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ABSTRACT

SYNTHETIC APPROACHES TO 6,9:19,22-DIIMINO-2,26:13,15-
BIS (DIMETHYLETHENE )-10,12:23,25-B1S (TRIMETHYLENE ) -
3,7,8,18,20,21-HEXAMETHYL-1,14-DIAZA[26] ANNULENE
By

Thomas Lee Bowman

Several synthetic pathways to the preparation of a
substituted 1,14-diaza[26]annulene, 78 -- a potentially
aromatic macrocycle -- were investigated. The 1,14-

diaza[26]annulene chosen was 79.

79

78

In the course of the investigation several tri- and
tetra-substituted pyrroles were synthesized for the various
pathways attempted. 2,5-Bis(3-oxobutenyl)-3,4~dimethyl-
pyrrole, 91, was prepared by a Michael addition of one
equivalent of 3,4-dimethylpyrrole,ggxwith two equivalents
of 3-butyn-2-one, gj, Reduction of Q}‘with NaBH4 gave 2,5-

bis (3—hydroxybutenyl )=-3,4-dimethylpyrrole, 92 .



Thomas Lee Bowman
2,5-Bis(3-oxobutyl)-3,4-dimethylpyrrole, 95, was also ob-
tained by the Michael addition of 80 on methyl vinyl ketone
as was 91 from 80 and 87. Ethyl 3-(3,4-dimethylpyrrol-2-yl)-
propenoate, 99, was formed by another Michael reaction of
80 on ethyl propiolate. Reduction of 99 gave ethyl 3-(3,4-
dimethylpyrrol-2-yl)propanoate, 100, which in turn reacted
again with ethyl propidate to give ethyl 3-(5-carbethoxy-
ethyl-3,4-dimethylpyrrol-2-yl)propenoate, 101. Reduction of
101 gave diethyl 3,4-dimethylpyrrole-2,5-dipropanoate, 102.
compound 102 could be converted into the N,N-dimethylamide
derivative, N,N,N',N',3,4-hexamethylpyrrole-2,5-dipropanamide,
105. The 3,4-dimethylpyrrole Grignard attack on 95 and 102
to give 97 and 103 was unsuccessful. The Vilsmeier acylation
of 80 using 105 also failed to give 103.

Preparation of two new dipyrryltrimethine salts were
successful. Reaction of dihydroresorcinol, llﬁﬁ with §Q
gave 3,4,3',4%-tetramethyl-dipyrryl-(2,2*')-hexacyclotri-
methine iodide, 115. compound 19,8\. was reduced to 1,3-bis-
(3,4—dimethylpyrrol—2-yl)cycléhexane, 116. 5,5'-Bis(carb-
ethoxyethyl)-3,4,3%,4" -tetramethyl-dipyrryl-(2,2*)-hexacyclo-
trimethine iodide, 120, was also prepared by the reaction of
114 with 100.

Spectral data for all the above compounds and other

reactions of them are given.
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INTRODUCTION

One of the most actively investigated areas of organic

chemistry over the past one hundred and eight years has been |

the concept of aromaticity. The metamorphosis of this con-
cept is perhaps one of the best examples of the scientific S
method--the interaction of observable, experimental data
with the theoretical explanations of that data. 1In 1865,
Kekule proposed a cyclic array of six carbons involving
three double bonds as the structure for benzene. Since then
theoretical chemists have been trying to define and describe
the factors in benzenoid compounds which give rise to the
observations of substitution on rather than addition to the
double bonds--a phenomenon which has been explained by the
concept of aromaticity. 1In the twentieth century the concept
of aromaticity has been extended to non-benzenoid compounds
also. 1In addition to the works of the theoretician, many
synthetic organic chemists have tried to synthesize a wide
variety of cyclic, conjugated molecules in order to better
define the aromatic concept. It is in this light that the
present investigation was undertaken.

Prior to 1858 no clear theory of the molecular make-up
of organic compounds existed. In the early 1800's the term

"aromatic" had been applied to any isolated compound which



2
had an aromatic odor, whether or not it contained a benzene
ring. After 1830, when good combustion analysis became
available, aromatic compounds were categorized according to
composition--relatively high carbon to hydrogen ratio.
Around the middle of the nineteenth century it was recognized
that there was a nucleus common to these aromatic compounds
with high carbon to hydrogen ratio, which was benzene char-
acterized in 1825 by Faraday.! Then in 1858 cCouper? and
Kekuled simultaneously proposed the tetravalent character
of carbon and various molecular structures based on that
idea. This was the beginning of structural organic chem-
istry.

