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immediately. Within a few minutes the sodium salt of the 
dipyrrylmethane had dissolved. The flask was allowed to 
stand overnight and the product isolated in the usual 
manner; yield, 210 mg. of crude material which after two 
crystallizations from hexane melted at 125°; no depression 
with methane X X I I I , m. p. 129°. 

C. Condensation Reaction in Dioxane. '—Five hundred 
and fifteen milligrams (0.00123 mole) of methane X X I I 
was dissolved in 10 cc. of dioxane and treated with 0.00123 
mole of sodium triphenylmethyl. After the first drop of 
reagent had been added, the blue fluorescence noted above 
appeared. As the addition progressed the solution be­
came cherry-red and finally deep violet. No precipitate 
was deposited. After ten minutes the flask was removed 
and the contents poured into water. The violet color dis­
appeared leaving a yellow ether-benzene layer with a blue 
fluorescence. The mixture was warmed to remove the 
ether and benzene, cooled, filtered and the yellow solid 
extracted with hexane, leaving 430 mg. of a yellow powder 
which melted at 150-192°. After crystallizing twice from 
ethanol the compound melted at 203-204°; yield, 300-400 
rag. 

Anal. Calcd. for CoH24N2O6: C, 64.50; H, 6.49; 
mol. wt., 372. Found: C, 64.46, 64.44; H, 6.40, 6.43; 
mol. wt., 388, 369, 379 (b. p. elevation in chloroform). 

When the violet solution was treated with dimethyl 
sulfate, the deep color disappeared immediately but the 
compound isolated from the reaction was identical with 

Previous papers of this series3 have developed 
the fact that certain pyrrole-carbon single bonds 
which can cleave to give stable resonating sys­
tems are rapidly split by acid at room tempera­
ture and below. Brunings and Corwin4 extended 
this study with the observation that, under even 
milder conditions, it is possible to cleave a pyrryl-
carbon bond belonging to the resonating system 
of a pyrrole pigment. This observation provides 
a starting point for the systematic study of pyrrole 
pigments which may be of significance with re­
spect to the catabolic processes which these sub­
stances undergo in biological systems. The con­
version of hemoglobin to bile pigments and the 

(1) Studies in the Pyrrole Series, X. Paper IX1 Corwin and 
Ellingson, T H I S JOURNAL, 64, 2098 (1942). 

(2) A portion of this paper is taken from the doctoral dissertation 
of Karl J. Brunings. The Johns Hopkins University, 1939, and was 
presented at the Baltimore Meeting of the American Chemical Society 
in April, 1939. 

(3) Corwin and Andrews, T H I S JOURNAL, 38, 1086 (1936); 
Andrews and Corwin, ibid., 59, 1973 (1937); Paden, Corwin and 
Bailey, ibid., 62, 418 (1940). 

(4) Brunings and Corwin, ibid., 64, 593 (1942). 

that prepared above. Evidently this material shows a 
resistance to methylation similar to that of methane XII . 

Summary 

1. I t is shown that a standardized solution 
of sodium triphenylmethyl may be used to titrate 
for active hydrogens. 

2. This reagent is inert to ester groups, C-Br 
links and most CH groups. 

3. The > CH-CO- linkage is active to sodium 
triphenylmethyl. 

4. The reagent permits a check upon possible 
condensations by regeneration of the starting 
material. 

5. A dipyrrylmethane with a bridge hydrogen 
acidic to sodium triphenylmethyl has been dis­
covered. 

6. Titration followed by methylation has been 
used to confirm the structures of a number of 
dipyrryimethanes. 

7. A method for specific, selective methyla­
tion of bifunctional weak acids is presented. 

8. A new pyrrole condensation is recorded. 

BALTIMORE, MARYLAND RECEIVED M A T 28, 1942 

problem of the reactions causing varying sequences 
of substituents on naturally occurring porphyrins 
are examples of fundamental biological processes 
which may be elucidated by studies upon the 
stability of variously substituted pigments. This 
paper reports a study of an even readier cleavage 
of a pyrrole pigment system than that previously 
discussed. 

Our earlier papers show that attempts to pre­
pare mono-N-methyldipyrrylrnethenes by the 
condensation of pyrryl aldehydes with a-free pyr­
roles yield either symmetrical N-free methenes or 
products which have not been identified. That 
this peculiarity is not due to the impossibility of 
preparing an N-methyl methene was demon­
strated by the preparation of 1,3,5,i/,3',5'-hexa-
methyl-4,4'-dicarbethoxydipyrrylmethene salts 
(I).4 Among the reactions generally used in di 
pyrrylmethene synthesis, the oxidation of dipyr 
rylmethanes would appear to be the most reliable 
for preparing and establishing the structures of 
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these pigments. This method was successful in 
the preparation of methene I. 

To study mono-N-methylmethane bromination 
on a comparable system, l,3,5,3',5'-pentamethyl-
4,4'-dicarbethoxydipyrrylmethane (IV, Chart I) 
was prepared by the unsymmetrical condensation 
of the N-methylated and NH a-free pyrroles II 
and III (Chart I) with formaldehyde. The meth­
ane was then brominated under the conditions 
that had successfully produced the di-N-methyl 
methene (I). Instead of the expected mono-N-
methylmethene (XIII, Chart II) the symmetrical 
di-NH-methene (V) was obtained in about 60% 
yield based on the amount of NH-pyrrole ring in 
the starting methane (IV). Investigation of 
the mother liquor showed that l,3,5-trimethyl-2-
bromo-4-carbethoxypyrrole (XI, Chart II) was a 
by-product of the reaction. It was then found 
that by using only one-half mole of bromine with 
one mole of methane a practically quantitative 
yield of pure crystalline di-NH-methene (V) was 
obtained. Di-N-methyl dipyrrylmethane (VII) 
was isolated from the mother liquor. The di-NH-
methene (V) obtained by this anomalous reaction 
may be prepared in quantitative yield by the bro­
mination of the corresponding di-NH-methene 
(VI). These reactions are given in Chart I. 

