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Studies in the Pyrrole Series.

IV. A Dipyrrylmethene which is a True Intermediate

in its own Formation®

By JoseEpH H. PADEN,? ALsoPH H. CORWIN AND WILLIAM A, BAILEY, JR.3

In the preceding communication*® it was dem-
onstrated that a stepwise synthesis of 3,5,4'-tri-
carbethoxy-4,3’,5'-trimethyldipyrrylmethene hy-
drochloride (compound V, Chart I) could be
achieved in which a tripyrrylmethane (compound
IV) was an intermediate if two moles of the
alpha-free pyrrole IT were used to one mole of the
pyrryl aldehyde I and the resulting tripyrryl-
methane cleaved subsequently by the addition of
another mole of aldehyde as in scheme (1):

14 2I1 —» IV; IV 4+ I 4+ 2HCl —» 2V (1)

CuART 1
CH; —COOC;H; CH;—-COOC,H;
C2H500CLNUCHO HLNUCH,,
H H
I I1
CHs——COOC2H5 CHs——— COOC2H§
H | H
111 OH

(VIII, Substitute OCH; for OH in III)

pyrrylmethane mechanism given in scheme (1),
direct formation of methene from carbinol may be
formulated:
I+4 11— 111 + HCl —> V 2)

The present paper summarizes a group of experi-
ments on the relative velocities of the reactions
concerned which permits a decision between these
possibilities.

In previous communications on the mechanism
of the aldehyde synthesis of dipyrrylmethenes, it
has been assumed arbitrarily that dipyrrylcar-

binols are intermediates in the various
cleavages.”® While it still seems
necessary to retain the assumption of
a carbinol as the first reaction product
of aldehyde and alpha-free pyrrole, it is
now unnecessary to assume any chem-
ical intermediate between tripyrryl-
methanes and dipyrrylmethenes, either
in cleavage or in recombination, since it
can be demonstrated that the methenes
themselves are capable of combining

CH;——COOC:H; CH;— COOC.H, CHy—COOCH; with alpha-free pyrroles to form tri-
QHEOOCL y——CH—l\l UCHa CzHEOOCH UH pyrrylmethanes. This new condensa-
I;TI IIETI g tion bears a superficial resemblance to

v BN .CH“ XI the Diels~Alder reaction. Ir'1 cez"tain
‘é—ﬁ—;— COOC,H; cases the tendency to reaction is so

strong that the free base of the methene

CHa‘l-\ COOCH;  CHy==COO0CH, CH’“—ICOOCZH"‘ condenses spontaneously with the
CzHEOOCLNJ—CHm\NJCHs Hiy JCH;, alpha-free pyrrole; in other cases it is
H H+Cl- CH; necessary to use acid catalysts such as

v VI potassium acid sulfate or hydrogen chlo-

CH;——-COOC;H; CH;—COOC,H;

C:H,00C l ——CH—— LN Ucm

" CH N"’lCHa "
VII N
\CHa COOC:H;

The data then current did not permit a de-
cision as to the course of the reaction when equi-
molar quantities of the pyrrole II and the alde-
hyde I were used. As an alternative to the tri-

(1) Presented at the Milwaukee meeting of the American Chemical
Society, September, 1938.

(2) Present address: American Cyanamid Co., Stamford, Conn.

(3) Present address: Shell Development Corp., Emeryville, Calif.

(4) (a) Corwin and Andrews, THIS Jourwnar, 69, 1974 (1937};
(o3 89, 1078 (1087)) (w) K9, 1079 (1037); (W} 69, 1976 (1987).

ride or to use the hydrochloride of the
methene as one of the reagents. With
the aid of this reaction it is possible to
make the direct measurements of ve-
locity necessary to an understanding of

the course of the methene synthesis.
By the application of this new condensation, di-
rect confirmation of our conclusion®® with respect
to the hindering influence of an N-methyl group
upon condensation is now available and is obtained
by a comparison of the following two reactions:

V (base) + II —> IV 3)
V (base) + VI —» VII (4

(6} €orwin and Andrews, ibid,; §8; 1087 (1936).
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In the absence of added catalyst, reaction (3) is
complete in fifty seconds. Under the same condi-
tions reaction (4) has not proceeded appreciably
after one hundred minutes. In the presence of
potassium acid sulfate reaction (4) is incomplete
after one minute but complete in three and one-
half minutes. Reaction (3) is complete in thirty
seconds. Thus the N-methyl group on an alpha-
free pyrrole decreases its speed of combination
with a methene.

