
I.Ii. inull s p e c t r ~ ~ ~ n  and X-ray powder photograph identical with those of the natural 
1~ydrochlo1-ide. Calc. for CloI-11.10.1N2.1-IC1.1~: C, 42.78; I-I, 6.10; N,  9.98; C1, 12.63. 
Found: C, 43.01; EI, 5.98; N,  9.89; C1, 12.44. 
A by-product of the reduction of the oxime I i  to porphobilinoge~~ was initially very 

ti-oubleso~ne. The formation of this by-product, lilte that of porphobilinogen, was accom- 
pal~ied by the uptake of 2 moles of hydrogen. The  ratio of the two products was inde- 
pendent of the hydrogen pressure but  the by-product was favored by higher oxiine 
concel~trations and by recluctioll in dilute ammonia rather than in water. For example, 
100 mg of the oxime wit11 the cata1)-st in I ml of 1.5 N ammonia (1 atm of hydrogen) 
gave the by-product and a trace of porphobili~~ogen; in 25 ~ n l  of 0.7 N alnmollia (1 atm or 
120 atm of hydrogen) or in 1 ml of 0.7 iVacetic acid ( I  atm of hydro gel^), porpl~obilinogen 
and a trace of by-product resulted. 

The by-product analyzed much lilte the porphobilinoge~~ monohyd~-ate, gave a positive 
Ehrlich test cold, gave uroporphyrins with hot 2 N hydrochloric acicl, and formed a 
hydrochloride. I-Iowever, it gave no lactam by the method of Coo1;son and Rinlington (14) 

" W e  are indebled lo Dr .  J.  J .  Scoll a?sd lo Professor L. Bogorad for lh,c lesls willz etrz)rt,les, and  lo Dr .  D .  
il6aztrerall Jor Lhc ol l~er  tcsls. 
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and it  differed from porphobilinogen in its XI (0.66 "in acetic acid"), in its X-ray powder 
photograph, and in the infrared mull spectra of both the base and hydrochloride. 

For analysis it was recrystallized from 1.5 N ammonia -acetic acid and dried (20°, 
1 X10-4 mm) to  give colorless hair-like rnicrocrystals, m.p. 178-181" (decornp., inserted 
a t  166"). Calc. for C10H1405N2: C, 49.58; 13, 5.83; N,  11.57. Found: C, 49.68; H.  6.31; 
N, 11.05. 

2-(w-Cyano-w-carbethoxy-vinyl)-pyrrole-3-acetic acid-4-propionic acid Diethyl Ester (Ethy l  
Ester of I m )  

The ethyl ester of the aldehyde Ih  (the crude oily product from 351 mg of Ih  and 
ethereal diazoethane) was heated for $ hour on the steam bath with 200 mg of ethyl 
cyanoacetate, 5 ml of absolute ethanol, and 2 drops of 25y0 aqueous methylamine. The 
crude product, which separated on cooling and scratching, was recrystallized from 
ethanol, giving 297 mg (Sly0), m.p. 108-110". 

For analysis it  was recrystallized four times from ethanol (goy0 recovery) and dried 
(GO", 0.01 mm), giving yellow microneedles; m.p. 111-112" (softening from 105"); Ehrlich's 
test blue hot; insoluble in cold ethanol. Calc. for C19H2406N2: C, 60.62; H,  6.43; N, 7.44. 
Found: C, 60.91; H, 6.50; N,  7.34. 

The acid Im was prepared analogously from Ih using aniline as the catalyst. I t  formed 
yellow crystals from ethanol; m.p. 191-194" (decornp., inserted a t  180"); soluble in hot 
acetone; insoluble in refluxing ether. Attempts to esterify it  with 5y0 ethanolic hydrogen 
chloride and with ethereal diazoethane failed. 

d-(~-Cyano-w-carbethoxy-vinyl)-5-formylpyrrole--acetic acid-4-propionic acid Diethyl Ester 
(Ethy l  Ester of l o )  

The ethyl ester of Im (247 mg), suspended in 0.428 ml of dimethyl formamide, was 
treated with 0.070 ml of phosphorous oxychloride (10% excess) and heated to  solution 
on the steam bath, then for 10 minutes longer. Water (15 ml) containing 573 mg of sodium 
acetate trihydrate was added t o  the cooled solution. After the mixture was scratched 
and allowed to stand $ hour, the brownish-yellow product separated. I ts  solution in 
10 rnl of chloroform was filtered through a colulnn of alumina (Woelm neutral grade IV, 
8 mm diam. X 20 mm). The residue left on evaporating the eluate was recrystallized 
from ether -n-pentane and then from ethanol-water, giving yellow needles (137 mg, 
52y0), rn.p. 107-109". 