The possibility that the dipyrrylmethane (IV) 
might be a mixture of the unmethylated and di-N-
methylated methanes (VI and VII) was excluded 
by bromination of actual mixtures of the two sym­
metrical methanes and by a thorough investiga­
tion of the structure of this compound.1 Any 
explanation based on the removal of the methyl 
groups from the nitrogens is excluded by the isola­
tion of the di-N-methyl methane (VII) and N-

methyl-a-bromopyrrole (XI) as by-products of 
the half-molar and molar brominations, respec­
tively, and by the quantitative yield based on 
the amount of NH-pyrrole in the starting meth­
ane. 

Assured then of the structure of the starting 
dipyrrylmethane and the stability of the methyl 
groups on the nitrogens, it is apparent that a 
cleavage of the C-C bond (IV, a or b) takes 
place. The motivating force of the reaction is sup­
plied by the hydrobromic acid. Realizing the pos­
sibility of acid cleavage, a score of oxidation reac­
tions in neutral and basic medium were tried 
in an effort to obtain the mono-N-methylmethene. 
In every case either no reaction occurred or the 
methane was degraded to products no longer 
identifiable as pyrrole derivatives. On the other 
hand, acidic oxidizing agents of low activity, 
e. g., formic acid or oxygen and mineral acid, are 
capable of giving the reaction. The rate and com­
pleteness of the reaction depend both on the oxi­
dizing agent and the strength of the acid. For 
example, air in the presence of hydrobromic acid 
gives a low yield of the methene (V) at a slow rate, 
while the bromination gives a 75% yield in less 
than five minutes. The rate of bromine con­
sumption is too fast to measure with accuracy by 
ordinary techniques. Chlorination results in a 
rather complete and very rapid reaction but the 
rate of appearance of the methene is slow. 

Cleavage of a dipyrrylmethene system to pyr­
role fragments has been shown to take place as a 
by-reaction in the bromination of the di-N-methyl-
methane (VII) to the corresponding methene 
(I) in paper VI of this series. Evidence was pre­
sented there to show that the steric interference 
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of the methyl groups on the nitrogens reduces the would be considerably less, the lack of symmetry 
stability of the methene system. Although the in the Kekule" resonance forms would also lead to 
steric interference between the methyl group and a decrease in the stability of the dipyrrylmethene 
the hydrogen in the mono-N-methylmethene system. Finally, the possibility of the pyrrole 

C1H5OOC] 

H,d 
I 

II 

CH3 

VII* 

CH3 C33-3n 

CH, 1 

COOC2H6 

CH, 

1 

Br2 
L-CH-I 

•NT/ ! \NT 
CH3 Br CH; 

VII I* 
HBr 

-CH= 
.N , 
CH; 
I 

CH 8
+ Br-

1 CH2-

CH8 

IV 

\ N / 
CH3 

X 

VN/ Br2 

H 

jJCHO •<-
H2O 

I1CHBr2 

N / 
CH, 
IX 

JE-CH b 

+ 
\ N / 

C H 8 . 

Br2 
Brii 

II 
CH, 
XI 

CH3 Br 
XI I 

3 

\ * 
H 

N N / 
CH3 

XII I 

-CH= 

HBr 

I1CHBr2 

v N / 
CH3 

+ „1 J 
\ N / 

H j 
I X (Set Y) I I I 

" \ N / 
H + B r -

I1CH2Br 
\ N / 

CH8 

XIV 

\ N / 
CH3 

Jl CH 2-

H 
BrIx \ N / 

H 
XV (Set Z) 

s N y 

H 

BrIl 
v N / 

H 

HBr 

v N / 
CH3 

XVI 

-CH-
v N / 
H 

HN 

-CH= 
\ N / 
H 

6 
• 

HBr 

I 

H +Br-

+ 
1I ii U 

CH5 

H 

\ M / 
- C H = = . 

•N/ 

CH3 

XII I 

v N / 
H + B r -

+ 

HBr 

X N 
L H 

-CH-
v N / 

CH3 

XVI 
HN 

HBr 

I CH= 
v N / 

H 

+ HlI J) v-sK \ N / 
H + B r " CH8 

L N L " 
CH1 

-CH2-
v N / 
H 

+ \ N / 
C H 

CHBr2 
HBr 

CH5 

- C H = = . \ N / 
H^Br" 

+ 
I I 
\ N / 

CH 
XIV 

CH2Br 



Sept., 1942 REARRANGEMENTS OF PYRROLE RINGS IN OXIDATION OF DIPYRRYLMETHANES 2109 

A and B 

CH, 

^1CH2Br + •u 
CH8 

9 U-
CH3 

BrT-*" 

- C H 2 1 I 
CH3 

BrI J (One t 

CH8 
XI 

CHART II . 

+ HBr (Half molar bromination) 

(One molar bromination) 

* The substituents present in the 3, 4 and 5 positions of compound VII are understood to be present on all the re­
maining pyrrole rings of the chart. 

fragments forming insoluble crystalline end-prod­
ucts might be expected to bring about complete 
cleavage by disturbance of the equilibria. 

Fischer and Riedl6 have demonstrated acid 
cleavage of two unsymmetrical dipyrrylmethanes 
under non-oxidizing conditions, and thus the pos­
sibility of cleavage of the methane by hydro-
bromic acid produced in the early stages of the 
reaction must also be considered in formulating 
a mechanism for the anomalous bromination 
of mono-N-methyldipyrrylmethane IV. This 
alternative may be shown to be untenable by tests 
on the stability of the methane in the presence of 
hydrobromic acid under conditions considerably 
more drastic than those of the bromination. 
In order to test for cleavage products the methane 
dissolved in alcohol was boiled with formaldehyde 
in the presence of both hydrochloric and hydro­
bromic acids. If the bonds a or b were broken 
under this treatment, a-free pyrrole II or III 
would result. Since both the NH- and N-methyl-
pyrroles condense with formaldehyde to produce 
dipyrrylmethanes, the mono-N-methylmethane 
would disproportionate to the di-NH- (VI) and 
the di-N-methyl- (VII) methanes. Such a dis-
proportionation was not observed. 