A close scrutiny of the course of the reaction
between a carbinol methyl ether (compound VIII)
and an alpha-free pyrrole, or alternatively be-
tween a methene base (IV free base) and an alpha-
free pyrrole, both reactions in the presence of hy-
drogen chloride, leads to the conclusion that the
reaction to form methene hydrochloride (reac-
tion a, scheme (5) and that to form tripyrryl-
methane (reaction b) are not competing reactions
but are consecutive as in reaction c.®

a
VIII (or V base) + II + HCl —> V + 1II (5)
c

b
L—»> IV + HCI

When the mixture of carbinol-ether VIII and
pyrrole IT in ether or dioxane is treated with hy-
drogen chloride, a transient precipitate of methene
hydrochloride V is formed. This immediately
reacts with the pyrrole to give tripyrrylmethane
IV. When the pyrrole is added after the precipi-
tation, the reaction follows the same course. It
thus becomes necessary to assume that the salt
of the methene is itself able to react with alpha-
free pyrroles to form tripyrrylmethanes. In the
case of the N-methyl alpha-free pyrrole VI, the
reaction is slow enough to permit the simultaneous
isolation of methene salt V and tripyrrylmethane
VII although the amount of the methene salt
decreases with increasing reaction time. These
observations show that the methene hydrochlo-
ride is an intermediate in the formation of tri-
pyrrylmethane from carbinol methyl ether in the
presence of hydrogen chloride and from them it is
inferred that the methene hydrochloride is an inter-
mediate in the formation of tripyrrylmethane from
free carbinol, a material which has so far resisted
all our attempts at isolation.”

(6) It may possibly be more accurate to say that carbinol-ether,
methene base and methene hydrochloride are all equally capable of
forming the same kinetic intermediate under the conditions of the
various reactions. Decision upon this point would have to await a
more precise and detailed kinetic analysis.

(7) Superficially, it might appear that the formation of N-methyl
tripyrrylmethane VII from methene hydrochloride V and pyrrole
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In the preceding paper*® it was stated that a
decision as to whether or not tripyrrylmethane
IV is an intermediate in the synthesis of methene
V depends upon the determination of the relative
velocities of formation of tripyrrylmethane and
dipyrrylmethene.

d
I+1I+V 4 HCl—> 2V (6)
R f
IV + 14 2HC

If aldehyde I reacts with pyrrole II faster than
methene V reacts with the pyrrole (that is, if
reaction d, scheme 6, is faster than reaction e), tri-
pyrrylmethane will not be formed in appreciable
quantity because of the removal of one of the
reagents essential to its formation. If, on the
other hand, methene V reacts with pyrrole II
faster than aldehyde I reacts with it (that is, if
reaction e is faster than reaction d), tripyrryl-
methane formation will remove the pyrrole from
the solution preferentially, and methene formation
will finally take place only after subsequent cleav-
age of tripyrrylmethane IV by aldehyde I, a reac-
tion demonstrated in the preceding paper.

The determination of these relative velocities
has now been accomplished. In order to slow
down all velocities to a measurable rate, potassium
acid sulfate was used as a catalyst instead of hy-
drogen chloride.

h
1411 ——g-> V (base) V (base) + II —> IV

IV + I—2> 2 V(base) (7)

Under these conditions the reaction of the free
base of methene V with pyrrole II (reaction h,
scheme 7) is complete in fifteen seconds while that
of aldehyde I (reaction g) is not complete in an
hour. Under the same conditions no appre-
ciable cleavage of tripyrrylmethane IV by alde-
hyde I (reaction j) took place even when the mix-
ture was refluxed for half an hour. This demon-
strates that reaction g is faster than reaction j.
A qualitative confirmation of these velocity rela-
tionships may be obtained from the minimum acid
strength necessary to initiate the various reac-
tions. Reaction h proceeds in the absence of

VI (reaction 4), mentioned in the preceding paragraph, and there-
verse of this reaction, namely, the cleavage of the same tripyrryl-
methane to form methene hydrochloride V, reported in the preced-
ing paper,‘b were mutually contradictory experiments, These ex-
periments appear to show that each side of the reaction is more stable
than the other side. The apparent contradiction disappears, how-
ever, when it is remembered that hydrogen chloride is a reagent in
this reaction as well as a catalyst. Presence of excess hydrogen
chloride reverses the condensation reaction and causes cleavage of the
tripyrrylmethane;
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added catalyst; reaction g proceeds only when po-
tassium acid sulfate is added; reaction f proceeds
only when hydrogen chloride is added. It must
be pointed out, however, that the addition of hy-
drogen chloride stabilizes the forward direction of
reaction f by its mass action effect, so these rela-
tionships are not uncomplicated velocity relation-
ships.