For analysis it  was twice recrystallized from ethanol-water (65y0 recovery) and dried 
(56", 5X104 mm), m.p. 110-111". Calc. for C20H2407N2: C, 59.40; H ,  5.98; N,  6.93. 
Found: C, 59.35; H ,  5.79; N,  6.99. 

2-Cyanopyrrole-3-acetic acid-4-propionic acid Dimethyl Ester (Methyl  Ester of I k )  
The dimethyl ester of I i  (500 mg, 1.87 mmoles) was warmed to solution in 0.67 rnl of 

dimethyl for~namide (previously distilled over phosphorus pentoxide). This solution was 
shaken vigorously a t  -15" while 0.19 1111 (2.06 mmoles) of phosphorus oxychloride was 
added slowly, then left a t  20" for 2 hour. The mixture was treated with 1.125 g (8.3 
mmoles) of sodium acetate trihydrate in 5 1111 of water, diluted to 25 ml with water, and 
scratched; light brown crystals (394 mg) then separated. These were extracted into 200 
ml of ether (Soxhlet, 1 hour), the solution was filtered through a colulnn of Darco (8 n11n 
diam. X 15 mm), and the colulnn was washed with ether. The colorless eluate was con- 
centrated to 10 ml. Crystallization was induced by scratching and co~npleted by evapora- 
ting more ether while adding n-pentane. The product (344 mg, 74y0) formed colorless 
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ARSENAULT AND MncDONALD: PYRROLES 2051 

glittering crystals, Ehrlich test faintly rose hot. I t  exists in two forms, m.p. 81-83' and 
103-106", either of which might separate from solution or lnelt and which gave identical 
infrared mull spectra (nitrile band a t  2240 cm-l). The U.V. spectrum in ethanol, A,,, a t  
256 mp (E = 12X103) and 235 mp (E = 8X103), with no absorption a t  280-290 mp, 
showed that the oxilne was absent. 

For analysis it  was twice recrystallized from ether - n-pentane (74y0 recovery) and 
dried (20°, 0.01 mm), m.p. 80-82" (softening from 75"). Calc. for C12H1404N2: C, 57.59; 
H,  5.64; N,  11.20; OMe, 24.80. Found: C, 57.40; H ,  5.62; N, 11.35; OMe, 24.64. 

2-Carboxypyrrole-3-acetic acid-4-propionic acid (II l )  
The dimethyl ester of the ilitrile Ik (102 mg) in 4 ml of lOyo sodium hydroxide and 

enough ethanol (about 2 ml) to effect solution was heated on the steam bath for 6 hours 
while nitrogen was bubbled through it and its volume maintained a t  4 ml by the occasional 
addition of water. The cooled solution was passed through a column of Ainberlite IR-120 
(wet hydrogen form, 16 g) and the column was washed with water until the eluate gave a 
negative Ehrlich test cold. The residue left on taking the eluate to dryness in a rotary 
evaporator (bath a t  45") was extracted by 5x15-ml portions of boiling acetone. The 
extract was filtered and concentrated to 5 ml, 20 ml of ether was added, and alnorphous 
mauve-colored impurities were filtered off a t  once. When the filtrate was scratched, the 
product (55 nlg, 56%) crystallized as nearly colorless rectangular plates; m.p. 183-184' 
(decomp., inserted a t  165"), undepressed by authentic material derived from the ester of 
IIa (lit. 178" (3)); Ehrlich test quicltly bluish-red cold. The R, "in ammonia" (0.16) 
was identical with that of authentic material. 