The di-NH-methene and N-methylpyrrole frag­
ments are also obtained when the mono-N-methyl­
methane is treated with formic acid in the presence 
of hydrobromic acid. This reaction might be 
formulated as resulting from a condensation of 
formic acid with the a-free pyrrole produced by 
acid cleavage, a standard methene condensation. 
However, it can be shown that this explanation is 
not valid, since formic acid will not condense with 
the a-free NH-pyrrole under the conditions of the 
reaction. These experiments show that the cleav­
age does not occur on the methane and thus oxi-

(51 Fischer and Riedl, Z. Physiol. Chem., 207, 200 (1932). 

dation of the methane must be the initial reaction 
of the bromination. 

The extremely fast rate of the reaction and the 
failure of all methods intended to stop the reac­
tion after the initial bromination make isolation 
of NH-intermediates in the formation of the di-
NH-methene (V) impossible. However, in the 
case of the bromination of the di-N-methylmeth-
ane (VII), previously referred to,4 the pyrrole 
fragments resulting from cleavage are actually 
isolated in addition to the expected di-N-methyl-
methene from the normal oxidation. Moreover, 
this reaction lends itself to careful study and 
evidence has been presented4 to show that the 
cleavage does not occur on the methene salt but on 
an intermediate in the bromination. The chemi­
cal and physical properties of the sterically hind­
ered methene suggested that the covalent dipyr-
rylmethyl bromide (VIII, Chart II) is the inter­
mediate in the reaction. The steps involved in the 
cleavage of the di-N-methylmethane are given in 
the first series of reactions in Chart II. 

If one assumes that the cleavage of the mono-
N-methylmethane proceeds analogously to that of 
the di-N-methyl system, the problem of setting up 
a mechanism becomes one of finding established 
reactions involving the pyrrole derivatives which 
may be present in the bromination solution and 
which will produce the di-NH-methene (V) and 
the N-methylated by-products. Two alternative 
mechanisms, A and B, are described in the second 
series of reactions in Chart II. Reactions 1, 2 and 
3 of this series are identical with those of the di-N-
methyl system in the first series. Cleavage of the 
dipyrrylmethyl bromide (XII) is postulated to 
occur at bond b to give the a-dibromomethyl pyr­
role (IX) and the a-free pyrrole (III) (Set Y), 
since cleavage at bond a would yield pyrrole frag­
ments which cannot condense according to known 
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reactions to produce the products obtained in the 
bromination. 

One mole of bromine cleaves two moles of the 
methane in the over-all reaction, and, therefore, 
one of the cleavage products must react with the 
starting methane (IV). In mechanism A this 
reaction is preceded by a disproportionation of the 
primary cleavage products (Reaction 4) to yield 
a-bromomethylpyrrole (XIV) and the a-bromo-
pyrrole (XV) (Set Z). Reactions of this type 
have not been studied as yet in the pyrrole series 
since dihalomethyl derivatives are very difficult to 
prepare. However, it is reasonable to assume that 
the intermediate bromopyrrole would be a very 
good brominating agent and it can be shown that 
the a-free pyrrole brominates with extreme rapid­
ity. The reaction between the mono-N-methyl-
methane (IV) and the a-bromopyrrole (XV) (Re­
action 5) can be carried out under the conditions 
of the bromjnation to give a quantitative yield of 
the di-NH-methene (V) with a rate which is com­
patible with that of the bromination. In analogy 
to similar reactions in the pyrrole series it is rea­
sonable that this reaction should have tripyrryl-
methane (XVI) as an intermediate. The cleavage 
of this tripyrrylmethane with hydrogen bromide 
(Reaction 6) has also been carried out under com­
parable conditions3 to give the expected methene 
(V) with both the rate and the yield in agreement 
with those of the bromination. The N-methyl 
a-free pyrrole (II) has been isolated from both 
reactions. 

The fundamental reaction of the alternative 
mechanism B is the condensation of the primary 
cleavage product, the a-free pyrrole (III) and 
the rnono-N-methyldipyrrylmethene (XIII) (Re­
action 7) to yield the di-NH-methene (V) through 
the tripyrrylmethane (XVI). Since the methene 
(XIII) has not been isolated, this reaction could 
not be imitated. However, the condensation 
lias well-established analogies in the pyrrole series 
and its mechanism has been thoroughly worked 
out.3 As described above, Reaction 6 may be 
carried out under conditions of the bromination. 
The reactions thus far account for only one-half 
of the yield of the di-NH-methene and, therefore, 
another oxidation of the starting methane must 
occur. The dibromomethylpyrrole (IX) is the 
only oxidizing agent remaining and thus Reaction 
8 is postulated to provide an additional mole of 
mono-N-methylmethene which then reacts ac­
cording to the preceding scheme, leading to a chain 

mechanism. This reaction is without analogy in 
the pyrrole series for the reasons mentioned above. 
However, the oxidizing action of this type of di­
halomethyl derivative can be demonstrated by the 
reaction between 2-dichloromethyl-3,5-dicarbeth-
oxy-4-methylpyrrole and the mono-N-methyl-
methane (IV) which again yields the anomalous 
di-NH-methene. This reaction is very slow and 
incomplete, a behavior which might be predicted 
on the basis of the effect of the carbethoxy groups 
on the pyrrole ring. 

Common to both mechanisms (A and B) is the 
final reaction 9 which accounts for the isolation of 
the di-N-methylmethane (VII) from the bromina­
tion reaction. The isolation of the a-free pyrrole 
from the formic acid oxidation and the incomplete 
yield of the di-N-methyl methane from the bromi­
nation are in agreement with the generally slow 
rate of this methane condensation. 

Essentially, the question as to which of these 
two proposed mechanisms is the correct one be­
comes a problem of determining whether the a-free 
pyrrole (III) or the starting methane (IV) reacts 
more rapidly with the dibromomethylpyrrole 
(IX). Lacking the dibromomethylpyrrole, a 
selection between the two mechanisms can only 
be made on indirect evidence. No difference in 
bromination rate of the pyrrole and methane 
could be found by the techniques at our disposal, 
both reactions going to completion in less than 
five seconds. It is significant, however, that in 
the cleavage of the di-N-methyl system, a-free 
pyrrole is never isolated. This is easily inter­
preted by assuming that the rate of bromination 
(fit) of the pyrrole is faster than that of the meth­
ane (ki). It must be pointed out, however, that 
the comparative rates of bromination may depend 
upon the type of brominating agent in question 
and thus might be reversed in going from bromine 
to a-dibromomethylpyrrole. 