The most convincing confirmation that the
relative velocities in the presence of hydrogen
chloride, the standard reaction conditions for
methene formation, are the same as those in the
presence of potassium acid sulfate is obtained by
the following experiment: as the solution of
aldehyde I and pyrrole II used for the synthesis
of methene V in the presence of hydrogen chloride
becomes increasingly dilute the time of initial ap-
pearance of a precipitate of the methene is pro-
gressively delayed, as is the time required for ob-
taining the maximum yield. Under these condi-
tions it is possible to stop the reaction well before
the appearance of methene and to isolate the
chemical intermediates in the reaction. When
equimolar quantities of aldehyde and pyrrole
are used, the intermediates isolated are equivalent
quantities of unreacted aldehyde I and tripyrryl-
methane IV. This demonstrates that the tripyrryl-
methane is an intermediate in the formation of the
methene hydrochloride. Since the methene hy-
drochloride is an intermediate in the formation of
tripyrrylmethane from carbinol, which is the most
probable primary product of the condensation of
aldehyde and pyrrole, it follows that the methene
hydrochloride is an intermediate tn its own forma-
tion. These relationships are summarized in
scheme (8).

21 + 2II + 2HCl —» IIT 4+ I + II +
2HCl —> V + I + II 4+ HCl 4+ H;0 —>
IV + I 4+ 2HCl 4+ H,0 —» 2V + 2H,0 (8)

A number of “stable” tripyrrylmethanes of the
type of methane IV have been prepared.® Their
apparent stability would have constituted a
strong argument against the adoption of a con-
densation to tripyrrylmethanes as a general
scheme for the synthesis of methenes from alde-
hydes. This objection has now been removed by
the proof that the case which appears to be the
most unfavorable to the tripyrrylmethane mech-
anism is one in which the demonstration of the
reality of this mechanism is relatively simple. The
reaction in which a satisfactory experimental

(8) Fischer and Ernst, Axnn., 447, 139 (1928).
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determination of mechanism will be most difficult
is that in which cleavage of the tripyrrylmethane
is rapid.

It is of interest to inquire into the mechanism
of the last step of scheme (8). One possibility is
that tripyrrylmethane IV and aldehyde I com-
bine to form a compound which cleaves to give
methene V. All our attempts to prepare such a
compound have met with failure. A second
possibility is that cleavage to give methene V
does not take place until a molecule of aldehyde I
and methane IV collide in a preferred orientation
or with a sufficiently activated collision. This
possibility might be explored by suitable kinetic
measurements. There exists the further possi-
bility that the reaction of formation of the tripyr-
rylmethane is reversible’ and that the formation
of methene is due to the slow displacement of the
process toward a more stable product. In the
preceding paper*® considerable evidence was pre-
sented to show that the reaction is actually rever-
sible. For this reason we incline to the third
scheme for the course of the cleavage. According
to this scheme the rate determining step in the
reaction is the combination of aldehyde I with
pyrrole II. This slow step intervenes twice, the
first time in the presence of excess pyrrole II
which favors the reaction by its mass action effect,
the second time in the presence of traces of the
pyrrole, formed by cleavage of tripyrrylmethane
IV. It is the slowness of this reaction combined
with the rapidity of the recombination of pyrrole
II with methene V which permits the isolation of
tripyrrylmethane IV as an intermediate.

A corollary consistent with the preceding argu-
ment would be that the formation of readily
cleavable tripyrrylmethanes from methenes and
alpha-free pyrroles should be a slower process
than the formation of “stable’’ tripyrrylmethanes.
This argument already has been explored, scheme
(5), for a case in which the methene remains con-
stant and the pyrrole is varied and was found to be
truein that case. The complementary case is now
reported (Chart II).

Methene IX combines with pyrrole II in the
presence of potassium acid sulfate to form tri-
pyrrylmethane X. This reaction is slower in the

(9) The word reversible is used here in the usual sense of the or-
ganic chemist to signify a process proceeding in both directions. It
does not imply that the process is energetically reversible in the
thermodynamic sense., In fact, if one were to devise an electrode
system to measure the free energy of such a reaction, the electrode
behavior would undoubtedly be erratic and the physical chemist
would say that he was dealing with an irreversible system.
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CeArrt II
CH;00C — CHs CHjememCOOC,H,