I 2-Carboxypyrrole-3-acetic acid-4-propionic acid Triethyl Ester 
The acid (from the ester of Ik) with diazoethane in ether gave the product as colorless 

needles; Ehrlich test slowly bluish-red cold; m.p. 51-52.j0, undepressed by authentic 
material (lit. 51-52" (3)). The  two specimens also gave identical infrared mull spectra 

I and X-ray powder photographs. 
I 

2-Cyano-5-formylpyrrole-3-acetic acid-4-propionic acid Dimethyl Ester (Ester of I n )  
The ester of the nitrile Ik (200 mg, 0.8 mmole) was dissolved in 0.4 ml of dimethyl 

formamide (previously distilled over phosphorus pentoxide), and 0.1 ml (1.1 minole) of 
phosphorus oxychloride was added. The solution was heated for 25 minutes on the steain 
bath in an open vessel and cooled to 20°, and 592 mg (4.4 mmoles) of sodium acetate 
trihydrate in 2.5 in1 of water was added. The suspended oil crystallized after the solution 
was scratched. After the volume of the mixture was made up to 8 ml with water, the buff- 
colored precipitate was filtered off and washed with water. The dried precipitate (134 mg) 
was dissolved in 125 in1 of boiling ether and the cooled solution filtered through a c o l ~ ~ m n  
of Darco (8 mm diam. X 10 mm). The colorless eluate was concentrated to 2 rill, crystalli- 
zation was induced by scratching, and the product (112 nlg, 50y0) was filtered off and 
washed with 1 ml of ether and then with n-pentane. I t  formed colorless plates; 1n.p. 
113-116" (softening froin 90"); Ehrlich test slowly brown hot; infrared band a t  2255 
cm-I in Nujol mull; in ethanol, A,,, 294 mp ( E  = l9X1O3). I t  can be distilled a t  160°, 
1 X10-5 mm. 

I For analysis it  was recrystallized from ether and twice dried (20" and 1 X10-"mm, 
then 100" and lX10-3 mm), giving colorless plates, 111.p. 113-115". Calc. for C131-I14o6N:: 
C, 56.11; H,  5.07; N, 10.07. Found: C, 55.87; H ,  4.98; N, 9.99. Specimens dried a t  20°, 
softened from about 100°, and analyzed as  a hydrate containing 3H20. 
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2-Carboxy-5- fornzylpyrrole-3-acet ic acid-4.-propionic acid ( I I c )  
( a )  From the T ~ i e t h y l  Ester of I a  via the Dintethyl Ester of I n  
This was carried out before the ester of In had been obtained crystalline. The crude 

oily ester of In (obtained as above by adding aqueous sodiunl acetate after reacting the 
ester of Ik with dimethyl formamide and phosphorus oxychloride) was hydrolyzed for 
G hours on the steam bath in 10% sodium hydroxide. After passage through Anlberlite 
IR-120 (hydrogen form), the solution was evaporated to dryness. The solution of the resi- 
due in acetone was decolorized by filtration through a colurr~n of Darco and was then 
taken to dryness. Adding ether to the residue induced the product to crystallize. This 
showed a single spot on paper cl~romatograpl~y and gave an infrared nlull spectrum, 
X-ray powder pl~otograpl~, and Rf ("in ammonia" but descencli~lg for 70 hours to ensure 
the absence of 111) identical with those of authentic material obtained ultimately from 
the ester of I Ia  by metllod ( b )  below. 

( b )  Preparative AJ~>thod (Jrovz the Triethyl Ester of I I a  via the Trietlzyl Ester of I I c )  
The triethyl ester of IIc  (3) (IG g) was hydrolyzed to  I Ic  just as the ester of Ic was to 

Ic. The crude product (red crystals, 9.3G g) was extracted into acetone and passed through 
Darco to give 7.34 g (60%) of cream-colored crystals; 111.p. 234-238' (decomp., inserted 
a t  225") ; Ehrlich test slowly brownish-red cold; Rf "in ammo~~ia"  identical with that of Ic. 

For analysis it was recrystallized from acetone (Soxhlet) and then a t  <50° from 
water and then dried a t  25' and 1 XlO-"mm to give pink radiating needles. Calc. for 
C111-IlL07N: C ,  49.07; E I ,  4.12; N, 5.20. Founcl: C ,  43.97; FI, 4.38; N, 5.14. 

2-I~ormyl-5-iodopyurole-3-p1'opionic acid-.{-acetic acid ( I I f )  
The preparation of IIf froill 4 g of I Ic  followed that of If from Ic. The buff-colored 

crystalline crude product (1.89 g),  111.p. 221-222' (decomp., introduced a t  200°), was 
twice recrystallized from 110 1111 of water. The product (l.4G g, 28y0) formed yellow 
needles; 111.p. 221-224" (decomp., iodine evolved, introduced a t  200'); Ehrlich test slowly 
positive cold; Rf "in ammonia" identical with that  of I f .  