Strong positive support is given mechanism A 
by the low yields obtained when one mole of 
bromine per mole of methane is employed. In 
mechanism A the formation of methene depends 
on the presence of unoxidized starting methane 
(Reaction 5), while in mechanism B the methene 
is formed from the oxidation intermediate (XIII) 
and one of its cleavage products (Reaction 7). 
Therefore the use of an extra half mole of bromine 
should either give no methene or at least a greatly 
diminished yield if mechanism A is valid. Accord­
ing to mechanism B, however, one molar bromina-
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tion should not affect the yield of methene but 
rather the state of oxidation of the pyrrole frag­
ments. Actually, the yield is depressed almost 
a half and a considerable amount of unidentifiable 
by-product is obtained. The fact that a 60% 
yield of the methene is obtained instead of one 
mole of a-bromomethylpyrrole (XIV) and one 
mole of the a-bromopyrrole (XV) may be ac­
counted for by the rapidity with which the bromo-
pyrrole-dipyrrylmethane condensation (Reaction 
5) takes place. 

Until the mono-N-methylmethene can be pre­
pared and its properties studied, the validity of 
either one of these mechanisms cannot be uniquely 
established. It is possible, of course, that both 
mechanisms operate, the importance of each de­
pending on the conditions under which the 
bromination is carried out. As indicated above, 
dibromomethylpyrrole derivatives are unknown 
and a study of their properties would do much 
toward elucidating the present unusual reaction. 

The anomalous course of the bromination of 
the mono-N-methylmethane must destroy our 
confidence in the absolute reliability of this syn­
thetic method as a proof of the structure of di-
pyrrylmethenes. In order to determine whether 
this anomalous reaction is in any way general for 
unsymmetrical methanes, a series of dipyrryl­
methanes6 was subjected to bromination. Of 
those tried, one other example, the 1,4,3',5'-
tetr amethy 1 -3,5,4'- tr icarbethoxydipyrry lmethane 
(XIX, Chart III) was observed to give the sym­
metrical methene (V). Bromination of the di-
NH-methene (XVII) of the corresponding con­
figuration gave a normal result, while the methane 
having a methyl group on the other pyrrole ring 

(6) Corwin and Quattlebaum, THIS JOURNAL, 64, 922 (1942). 

yielded unidentifiable products. The reactions 
are given in Chart III. 

The oxidation of unsymmetrical dipyrrylmeth­
anes has not been extensively employed as a 
method of preparing dipyrrylmethenes. How­
ever, in a few cases the method has been applied7,8 

successfully to give normal results. On the basis 
of the studies made on the mono-N-methyl and 
the di-N-methyl systems,4 it may be stated that an 
anomalous course of the methane bromination 
may be looked for whenever there is reason to 
believe that the corresponding methene will be 
unstable. Unfortunately, no reliable criteria 
exist for predicting the stability of dipyrryl­
methenes. The three examples which have been 
shown to be subject to acid cleavage all contain 
methyl groups on the nitrogens and it has been 
shown that the steric interference of these groups 
gives rise to a reduction in the stability of the di-
pyrryl systems. Lack of symmetry and the elec­
trical effect of groups on the pyrrole rings are 
other factors which must be considered in pre­
dicting the stability of dipyrrylmethenes but 
their use must await an orderly correlation of the 
physical and chemical properties of the many 
dipyrryl systems now available. 

The authors wish to express their appreciation 
to the Rockefeller Foundation which has sup­
ported a portion of this investigation. 

The junior author also wishes to acknowledge 
a grant-in-aid from the Hynson, Westcott and 
Dunning Fund. 

Experimental Section 
Preparation of !^,S.S'.S'-Pentamethyl-^'-dicarbeth-

oxydipyrrylmethane (IV).—A solution of 20 g. of 1,2,4-
(7) Fischer and Adler, Z. physiol. Chem., 200, 220 (1931). 
(8) Fischer and Baumler, Ann., 168, 74 (192U). 
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trimethyl-3-carbethoxypyrrole (II) in 100 cc. of alcohol 
and a solution of 20 g. of 2,4-dimethyl-3-carbethoxypyrrole 
(III) in 100 cc. of alcohol are mixed in a 500-cc. Erlenmeyer 
flask and 28 cc. of formalin added. After the temperature 
has been raised to 45D, 10 cc. of concentrated hydrochloric 
acid is run in. The temperature is kept below 60° by 
cooling the flask from time to time in running water. 
After standing in the cold for several hours, 40 g. of crude 
product is filtered from the mixture and washed with cold 
50% alcohol-water. The material is then refluxed in 50% 
alcohol-water for one hour and again filtered. Recrystal-
lization of the precipitate from alcohol yields 30 g. of large 
crystalline plates, melting irreversibly at 178-179°; yield, 
75%. Mixed melt with mono-N-methyldipyrrylmethane 
prepared by Dr. R. C. Ellingson by a different method,1 

178-179c. 
One Molar Bromination of Mono-N-methyldipyrryl­

methane (IV).—A solution of 100 mg. of the mono-N-
methylmethane (IV) in 10 cc. of dry carbon tetrachloride is 
placed in a 25-cc. Erlenmeyer flask; 0.05 g. of bromine dis­
solved in 0.5 cc. of carbon tetrachloride is added quickly 
while the flask is vigorously twirled. The mixture is 
allowed to stand several hours in the cold to ensure com­
plete precipitation and then filtered; 35 mg. (58% of the 
theoretical) of yellow methene-like needles is obtained. 
This material on treatment with concentrated ammonia 
and subsequent recrystallization from hexane-benzene 
yields long red needles, melting with decomposition at 189-
190°. Mixed melt with 3,5,3',5'-tetramethyl-5,5'-dicar-
bethoxydipyrrylmethene (V), 189-190° with decomposition. 
Reduction of the original product with palladium-hydrogen 
gives the dipyrrylmethane corresponding to the configura­
tion of di-NH-methene V. 