LY

IX H

+ II (Chart 1)

cgﬁﬁoocr_ CH; CH;—COOCH,

CH;'{N,——CHwLN\JCHs

H H
/== CHj
HN |
X 1S COOC;H;

presenice of the catalyst than the reaction with
the free base of methene V is without any catalyst.
These observations are consistent with the as-
sumption that the ready cleavage of tripyrryl-
methane X is due essentially to the slowness of the
reverse reaction of formation of the tripyrryl-
methane. This assumption is also consistent with
the course of the cleavages of N-methyl tripyrryl-
methanes in which the effect of the N-methyl
group has been shown to be due to hindrance of the
condensation to tripyrrylmethane. Thus again
we are led to regard the reactions involved in the
formation of dipyrrylmethenes as a complex series
of reversible reactions in which all possible cleav-
ages and condensations take place. One is not
justified in regarding these reactions as equilibria,
however. The velocities of the competing reac-
tions vary over a sufficiently wide range that prod-
ucts obtained after the usual reaction times allowed
in organic work may not be the products thermo-
dynamically most stable and, furthermore, the
products obtained after a very short time may be
different from those obtained in the normal time.
As a further illustration of the time dependence
of these reactions, we may cite the cleavage of
tripyrrylmethane IV in the presence of hydrogen
chloride. A dry ether solution of this ‘‘stable”
tripyrrylmethane becomes colored within a few
hours after adding dry hydrogen chloride. The
color deepens during the course of several weeks
and crystals are slowly deposited upon the walls
of the reaction vessel. These crystals were iden-
tified as the hydrochloride of methene IX, pre-
sumably resulting from the reaction shown in
scheme (9).
IV 4+ HCl —» XI (Chart I) 4+ IX (Chart II) 9)

The possibility of this reaction was discussed in
our previous paper.*® Unfortunately, it has not
been possible to isolate pyrrole XI from the reac-
tion. This experiment lends support to the view

A DIPYRRYLMETHENE AS AN INTERMEDIATE IN ITS OWN FORMATION

421

that cleavage takes place at all bonds in tripyrryl-
methane IV, the chief factor differentiating it from
less stable tripyrrylmethanes being the rates of the
reactions involved.

One of us, J. H. P., wishes to acknowledge his
indebtedness to the Chemical Foundation for a
post-doctoral stipend which made this investiga-
tion possible. The authors also wish to acknowl-
edge the courtesy of the Carbide and Carbon
Chemicals Corporation in furnishing the aceto-
acetic ester used in this work.

Experimental Part

Condensations of 3,5,4'-Tricarbethoxy-4,3’,5'-trimethyl-
dipyrrylmethene (Methene V Base) with 2,4-Dimethyl-3-
carbethoxy-pyrrole (Pyrrole II).—Four-tenths gram
(0.001 mole) of the free base of methene V was dissolved in
20 cc. of pure dioxane, dried over 409, sodium amalgam
and freshly distilled from sodium; 0.184 g. (0.0011 mole)
of pyrrole II was dissolved in 5 cc. of dioxane, purified
identically. The solution of pyrrole II was poured into
the methene solution, which was shaken quickly. The
empty flask was rinsed with 5 cc. of dioxane. The reac-
tion flask was shaken for fifty seconds after the addition
of the main portion of the pyrrole and was then poured into
200 cc. of ice and water. A colorless precipitate was
forimmed with no evidence of methene. The product was
filtered off, washed well with water and dried by suction
in the dark. It was then dissoived in 15 cc. of 959 ethanol
and diluted with water until the oil would come out im-
mediately upon removing the flask from the hot-plate.
A tiny crystal was added as a seed, and induced crystalli-
zation immediately; yield, 0.54 g. (95%) of tripyrryl-
ntethane III, m. p. 190.5-191.5°.

The distillation of the dioxane is important. The meth-
ene color remains unchanged for at least fifteen minutes
in dioxane decanted from sodium amalgam. The re-
action was made to go with an experiment similar to that
above except that the dioxane was decanted from sodiuin
amalgam and 0.01 g. of powdered potassium bisulfate was
added; vyield, 98% of a material nielting at 190-192°.
A similar experiment was performed using distilled dioxane
and potassium bisulfate. Fifteen seconds after mixing,
the contents of the flask were poured into 200 cc. of ice
and water containing 0.5 g. of sodium carbonate. The
tripyrrylmethane was isolated and purified as described
above; yield, 949, m. p. 190-192°. The reaction follows
a similar course in redistilled absolute ether: (.4 g. of the
inethene was dissolved in 75 cc. of absolute ether, distilled
from sodium into the flask. The alpha-free pyrrole was
dissolved in 25 cc. of absolute ether, distilled into another
flask. The solutions were protected from air by soda
lime tubes. Upon mixing, the methene color faded to
a light yellow within twenty seconds and this yellow color
had disappeared within forty seconds more. The ether
was distilled off on a steami-bath and the residue recrys-
tallized as described above; yield, 0.540 g. (95%); m. p.
191-192°. Thus a single recrystallization gave a very
pure product which also showed less tendency to darken
in the air than most others.
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Condensations of 3,5,4'-Tricarbethoxy-4,3’,5’-trimethyl-
dipyrrylmethene (Methene V Base) with 1,2,4-Trimethyl-
3-carbethoxy-pyrrole (Pyrrole VI).—Four-tenths of a
gram (0.001 mole) of the free base of methene V and 0.199
g. (0.0011 mole) of the pyrrole VI were dissolved in 40 cc.
of absolute dioxane, freshly distilled from sodium, and
0.01 g. of potassium bisulfate was added. The color
faded to a light yellow and the mixture was poured into
ice and water after three and one-half minutes. The
product was a pale yellow solid with no evidence of un-
reacted methene., The suspension was seeded with a tiny
crystal and allowed to stand overnight in the icebox before
filtering. TFor the isolation of tripyrrylmethane VII, the
following procedure was used. After filtering it was dried
in air, warmed with 10 cc. of hexane, cooled and filtered;
yield, 0.530 g. or 919%,. This crude product melts at 151-
153°, The m. p. may be raised by recrystallization from
dilute methanol to 155-156°. A similar experiment was
performed but the mixture was poured into ice and water
after one minute. The original methene was isolated as
described in the first experiment; yield, 409%.