For analysis acetone solutio~l was decolorized by filtration through a small c o l u ~ ~ l n  
ol Darco. The precipitate, obtained from the eluate by adding hexane, was recrystallized 
four times fl-om xvater kund dried (5G0, 1 X lopk mm) ,  giving colorless needles, m.p. 215-220' 
(decomp., iodine evolved, introduced a t  200'). Calc. for CloI-Ilo05NI: C, 34.21; EI, 2.87; 
K, 3.09; I ,  36.15. Found: C, 34.35; F I ,  5.12; N, 3.90; I ,  36.24. 

2-Formylpyrrole-3-pvopionic acid-4-acetic acid ( I I h )  
The iodopyrrole IIJ (500 mg) in 24 ml absolute ethanol was added to 194 mg sodium 

acetate trihydrate in 1G 1111 of water, and the s o l u t i o ~ ~  was shalten fol- I hour under 
l~ydrogen (20°, 1 atm) with 125 mg of palladium blncli. The filtrate and aqueous washi~lgs 
from the catalyst were taken to  dry~iess in a rotary evaporator (bath temp. 45'), then 
5 ml of water was twice added and reinoved in the same way. The I-esidue was extracted 
into 75 ml of ether (Soxhlet, 6 hours). The residue left on evaporating the ether was 
dissolved in 15 nll of boilillg acetone. This solution was filtered through a columll of 
Darco, the eluate concentrated to 5 ml, and the colorless product (175 mg, 55%) precipi- 
tated by the addition of 20 ml of ether. 

For analysis it was recrystallized twice fro111 water (33% recovery) and dried (56', 
1 X10--I lnm) to give colorless needles; m.p. 178-182' (decomp., inserted a t  160') ; Beil- 
stein test for halogen negative, Ehrlich test rapidly red cold; Rf "in ammonia" identical 
with that of its isomer Ih. Calc. for C101-11105N: C, 53.33; I-I, 4.92; N,  6.22. FOUILC~: C, 
53.50; 4.82; N, G.25. 
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ARSESAULT AND M.\cDOS.ZLD: PYRROLES 2053 

This preparation could presu~nably be improved by using the methocl later developed 
for Ill,, that is, by washing the crude product with water before extracting into ether. 

2-Fornzyll>yrrole-3-puopio~zzc acid-4-acetic acid Oxime ( I I i )  
I-I~~clrosylami~~e hyclrochloride (2 g) was dissolved in 12 ml of water and 8 ml of 10% 

NaOI-I added (111-1 6-7), then 1 g of the iodopyrrole IIf. The solutio~l \vas heated on the 
steam bath for 1; hours (gas evolved), coolecl to 20°, brought to 111-1 3 with concentrated 
hydrochloric acid, and then left overnight a t  0'. The precipitate (403 mg) was separated, 
washed with a little water, then pentane, and dissolvecl in 4 1111 of boiling water. Left a t  
20' overnight, the solutioll deposited buff-colored crystals (366 mg, 54%) ; 111.p. 178-180' 
(decornp., insertecl a t  160'); Ehrlich test very slowly blue cold; Beilstein halogen test 
negative. The Rf "in ammonia" (0.33) was exceptional in that it differed fro111 that  of 
the isomeric I i  (0.29). 

For a~lalysis it was recrystallized fro111 water and dried, giving buff-colored crystals, 
m.p. ilnchanged. Calc. for CloI-Il?OjN2: C, 50.00; EI, 5.04; N,  11.66. Found: C, 49.76; 
PI, 4.89; N, 11.36. 

This product appears to remain in supel-saturated aqueous solutions more than does 
its isomer I i  and to be more strongly retained on Darco. Paper chromatography indicated 
that it \vas the sole product when IIc was treated as in the conversio~l of Ic to I i  by 
method (c), but the isolatioll of the I I i  res~ilting by this method has not been worliecl out. 