Isolation of l,3,5-Trimethyl-2-bromo~4-carbethoxypyr-
role (XI) from the One Molar Bromination of Mono-N-
methyldipyrrylmethane IV.- The mono-N-methylmethane 
(1.5 g.) is dissolved in 150 cc. of dry carbon tetrachloride 
and placed in a 250-cc. Erlenmeyer flask; 200 cc. of water 
containing 20 g. of potassium carbonate is placed in a 
separatory funnel and 0.61 g. of bromine dissolved in (I. I 
cc. of carbon tetrachloride is then run into the methane 
solution quickly and the flask shaken for thirty seconds. 
The mixture is poured immediately into the separatory 
funnel containing the potassium carbonate solution and 
shaken vigorously for several minutes. The carbon tetra­
chloride layer, which is highly colored, is drawn off and 
dried with anhydrous potassium carbonate. A chromato-
graph is then prepared using a six-inch column of activated 
alumina (150-200 mesh) as adsorbent. The solution is 
passed through the chromatograph developing a bright 
yellow band of di-NH-methene V on the alumina. In 
addition to the yellow band of the di-NH-methene another 
red band develops indicating an additional methene as by­
product. After 200 cc. has been collected, a new receiver 
is used and additional carbon tetrachloride is passed 
through until a second fraction of 200 cc. is collected. The 
first fraction is evaporated to dryness and leaves 125 nig. of 
fine white needles which melt at 54-55°, decompose with 
gas evolution at 145-150° and give no depression with N-
methyl-a-bromopyrrole (XI).4 The second fraction gives 
a larger amount of solid with a yellow tinge. On warming 
Io about 00° the whole mass turns blood red. If ihe mix­

ture is not warmed but recrystallized more a-bromopyrrole 
may be isolated. This behavior is indicative of the pres­
ence of another compound. Since the two pyrroles must 
be equivalent in state of oxidation to a dipyrrylmethene, 
the accompanying compound is assumed to be the a-
bromomethylpyrrole (XIV, see Chart II) . A highly 
colored third fraction gives a resinous solid which has not 
been identified. 

Half-Molar Bromination of Mono-N-methyldipyrryl­
methane IV.—The methane (1.5 g.) is dissolved in 300 cc. 
of dry carbon tetrachloride and brominated according to 
the directions given above using 0.37 g. of bromine in 3.7 
cc. of carbon tetrachloride; 850 mg. of fine orange-yellow 
needles is obtained. When submitted to the tests de­
scribed in the one molar bromination the product is shown 
to be di-NH-dipyrrylmethene V. The yield is 96% of the 
theoretical based on the amount of NH-pyrrole in the 
starting methane. 

Isolation of 1,3,5,r,3',5'-Hexamethyl-4,4'-dicarbethoxy-
dipyrrylmethane (VII) from the Half Molar Bromination.— 
The mother liquor of the above reaction is evaporated in a 
suction flask at room temperature. The resinous residue-
is taken up in about 25 cc. of dry hexane, decolorized with 
Norite A and allowed to crystallize. On repeated recrys­
tallization a colorless compound is obtained; m. p. 156-
157°. Mixed melt with l,3,5,l',3',5'-hexamethyl-4,4'-
dicarbethoxydipyrrylmethane 156-157 °. 

Oxidation of Mono-N-methyldipyrrylmethane IV with 
Formic Acid and Hydrobromic Acid.—A solution of 500 
mg. of mono-N-methylmethane IV in 100 cc. of carbon 
tetrachloride is placed in a 250-cc. glass-stoppered Erlen­
meyer flask. After the solution has cooled to room tem­
perature 0.2 cc. of formic acid and 5 cc. of aqueous (45%) 
hydrobromic acid is run in. The flask is then stoppered, 
wired and placed on a rotary shaker for four hours. At the 
end of this time the precipitate of red needles is filtered; 
yield, 200 mg. The precipitate is ground in a mortar with 
concentrated ammonia. The free base thus formed is 
recrystallized from hexane-benzene; m. p. (dec.) 190 '; 
mixed melt with di-NH-dipyrrylmetheue (V) (free base) 
190° (dec.). 

Reaction of Formic Acid with 2,4-Dimethyl-3-carbeth-
oxypyrrole (III).—The a-free pyrrole (III) (230 mg.) is 
dissolved in 100 cc. of carbon tetrachloride and placed in a 
250-cc. Erlenmeyer flask; 0.1 cc. of formic acid and 5 cc. of 
aqueous hydrobromic acid (45%) are run in as above. 
After four hours of shaking, no crystals are noted and the 
color of the solution remains light yellow. On heating to 
40 c and shaking, the reaction mixture does not change 
color. If the solution is heated to 65° the solution turns 
deep red, and on cooling a crop of fine red needles is 
obtained. The product is the expected di-NH-methene 
IV). 

Isolation of l,2,4-Trimethyl-3-carbethoxypyrrole (II) 
from Formic Acid Oxidation of Mono-N-methyldipyrryl­
methane IV.—The mono-N-methyl methane (500 mg.) is 
treated with formic acid and hydrobromic acid in the man­
ner described above. After the methene is filtered off, 
the carbon tetrachloride solution is shaken with saturated 
sodium bicarbonate solution, separated and filtered. The 
filtrate is then evaporated to dryness in a filter flask at 
room temperature. When the residue appears dry, the 
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filter flask is fitted with a cold finger and the suction con­
tinued while the filter flask is warmed to 60-70° on a 
water-bath. A heavy coating of N-methyl-a-free pyrrole 
(II) sublimes onto the cold finger; m. p. 61-62°; mixed 
melt with N-methyl-a-free pyrrole (II) , 61-62 °. 

Chlorination of Mono-N-methyldipyrrylmethane IV.—A 
solution of chlorine in carbon tetrachloride is prepared by 
bubbling chlorine slowly through dry carbon tetrachloride. 
The resulting stock solution is stored over calcium chloride 
in a glass-stoppered Erlenmeyer flask. Just before using, 
the solution is standardized using excess potassium iodide 
and titrating with 0.1 N thiosulfate solution. The solution 
used in the present experiment is 0.56 N. 