A reaction mixture not containing potassium bisulfate
was allowed to stand for one hundred minutes. There was
no apparent change in color and no tripyrrylmethane could
be isolated. A similar experiment was then allowed to
stand for over two hours in direct sunlight and then over-
night in the laboratory. There was no appreciable change
in color in this time.

Preparation of 3,5,4’-Tricarbethoxy-4,3’,5'-trimethyl-
dipyrrylmethene Hydrochloride (Methene V) from its
Free Base and from its Carbinol-methyl-ether (Compound
VIII).—Two-tenths gram (0.0005 mole) of chromato-
graphically purified methene base V was dissolved in 75
ce. of absolute ether. The solution was cooled in an ice-
bath and a stream of dry hydrogen chloride was passed in.
As soon as the gas reached the solution a precipitate was
formed. Hydrogen chloride was passed in for one minute
and the flask was shaken for another minute. The prod-
uct was filtered off rapidly; yield, of methene V, 96%,.
The experiment was repeated using an equivalent quantity
(0.217 g.) of carbinol methyl ether VIII. This was dis-
solved in 50 cc. of ether and the methene precipitated with-
out cooling; yield, 939,. In thisexperiment, asin the pre-
ceding, the precipitation of the methene salt was instan-
taneous.

Condensations of 3,5,4'-Tricarbethoxy-4,3’,5’-trimethyl-
dipyrrylmethene Hydrochloride (Methene V) with 2,4-
Dimethyl-3-carbethoxypyrrole (Pyrrole II).—Four-tenths
gram of the free base of methene V was dissolved in 75 cc.
of absolute ether distilled from sodium; 50 cc. of similar
ether was cooled in ice while a strong stream of dry hydro-
gen chloride was passed in for twenty minutes; 0.167 g. of
pyrrole II was dissolved in this solution and then poured
rapidly with shaking into the methene solution. A
copious precipitate formed which all redissolved within
five seconds, The flask was shaken for two minutes and
then the contents were poured into 150 cc. of cold 5%,
sodium hydroxide in a separatory funnel. The ether
solution was washed with a second 150-cc. portion of cold
sodium hydroxide and with two 100-cc. portions of cold
dilute sodium chloride., (The salt was added to facilitate
separation of layers,) The ethereal layer was evaporated
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and the residue recrystallized from dilute ethanol; yield
of tripyrrylmethane 1V, 0.52 g. or 91.59, m. p. 191-192°.

The experiment above was repeated with the variation
that the ethereal solution of hydrogen chloride was added
to the methene free base before the addition of pyrrole I1.
A copious orange precipitate of the methene hydrochloride
V separated immediately but practically all of it redis-
solved within ten seconds. After three minutes the pyrrole
11 was added in the solid state. After standing four
minutes the solution was poured into sodium hydroxide
and the tripyrrylmethane was isolated as described above;
yield, 959, of a product melting at 187-188°,

The experiment may be performed with dry dioxane,
using only 16 cc. as the solvent. The reaction is complete
after fifteen seconds; yield of tripyrrylmethane IV after
two recrystallizations from ethanol, 909, m. p. 191-192°.
When either dioxane or ether is used which is decanted
from sodium or sodium amalgam, no reaction takes place
until the addition of the hydrogen chloride. The yield in
ethereal solution may be increased to 97.5% by bubbling
in the hydrogen chloride for only five seconds and then
evaporating the ether on the steam-bath.