2-Aminonzet1cylpyrrole-~ropio~z. ic  acid-4-acetic acid (isoporp1zobili~zogen, I I j )  
The osinle I I i  (125 n ~ g )  and 250 nig of pallacliu~n blaclr were shalien ullcler hydrogen 

(20°, 1 atln) with 250 11x1 of redistilled water until absorption ceasecl after the uptake of 
2 moles in 2 hours. The catalyst uras f ltered off (Whatman KO. 1 paper) and the filtrate 
concentrated to 20 ml in a rotary evaporator (baths a t  30" and 0"). The pink solution, 
after the pI-I was b1-0~igllt to  7, was filtered through an alumina coli~mn (Woelm, neutral, 
8 rnm dianl. X 20 mm,  prewashed with water), which was then washed \vith water i~ntil  
the eluate gave a very faint Ehrlich test in the cold. The eluate (50 ml) was concentrated 
in a rotary evaporator (baths a t  30" and 0') to about 0.5 ml. ;After the adclition of 0.7 N 
amnzonia, the PI-I was brougl~t to 4-5 wit11 glacial acetic acid (volume of solution now 
< 2  ml). After the solution was scratchecl, it was left a t  0' for S hours. The prodi~ct 
(83 mg, 70%) was separated ant1 washed with a little water to give colorless needles; 
m.p. 192-195' (decomp., inserted a t  180'); Ehrlich test rapidly red cold; R/ "in acetic 
acicl" identical xvith that  of pol-phobilinogen. I t  was also characterized bl- its X-ray 
powder photograph and infrared mull spectrum. 

For analysis it was recrystallized from 0.7 iV ammonia -glacial acetic acid and dried 
(20°, 0.01 mm). Calc. for CIoI-lldO.ITC:?: C,  53.09; I-I, 6.24; N, 12.38. Foi~nd:  C, 52.92; 
EI, 6.29; N,  11.96. 

Isoporfikobilin~ogen Diethyl Ester I3ydrocl~loride 
A solution of 51 mg of isoporpl~obilinogel~, IIj ,  in 2 ml of 57; Ilyclrogen chloriclc in 

ethanol was left a t  0" overnight. The colorless solution was talien to dryness in  vac~~o  
below 20' and 1. ml of ethanol nras three times added and removed as above. The procluct 
crystallized on adding ether and seeding, giving (j(5 1ng (92%) of colorless neeclles; n1.p. 
97-98.5"; Ehrlich test rapidly red cold; soluble in water ancl in ethanol. I t  was also 
characterized by its X-ray powder photograph and infrared mull spectrum. 

For analysis it was recrystallized from eth;unol-ether (recovery S8y0) and clried (20°, 
0.01 mm) ,  1n.p. 99-100'. Calc. for C1,~I-IraO~NrCI: C, 52.74; I-I, 7.27; N, 8.79; C1, 11.12. 
Found: C, 52.68; I-I, 7.24; N, 8.63; C1, 1l.03. 
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2- Formyl-5-carboxypyrrole-3-propionic acid-4-acetic acid Triethyl Ester Oxime (Ethyl Ester 
of I I d )  

Hydroxylamine hydrochloride (122 mg) in 0.6 ml of water was added to  42 mg of 
sodium in 10 ml of ethanol and the precipitate was filtered off and washed with ethanol. 
The filtrate and 500 mg of the ester of IIc (3) were refluxed for 3 hour. The cooled solution 
was poured into 175 ml of ice water. After being left overnight a t  0°, the product (435 mg, 
83%) was filtered off and washed with water, leaving colorless needles, 1n.p. 104-109". 

For analysis it was twice recrystallized from aqueous ethanol (65Yo recovery) and dried 
(57', 1 X10-4 mm), m.p. 107-112°softeilii~g from 103" (lit. ( lo) ,  88'). Calc. for C17H2407N2: 
C, 55-43; H ,  6.56; N, 7.61. Found: C, 55.31; I-I, 6.38; N, 7.79. 

2-Aminomethyl-6-carboxypyrrole-3-~ropionic acid-4-acetic acid Triethyl Ester Iiydro- 
chloride (Ester Hydrochloride of IIe) 

The ethyl ester of IId (476 mg) was shalceil under hydrogen (20°, 1 atm) with 100 mg 
of palladium black, 50 in1 of absolute ethanol, and 0.25 ml of concentrated hydrochloric 
acid until the uptake of hydrogen ceased (3$ hours, 2 moles talcen up). The filtered solution 
was concentrated to 5 ml in  vacuo, and 50 ml of ether was added. Scratching induced the 
separation of the product (386 mg, 76%) as colorless crystals; 1n.p. 147.5-149'; soluble 
in 2 N I-IC1; Ehrlich reaction positive hot. 

For analysis it  was recrystallized from ethanol-ether (recovery 93%) and dried in vacuo 
a t  90°, m.p. 147.5-149.5'. Calc. for C17H2706N"C1: C, 52.33; H,  6.96; N, 7.17; C1, 9.07. 
Found: C, 52.44; I-I, 6.93; N, 6.99; C1, 8.73. The m.p. of the free ester has been reported 
as 185' (10). 