A solution of 100 mg. of dipyrrylmethane IV dissolved in 
10 cc. of dry carbon tetrachloride is placed in a 25-cc. 
Erlenmeyer flask and 1.1 cc. of 0.56 N chlorine-carbon 
tetrachloride (1 mole plus 10%) is added quickly. The 
solution turns red immediately and then gradually a 
deep brown. After fifteen minutes fine yellow needles 
begin to separate; precipitation is complete after standing 
four hours in the cold. Yield of the di-NH-dipyrryl-
methene (V) hydrochloride is 35 mg. or 70% of the theo­
retical. 

Rate of Bromine and Chlorine Consumption in the 
Bromination and Chlorination of Mono-N-methyldipyrryl­
methane IV.—The following standard solutions were pre­
pared: (1) 0.0055 M mono-N-methylmethane IV in carbon 
tetrachloride; (2) 0.0284 N bromine in carbon tetrachlo­
ride; (3) 0.028 N chlorine in carbon tetrachloride; (4) 
0.0300 N thiosulfate solution. 

Approximately 1 g. of potassium iodide was dissolved in 
20 cc. of concentrated acetic acid in a 50-cc. glass-stop­
pered Erlenmeyer flask; 10 cc. of the 0.0055 M mono-N-
methylmethane solution was pipetted into a 50-cc. glass-
stoppered Erlenmeyer flask. To this solution 3.9 cc. of the 
0.0284 A: bromine solution (1 mole) was added quickly, the 
flask shaken vigorously for five seconds and the potassium 
iodide solution added immediately. The flask was shaken 
again and the resulting solution titrated with 0.0300 AT 

thiosulfate solution, using starch as an indicator; 3.0% of 
the bromine remained, indicating 97% consumption in five 
seconds. A series of experiments gave values ranging 
from 96-100% consumption of bromine in five seconds. 

A similar experiment was run using 11.7 cc. of the stand­
ard bromine solution (3 moles). The reaction was termi­
nated after five seconds as described above. Titration with 
standard thiosulfate solution showed that 92% of 2 moles 
of bromine had been consumed. 

Identical rate measurements were made on the di-N-
methyldipyrrylmethane (VII) and the corresponding di-
NH-methane (VI). No difference could be observed be­
tween the rates of bromine consumption of the di-N-
methyl and the mono-N-methyldipyrrylmethanes. A 
slightly slower rate was observed in the case of the di-NH-
methane. An accurate difference could not be ascertained 
with the methods at our disposal but the difference could be 
qualitatively reproduced in a series of experiments. 

The rate of chlorine consumption by the mono-N-
methylmethane was studied in an analogous manner. 
Titration for chlorine after five seconds reaction time gave 
a blank in a series of experiments. The rate was thus too 
fast to measure by this technique. 

The rate of bromination of the a-free pyrrole (III) has 
been measured by other workers9 in this Laboratory and 
found to be similar to that of the mono-N-methylmethane. 

Behavior of Mono-N-methylmethane IV with Respect to 
Neutral and Alkaline Oxidation.—As mentioned in the 
theoretical part of this paper, many attempts were made to 
carry out the oxidation of the mono-N-methylmethane IV 
in neutral or basic medium using different reagents under 
different conditions. In order to test the applicability of 
the methods to general methene synthesis, every reaction 
was run on 3,5,3',5'-tetramethyl-4,4'-dicarbethoxydipyrryl-
methane (VI). All results on the mono-N-methylmethane 
(IV) were negative. The most interesting of the reagents 
tried was neutral permanganate which, when applied to the 
di-NH-methane, gives a good yield of very pure dipyrryl-
methene in the form of its free base. This method appears 
to be the best so far developed for preparing the free base 
of the di-NH-methene V in a high state of purity. 

Oxidation of 3,5,3',5'-Tetramethyl-4,4'-dicarbethoxy-
dipyrrylmethane (VI) by Means of Potassium Permanga­
nate.—The methane (150 mg.) was dissolved in 50 cc. of 
pure acetone in a 100-cc. Erlenmeyer flask fitted with a re­
flux condenser. (The acetone used in this reaction was 
obtained by refluxing commercial acetone for four hours 
over potassium permanganate.) 100 mg. of C. p. potassium 
permanganate was dissolved in the smallest amount of dis­
tilled water possible. The acetone solution was brought 
to a boil, the potassium permanganate solution added, and 
the mixture refluxed for five minutes. The reddish purple 
solution containing manganese dioxide was then filtered 
through asbestos; 125 mg. of the di-NH-methene (V) free 
base was obtained from the highly colored solution by 
rapid evaporation of the acetone. This material may then 
be recrystallized by dissolving in very little acetone, adding 
a small amount of water and allowing to stand overnight. 
I t may also be recrystallized in the usual manner from 
hexane-benzene; m. p. (dec.) 190°. 

The amount of potassium permanganate used in the 
above experiment was fixed by trial. The use of smaller 
amounts resulted in an impure product containing starting 
material; the use of larger amounts lowered the yield 
considerably. By following the pR of the reaction by 
means of a pit meter it was found that the pK rose rapidly 
to 13 and beyond when the methane solution and per­
manganate were mixed. By passing a stream of carbon 
dioxide through the reaction mixture, the pH could be 
maintained between 8 and 9. The reaction proceeded in 
this case much more slowly and considerably less per­
manganate was necessary. The product was of high purity 
but the yields were not so satisfactory as in the reaction 
just described. By using large excesses of permanganate 
and extending the reflux time, the methane was entirely 
converted to water soluble, colorless products. 

When this technique was applied to the mono-N-
methylmethane (IV) a white, crystalline product which 
was coated by a yellowish oil was obtained. On purifica­
tion this product was found to consist largely of starting 
material. 