Condensations of 3,5,4’-Tricarbethoxy-4,3’,5'-trimethyl-
dipyrrylmethene Hydrochloride (Methene V) with 1,2,4-
Trimethyl-3-carbethoxypyrrole (Pyrrole VI).—Four-tenths
gram of the free base of methene V was dissolved in 100 cc.
of absolute ether; 0.181 g. of pyrrole VI was added to the
solution. It dissolved rapidly. Hydrogen chloride gas
was passed into the solution without cooling for two min-
utes, As soon as the gas reached the solution a precipitate
formed but after the first fifteen seconds apparently no
more was formed, The flask was shaken at room tem-
perature for three minutes after the addition of the hydro-
gen chloride and the solution was filtered; 5 mg. of the
methene salt V was obtained, corresponding to a recovery
of 1.19%. The filtrate was shaken for five minutes more
without the formation of more precipitate, showing that the
methene salt was not formed from the tripyrrylmethane
VII which was present in the solution. The tripyrryl-
methane was then isolated in a manner similar to that used
for the isolation of tripyrrylmethane IV from hydrogen
chloride solution; yield, 0.51 g. or 88%,; m. p. 150-152°.
Recrystallization from dilute methanol raised the melting
point one degree.

When it was desired to isolate the reaction product after
a shorter time, the reagents were dissolved in part of the
ether and the other part was saturated with hydrogen
chloride and then added all at once. An orange-colored
precipitate formed immediately. In a typical experiment,
the flask was shaken for two minutes after the addition of
the hydrogen chloride and then filtered rapidly; yield of
methene salt V, 119%; vyield of tripyrrylmethane VII, iso-
lated as above, 72%; m. p. 150-152°,

In a similar experiment, carbinol methyl ether VIII was
substituted for methene base V, and 40 cc. of hexane was
used as solvent. The methene salt was filtered off after
two minutes; yield, 739%. The filtrate was practically
colorless. On drawing air over it for a few minutes a solid
separated, which was allowed to stand overnight, filtered
and dried; yield, 249 of tripyrrylmethane VII. It is
thus evident that hexane is less well adapted to the pro-
duction of tripyrrylmethane than is ether, probably
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because of the insolubility of the methene salt in hexane.
When the experiment was varied by adding only one bub-
ble of hydrogen chloride to prevent the formation of a
large amount of methene salt, only a small amount of
methene salt precipitated out and it was accompanied by
tripyrrylmethane.

Isolation of Intermediates from the Reaction of 2-
Formyl-3,5-dicarbethoxy-4-methyl-pyrrole (Aldehyde I)
and 2,4-Dimethyl-3-carbethoxy-pyrrole (Pyrrole II).—
Five hundred and six milligrams (0.002 mole) of aldehyde
I and 334 mg, (0.002 mole) of pyrrole 11 were dissolved in
20 cc. of absolute ether freshly distilled from sodium.
The solution was cooled to 5° in an ice-bath and dry
hydrogen chloride was passed in for three minutes. The
solution, which was originally colorless, slowly deepened
to a light tan. It was poured into 200 cc. of cold 5%
sodium hydroxide solution. The flask was rinsed with
20 cc, of ether. The ether and sodium hydroxide solu-
tions were carefully but vigorously shaken for thirty
seconds. The ether solution was washed rapidly with two
100-cc. portions of cold 59, sodium hydroxide and finally
with two 100-cc. portions of dilute sodium chloride. The
sodium hydroxide and sodium chloride solutions were run
into an excess of cold dilute hydrochloric acid solution,
precipitating the unchanged aldehyde II. This was thor-
oughly cooled in ice, filtered, and the colorless solid dried
in air; recovery, 0.225 g. or 44.5%, of a product melting
at 124-125° without recrystallization; mixed m. p. with
pure aldehyde I (m. p. 127°), 126-127°. One crystalliza-
tion from dilute ethanol raised the m. p. to 125-126°,

The ether was evaporated on a steam-bath, leaving a
sticky vellow residue, partly crystalline. This was re-
crystallized from dilute ethanol; yield, 0.535 g. or 479, of
a yellowish solid, m. p. 191-192°; mixed m. p. with pure
tripyrrylmethane IV (m. p. 191-192°) 191-192°.

To duplicate as closely as possible our postulated
mechanism for the methene reaction, the following ex-
periment was performed: 434 mg. (0.001 mole) of carbinol
ether VIII, 254 mg. (0.001 mole) of aldehyde I and 167
mg. (0.001 mole) of pyrrole II were dissolved in 100 cc. of
absolute ether and the solution treated as in the preceding
experiment; recovery of aldehyde I, 215 mg. or 85%;
yield of tripyrrylmethane 1V, 490 mg. or 86%.