Porphobilinogen Lactam Ethyl Ester (111) 
Porphobilinogen lacta~n (100 mg) (7) was left for 5 hours in 8% ethanolic hydrogen 

chloride a t  20'. The solvent was removed in  vacuo, then more ethanol was added and 
removed in the sallle way. When the residue was crystallized from 3 ml of hot ethanol, 
two crops of the product were obtained as tan irregular plates (66 mg, 58Y0), m.p. 239-244' 
(decomp., inserting a t  230'). Calc. for C I ~ I - I ~ G N ? ~ ~ :  C, 61.00; H ,  6.83; N, 11.86. Found: 
C, 60.99; I-I,7.23; N ,  12.01. The ester was also prepared from the lactam with diazoethane 
in ether-ethanol. 

5-Aminomethyl-6'-carboxypyrromethane-4,S'-diacetic acid-3,4'-dipropionic acid Lactam 
Tetraethyl Ester (I V) 

The ethyl ester of porphobilinogen lactam (111, 47.6 mg) and the ethyl ester of Ib 
(83.7 mg) (15) were heated for 40 minutes on the steam bath with 1.7 ml of anhydrous 
sodium acetate in acetic acid (100 mg in 10 ml). Water (4 ml) was added slowly and the 
mixture heated nearly to  a clear solution, then cooled slowly. When a few crystals had 
separated, the volume was brought to 20 ml with hot water. The nearly colorless amor- 
phous product (81 mg, 70%) was separated from the cooled solution. At about 170' i t  
either melted or changed to  crystals, 1n.p. 181-186'. 

For analysis it was extracted by ether (thimble) in which it is very slightly soluble, 
giving colorless ~nicroprisins which a t  170' sintered and changed to  needles, m.p. 185-189' 
(hot stage). Calc. for C29H39N30g: C, 60.72; H, 6.85; N, 7.33; Found: C, 60.93; H, 6.85; 
N, 7.21. 

The assigned structure is consistent with its U.V. spectrum in ethanol: mininlum a t  
254 mp and E = 15.5X103 a t  the 281 mp maximum. Compare the spectrum of the 
hexaethyl ester of 5,5/-di~arboxypyrromethane-3~3~-diacetic acid-4,4/-dipropionic acid 
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( E  = 30.8X103 a t  283 n ~ p  (maxi~num); no minimum) and of the ethyl ester of porpho- 
bilinogen lactam (no ~naxi~nunl  but  a rise toward 210 mp). 

Condensation of 5-Carboxyporphobilinogen wi th  Formic Acid 
5-Carboxyporpl~obilinoge~~ (7) (500 mg), Ie, was heated on the steam bath for + hour 

with 5 1111 of 98% forinic acid and 2.5 1111 of hydrogen bromide (30% in acetic acid). 
The cooled solution was scratched after the addition of 10 ml of acetic acid then ltept a t  
0" for 1 hour. The crystalline product, for~llulated as V (472 mg, 72y0), was washed with 
acetic acid, then ether, and twice recrystallized from for~llic acid - acetic acid (1:4). 
After being dried overnight a t  20" in vacz~o over sodium hydroxide, the product (57% 
recovery) fornled orange microneedles, decon~posi~lg on heating. Calc. for C211-IzsOaN4Br3: 
C, 35.76; 13, 4.14; N, 7.95; Br, 34.00. Found: C, 36.07; 14, 3.94; N, 7.49; Br, 33.08. 

Adding three equivalents of sodiu~n hydroxide to a solution of the hydrobromide in 
water precipitated yellow plates, which did not analyze for the free base of the pyrro- 
methene; m.p. about 275" (decamp.); Beilstein halogen test negative. Calc. for C21H26- 
08N4: C,  54.54; EI, 5.67; N,  12.12. 1;ound: C, 52.08; I-I, 6.26; N, 14.68. 

After the hydrobromide was reduced in dilute sodium hydroxide with sodium amalgam, 
acetic acid precipitated initially colorless crystals which, after recrystallization, did not 
analyze well for the pyrromethane. Calc. for C21132aOaN4: C, 54.30; H,  6.08; N, 12.06. 
For C~l1~1~80aN~.C21-1~02: C, 52.67; EI, 6.15; N, 10.68. Found: C, 52.84; H ,  6.30; N, 10.33. 
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