Although many trials were made, no modification could 
be found whereby the expected methene could be prepared. 
Starting material was always obtained in decreasing 

(9) Corwin and co-workers, unpublished work. 
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amounts with the use of large excesses of potassium per­
manganate. On the basis of work by Sackur and Tae-
gener10 it was hoped that the use of a calculated amount of 
potassium permanganate in slightly alkaline solution 
would provide the methene. The results were disappoint­
ing since no reaction took place with increasing sodium 
hydroxide until a point was reached where the solvent it­
self was oxidized. In such cases the methane was com­
pletely destroyed. 

Attempted Basic Bromination of Mono-N-methyldi­
pyrrylmethane (IV).—A solution of 2.5 g. of potassium 
hydroxide dissolved in 100 cc. of methyl alcohol was cooled 
to —10°; 2 g. of mono-N-methylmethane (IV) was dis­
solved in 200 cc. of carbon tetrachloride and placed in a 
500-cc. three-necked flask equipped with a stirrer and 
dropping funnel. The methene solution was then cooled 
in a salt-ice mixture and stirring begun. The potassium 
hydroxide solution was poured into the flask and 0.9 g. of 
bromine dissolved in 25 cc. of carbon tetrachloride was 
added by means of the dropping funnel. After all the 
bromine solution had been added the stirring was con­
tinued for two hours. At the end of this time the solution 
had a bright yellow tinge. The solvent was evaporated off 
and water added to dissolve the potassium hydroxide. 
The yellowish residue after one crystallization proved to be 
the starting material; 2.25 g. was recovered. Warming 
the solution had no effect. 

Formaldehyde Test on the Cleavage of the Mono-N-
methyldipyrrylmethane in the Presence of Hydrobromic 
Acid.—The methane (500 mg.) was dissolved in 30 cc. of 
alcohol. To the solution 0.7 cc. of formaldehyde and 2 cc. 
of 4 5 % hydrobromic acid were added. The solution was 
refluxed for one hour and the flask set aside to cool. The 
methane was precipitated by pouring the solution into cold 
water and filtering. The precipitate was dried and then 
refluxed with 66% alcohol. The mixture was filtered and 
the residue recrystallized from alcohol; yield, 425 mg. of 
beautifully white crystals; m. p. 178-179° (irreversible); 
mixed melt with starting methane, 178-179°. The 
filtrate (66%) alcohol was evaporated down and a small 
precipitate obtained (50 mg.) which melted at 161—162°; 
mixed melt with starting methane 170-174° (irreversible). 

The same treatment, was carried out in boiling carbon 
tetrachloride solution with the same results. It was 
assumed, therefore, that an appreciable cleavage of the 
methane under the influence of acid in boiling solvent does 
not take place. 

Bromination of an Equimolar Mixture of the Di-NH-
dipyrrylmethane (VI) and Di-N-methyldipyrrylmethane 
(VII). - T h e di-NH methane (VI) (250 mg.) is dissolved in 
500 cc. of dry carbon tetrachloride by refluxing until the 
solution becomes clear. 275 mg. (1 mole) of di-N-methyl-
methane (VII) is then added. After the methane has 
completely dissolved, the solution is allowed to cool to 
room temperature and 0.16 g. of bromine dissolved in 1.6cc. 
of dry carbon tetrachloride is run from a 10-cc. buret. The 
flask is then placed in an icebox overnight. The solution 
on filtering yields 380 mg. of red crystals covered with an 
appreciable amount of red oil. The crystals are treated 
with water which dissolves out the red oil (di-N-methyl-
methene). Weight of the dried crystals is 370 mg. or 

(10) rtackur and T a t ^ n r r , /.. V.Ukit<„h.m , 18, 71S dftlL'). 

85.4% of the theoretical based on one molar bromination 
of the di-NH-methene. The free base of the methene 
melts at 190° (dec). 

At the same dilution the yield of the di-NH-methene on 
half molar bromination of mono-N-methylmethane is 96%. 
The experiment shows that formation of these two meth­
anes by cleavage of mono-N-methylmethane and recom­
bination of the cleavage products to give a mixture of the 
two symmetrical methanes cannot account for the anoma­
lous bromination of mono-N-methylmethane. 

The apparent contradiction between the results of this 
experiment and those obtained from the preliminary rate 
studies, indicating a more rapid bromine consumption by 
the di-N-methylrnethane than by the di-NH-methene may 
be explained by the greater stability and insolubility of the 
di-NH-methene. These factors tend to shift the equi­
librium of the dipyrrylmethenes and their cleavage prod­
ucts in favor of the di-NH-methene. 

Condensation of Mono-N-methyldipyrrylmethane (IV) 
with 2-Bromo-3,5-dimethyl-4-carbethoxypyrrole (XV) (Re­
action 5 Chart II).—The mono-N-methyldipyrrylmethane 
(360 mg.) is dissolved in 100 cc. of carbon tetrachloride. 
After cooling the solution to room temperature gaseous 
hydrogen bromide is passed in for one-half minute. A 
solution of a-bromopyrrole (XV) in carbon tetrachloride 
(250 mg. in 25 cc. of carbon tetrachloride) is run into the 
methane solution. After standing in the cold four hours, 
the solution on filtering yields 400 mg. of red crystals. 
The free base melts at 190° (dec.) and gives no depression 
with di-NH-methene (V); yield, 95%. Evaporation of 
the mother liquor yields N-methyl-a-free pyrrole. 

Comparative Rates of Methene Formation in Mono-N-
methyldipyrrylmethane-a-Bromopyrrole Condensation 
(Reaction S) and Dipyrrylmethane Bromination.—A solu­
tion of 180 mg. of methane (IV) dissolved in 20 cc. of dry 
carbon tetrachloride (A) and a solution of 100 mg. of the 
methane (IV) in 15 cc. of dry carbon tetrachloride (B) 
were prepared in separate 50-cc. Erlenmeyer flasks. Dry, 
gaseous hydrogen bromide was then passed through each 
for thirty seconds. To solution A, 45 mg. of bromine 
dissolved in 0.5 cc. of carbon tetrachloride was added and 
the flask stoppered; 123 mg. of a-bromopyrrole (XV) in 5 
cc. of carbon tetrachloride was then added to solution B, 
Each solution was allowed to stand for five minutes and 
then filtered. Solution A gave 70 mg. of the di-NH-
methene (V) or 6 5 % of the theoretical. Solution B yielded 
165 mg. of methene (V) or 77% of the theoretical. Thus it 
could be shown that the condensation was a feasible reac­
tion in the bromination. 