Further Examination of the Course of the Condensation
of Aldehyde I and Pyrrole II. (a) In Concentrated
Solution.—Five grams of aldehyde I and 3.34 g. of pyrrole
11 were dissolved by warming in 350 cc. of anhydrous
ether and then cooled in an ice-bath. A moderate stream
of dry hydrogen chloride was passed in. The first pre-
cipitation of methene salt V took place after two minutes.
The gas was passed in for fifteen minutes and the flask
was allowed to stand in the ice-bath for twenty minutes
more. The precipitate was filtered and washed with 50
cc. of hexane; yield, 6.8 g. or 78.5%. After standing in
the icebox overnight, 0.1 g. additional methene salt was
obtained; total yield, 79.8%.

(b) In Dilute Solution.—Two hundred fifty-three milli-
grams of aldehyde I (0.001 mole) and 167 mg. of pyrrole II
(0.001 mole) were dissolved in 100 cc. of absolute ether
and treated as in the foregoing experiment. No change in
color was visible for four minutes and the first precipita-
tion of methene salt took place after feurteen minutes.
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The salt was filtered off after twenty-five minutes; yield,
0.270 g. or 61.5%. The filtrate was placed in the icebox
for another hour and yielded 70 mg. or 169, additional
methene salt. On standing another hour, 20 mg. or 4.5%
additional methene salt was obtained. On further stand-
ing no more methene was obtained and the solution turned
purple; total time, one hundred forty-five minutes; total
yield, 829%,.

(¢) With Potassium Bisulfate.—One hundred twenty-
seven milligrams (0.0005 mole) of aldehyde I and 167 mg.
(0.001 mole) of pyrrole II were dissolved in 10 cc. of an-
hydrous dioxane and 0.01 g. of potassium bisulfate was
added. The solution was allowed to stand in the dark
with occasional shaking for an hour. It was then poured
into 100 cc. of ice and water containing 0.5 g. of sodium
carbonate and the tripyrrylmethane isolated as described
in the first experiment; yield, 0.170 g. or 609, of tripyrryl-
methane 111, m, p. 190-191°. This experiment fails when
commercial dioxane is used.

One hundred forty-two milligrams of tripyrrylmethane
IV (0.00025 mole) and 64 mg. of aldehyde I (0.00025
mole) were dissolved by warming in 20 cc. of absolute
dioxane and 10 mg. of potassium bisulfate was added.
The solution turned an orange color. It was refluxed
for thirty minutes and then poured into 200 cc. of ice
and water containing 2 g. of sodium carbonate. A color-
less solid precipitated which was filtered, washed and
recrystallized from dilute ethanol; recovery, 0.130 g.
or 91.59% of the tripyrrylmethane IV. The filtrate was
acidified and cooled in ice. A colorless solid precipitated;
recovery, 52 mg. or 819, of aldehyde 1.

(d) Cleavage of Tripyrrylmethane IV by Aldehyde I in
Dilute Solution for Comparison with (b).—Two hundred
eighty-four milligrams (0.0005 mole) of tripyrrylmethane
1V and 127 mg. (0.0005 mole) of aldehyde I1¢ were dis-
solved in 100 cc. of absolute ether by shaking. The con-
duct of the experiment was as described in (b). The first
precipitate appeared after twelve and one-half minutes;
yields: after twenty-five minutes, 54.89;; after eighty-five
minutes, 159, additional; after one hundred forty-five
minutes, 7% additional; total reaction time, one hundred
forty-five minutes; total yield, 77%.

Condensations of 3,5,3’5/-Tetramethyl-4,4’-dicarbeth-
oxydipyrrylmethene (Methene IX) and 2,4-Dimethyl-3-
carbethoxy-pyrrole (Pyrrole II).—Two hundred fifty
milligrams (0.00073 mole) of methene IX and 134 mg.
(0.0008 mole) of pyrrole IT were dissolved in 20 cc. of ab-
solute dioxane by warming and the solution was then
cooled to room temperature; 10 mg. of potassium bisulfate
was added and the solution shaken for several minutes.
The red color had faded to a light yellow in twenty min-
utes. The reaction was allowed to stand for a total time
of one hundred fifty-five minutes and then poured into ice
and water. The yellow solid was filtered off, dried in air
and recrystallized from dilute ethanol; yield, 340 mg. or
919, of tripyrrylmethane X, m. p. 193-194°, A similar
experiment was performed with the variation that the
solution was refluxed for five minutes and then poured
immediately into ice and water; yield, 969, of tripyrryl-
methane X, m. p. 188-190°. Extraction of the product

(10) It should be noted that 0.0005 mole of these reagents is
equivalent to 0.001 mole of the reagents in (b),
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with toluene-hexane followed by repeated recrystalliza-
tion from dilute ethanol raised the m. p. to 205-208°,

The experiment was repeated using ether as a solvent.
This is not satisfactory because of the low solubility of the
methene in ether. With no added catalyst the reaction
proceeded slowly. Tripyrrylmethane X began to separate
from the solution after forty minutes, The ether was
cvaporated on a steam-bath; yield, 979, m. p. 191-192°,

With dioxane as solvent but with the substitution of hy-
drogen chloride for potassium bisulfate, only the hydro-
chloride of methene IX could be isolated; yield, 100%
of a product melting with decomposition at 206°. This
exactly parallels the cleavage of the tripyrrylmethane X
which gave a copious precipitate of the salt of methene IX
after five seconds and a quantitative yield when filtered
after one minute.

An attempted condensation of 2,4-dimethyl-3-carbeth-
oxy-5-formylpyrrole with 2,4-dimethyl-3-carbethoxy-pyr-
role to give tripyrrylmethane X in dioxane with potassium
bisulfate as catalyst was unsuccessful under the conditions
which succeeded in giving tripyrrylmethane IV from the
corresponding aldehyde.

Cleavage of Tripyrrylmethane IV with Hydrogen Chlo-
ride.—One and one-tenth grams of tripyrrylmethane IV
was suspended in 185 cc. of dry ether and cooled in an ice-
bath. Dry hydrogen chloride was passed in for ten min-
utes, The tripyrrylniethane dissolved with a light
yellow color which rapidly gave way to orange. After two
hours the solution was cherry-red. It was allowed to stand
in an icebox and was wrapped with a towel to protect it
from light. After two days it was deep violet but no
crystals had appeared. After one month crystals had
begun to appear on the walls of the vessel. The mixture
was then allowed to warm up to room temperature and to
stand for one year. The mother liquor was drained off
and neutralized with calcium hydroxide and then chro-
matographed over alumina using carbon tetrachloride as
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solvent. The colorless fore-runs contained a dissolved oil
but no crystalline derivative was obtained from it.

The crystals on the wall of the vessel were dissolved in
chloroform and chromatographed over calcium hydroxide
to prepare the free base of the methene. The methene so-
lution was evaporated to dryness and taken up in a mixture
of 259, chloroform1 and 75%, carbon tetrachloride (both
solvents freshly treated with lime to remove acidic de-
composition products). The methene layer developed
below a much darker layer on the chromatograin and was
separated and eluted with purified chloroform. The solu-
tion was evaporated in a weighed flask; yield, 0.223 g. or
33%. 1t was identified as methene IX by its decomposi-
tion point, 187°, and by hydrogenation to 3,5,3',5'-tetra-
methyl-4,4’-dicarbethoxy-dipyrrylmethane, m. p. 229°,

Summary

1. It has been discovered that dipyrrylmeth-
enes react with pyrroles with free alpha positions
to form tripyrrylmethanes.

2. Application of this reaction permits direct
velocity comparisons which make it possible to
study the mechanism of the formation of dipyrryl-
methenes.

3. It has been demonstrated by actual isola-
tion that a tripyrrylmethane is an intermediate in
a ‘“‘normal” dipyrrylmethene synthesis.

4. It is inferred from comparisons of velocity
that this dipyrrylmethene is an intermediate in
the formation of the tripyrrylmethane and is,
therefore, an intermediate in its own formation.

5. Cleavage of a “‘stable” tripyrrylmethane by
hydrogen chloride alone has been demonstrated.
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The Action of Bromine on Certain Thioamides

By Davip E. WORRALL AND ARTHUR W. PHILLIPS

The thioamide obtained by the action of two
equivalents of p-tolyl isothiocyanate on ethyl
acetonedicarboxylate reacts spontaneously with
bromine.! In order to present a structural inter-
pretation of the product formed here, a study of
the action ot bromine on the addition product of
malonic ester and phenyl isothiocyanate is here
reported. The course of the reactions involved
can be outlined as follows
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(1) Worrall, Txxs JournaL, 81, 2086 (1939).

I

—S
Cii H(COOCH 2HB (HCD
\N/ ~—CH(C 1 6)2 + r ?}12—0>

II1

| + 2CO; 4 2C,H;0H

The product resulting from the loss of hydrogen
bromide, and cyclization, forms a salt with alco-
holic potassium hydroxide and also acts enolic
toward a Grignard reagent. With hydrochloric
acid, it undergoes hydrolysis and decarboxylation,
to yield the well-known 1l-methylbenzothiazole,