Cleavage of 1,3,5,3',5',3",5"-Heptamethyl-4,4',4"-tricar-
bethoxytripyrrylmethane (XVI) by Hydrogen Bromide 
under the Conditions of the Bromination of the Mono-
N-methyldipyrrylmethane (IV) (Reaction 6).—A solu­
tion of 100 mg. of the tripyrrylmethane (XIV) is pre­
pared in a 50-cc. Erlenmeyer flask. Dry, gaseous hydro­
gen bromide is then passed through the solution for thirty 
seconds. After five minutes the solution is filtered; 75 mg. 
or 90% of the theoretical yield is obtained. Evaporation 
of the mother liquor yields N-methyl-a-free pyrrole (II). 

Oxidation of Mono-N-methyldipyrrylmethane (IV) by 2-
Dichloromethyl - 4 - methyl - 3,5 - dicarbethoxypyrrole.—A 
solution of LSO mg, of the methane (IV) in 5 c c of rectified 
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dioxane is prepared in a 25-cc. Erlenmeyer flask. To this 
solution is added 160 mg. of the dichloromethylpyrrole dis­
solved in 5 cc. of rectified dioxane. Dry gaseous hydrogen 
chloride is then passed in until the solution is saturated 
and the stoppered flask allowed to stand in the cold for 
several days; 35 mg. of deep red needles is obtained. 
Tests described above show the product to be the di-NH-
methene (V); m. p. (dec.) of the free base 190 °. 

Bromination of 3,5,4'-Trimethyl-4,3',5'-tricarbethoxy-
dipyrrylmethane (XVII).—The dipyrrylmethane (XVII) 
(500 mg.) is dissolved in 500 cc. of dry carbon tetrachloride; 
0.2 g. of bromine dissolved in 5 cc. of carbon tetrachloride is 
added to this solution at room temperature. After stand­
ing for several hours 500 mg. of fine red needles is filtered 
from the mixture. On conversion to the free base, by 
treatment of the solid methene salt with dilute ammonium 
hydroxide, this compound is shown to be identical with the 
unsymmetrical 3,5,4 '-trimethy 1-4,3 ',5 '-tricarbethoxy di-
pyrrylmethene (XVIII) , synthesized by independent 
methods; m. p. of free base 125° (dec.); yield 83%. 

Bromination of l,4,3',5'-Tetramethyl-3,5,4'-tricarbeth-
oxydipyrrylmethane (XIX).—The mono-N-methylmethane 
(XIX) (0.5 g.) is dissolved in 500 cc. of dry carbon tetra­
chloride; 0.2 g. of bromine dissolved in 5 cc. of carbon 
tetrachloride is added quickly to this solution with stirring. 
The dark red solution is allowed to stand in the cold over­
night. On filtration 100 mg. of fine yellow-red needles is 
obtained. In addition, a large amount of red oil is found 
on the walls of the flask. No identifiable products have 
been obtained from this residue. Tests described above 
showed the red crystals to be the symmetrical di-NH-
methene (V). 

For the systematic degradation of the side 
chain of methyl 3-hydroxy-5-cholenate (I), an 
investigation involving the use of the so-called 
i-methyl ether, primarily to protect the hydroxyl 
group and the double bond, has been made. The 
dehydration of the carbinol, resulting from the 
reaction with the Grignard reagent, proved to be 
a critical reaction provided the i-ether structure 
is retained. Hence, this reaction was studied. 

Methyl 3-p-toluenesulfonoxy-o-cholenate (II)3 

was converted to methyl 6(a)-methoxy~i-chole-
nate (III) by the usual method, namely, by heating 
a methanol solution containing anhydrous potas­
sium acetate. The reaction of this i-methyl 

(1) Rockefeller Foundation Research Associate, 1940-1941. 
Present address: School of Pharmacy, University of Wisconsin. 

(2) Abbott-Glidden-Upjohn Research Associate, 1941-1942. 
(3) B. Riegel, J. A. Vanderpeol and M, F. W. DunWer, THIS 

JouRNAi, «1, 1630 (1941). 

Summary 

1. The oxidation of the leuco base of an unsym­
metrical pyrrole pigment to a symmetrical pyr­
role pigment having the sequence of substituents 
which corresponds to one of the pyrrole rings in 
the base has been observed. 

2. This anomalous reaction has been shown 
to result from a reshuffling of intact pyrrole 
rings rather than by attack on the pyrrole sub­
stituents. 

3. The application of this reaction to the 
study of the regrouping of pyrrole rings in natu­
rally occurring pyrrole pigments is suggested by 
the mild conditions under which the reaction takes 
place. 

4. The transformation has been shown to in­
volve a cleavage of a carbon-carbon bond in the 
aromatic system of an intermediate in the reac­
tion. 

5. Two similar mechanisms have been pro­
posed and supported by experimental evidence. 

6. The oxidation of a number of unsymmetri­
cal dipyrrylmethanes has been studied to test the 
generality of the anomalous reaction. Another 
example has been found. 
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ether methyl ester (III) with phenylmagnesium 
bromide gave the desired 6(a)-methoxy-i-nor-
cholenyldiphenylcarbinol (IV) which melted at 
139.0-140.2° and gave a specific rotation of 
+43.9°. Carbinol (IV) could not be dehydrated 
in a solution of boiling glacial acetic acid without 
changing the i-methyl ether structure to the 
normal acetate, thus giving 3-acetoxy-24,24-di-
phenyl-5,23-choladiene (VII). Even heating a 
glacial acetic acid solution of carbinol (IV) for a 
short time caused dehydration with a simultane­
ous loss of the i-ether configuration. Because of 
the lability of the i-steroid structure, particularly 
toward acidic reagents, many dehydrating agents 
cannot be used if this structure is to be retained. 
Although Heilbron, Beynon and Spring4 had dem-

(4) I. Heilbron, J. H. Beynon and F, S, Spring, J. Chem. Soc, 907 
(1936); 406, 1469 (1937), 
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