The first attempt to provide a structure for these
aromatic compounds was made in 1858 by Couper. In 1861
Loschmidt4 put forth the idea of a cyclic structure for ben-
zene but did not account for the tetravalency of carbon. He
was the first to suggest that a six carbon nucleus was the
basis for the aromatic compounds. Then in 1865 Kekule® set
the groundwork for the structural definition of aromatic
compounds. He felt that a series of aromatic compounds
analogous to the then known aliphatic series existed; the
simplest aromatic of this series had six carbons. It was in
this 1865 paper that Kekule proposed the cyclic array of six
carbons with alternating double and single bonds, 1, for
benzene. The remaining valences were used for bonding to
atoms external to the six-carbon nucleus. This structure

accounted for the high carbon to hydrogen ratio but did not
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satisfactorily explain the number of isomers for the substi-
tuted benzene compounds. This was to be clarified in a
later paper by Kekule.

Erlenmeyer® agreed with this six carbon structure pro-
posed by Kekule but disagreed that benzene was the basic
unit of the aromatics. He felt that the basis for the aroma-
tics should not be a core of six carbons but rather their
chemical behavior--substitution rather than addition. Thus
was born the criterion of chemical reactivity rather than
structure for a description of aromatic compounds.

Because of the dissymmetry of structure 1, Kekule could
not account in 1865 for the limited number of substitution
isomers found for benzene. He clarified this point in a
paper in 1872.7 It was in this paper that Kekule suggested
that due to interatomic collision of the carbons, the posi-
tions of the double bonds over a period of time change. At
any particular time, benzene has the structure 1 but at

another time has structure 2.

! 2
Therefore, whether benzene has the structure 1 or 2 depends
on when the molecule is observed. In other words, at any
particular point in time, benzene may be seen as 1 or % but

over a short time period, benzene is neither 1 nor 2 but a
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combination of 1 and 2. 1In this way all carbon-carbon bonds
become equal, the molecule becomes symmetrical, and thus the
limited number of substituted isomers is observed. Note
that Kekule did not say that there is an equilibrium between
the structures 1 and 2. Neither structure actually exists--
only a combination of the two. This idea is very close to
the concept of resonance which was formulated some sixty
years later. The final structural definition of benzene by
Kekule is that benzene is a planar structure consisting of

a cyclic array of six carbons containing symmetrical bonds
between carbons. However, Kekule's structure still did not
explain why the aromatic ring reacted differently chemically
from olefinic bonds.

Immediately following Kekule's proposal in 1865, a
plethora of structural explanations of the structure of ben-
zene were put forth by such noted men of science as Erlen-
meyer, Claus, Ladenburg, Wichelhaus, Baeyer, and Meyer. The
various proposed structures (3, 4, 5, 6, 7, and 8) did not

enjoy a long life of acceptance. It was not until the 1890's

P D

Claus® Ladenburg? stddeler, 19 Wichelhaus!?

3 1 5



Meyer!?2 Armstrongl3 Baeyerl4
o i 8
that a sound attempt was made to explain the unusual chemi-
cal reactivity of the aromatic compounds and relate this
reactivity to the structure of the molecule and to the bonds
involved. Bamberger!® in 1890 attempted to make this rela-
tionship. He used the earlier proposed hexacentric struc-
ture 8 and stated that the hexacentric bonds had the poten-
tial for bonding. These centric bonds are held in an
equilibrium state by some unknown force; this equilibrium
is disrupted when the molecule reacts. Therefore, the mole-
cule will rearrange or react in such a way upon disruption
of this equilibrium as to restore the equilibrium position
originally present. However, Bamberger's hypothesis lost
favor because of the ill-defined forces which held the cen-
tric valencies in equilibrium, and there was nothing at that
time to confirm the exclusive use of six valencies. These
valencies can be equated to today's concept of the electron.
Therefore, Bamberger had in a way anticipated the electronic
theory of benzene by thirty-five years.

Finally in 1899 Thielel® introduced the ideas of par-
tial bonds and conjugation to explain the reduced character
of some olefinic bonds to addition--for example, 1,4-addi-

tion to conjugated dienes. Because of the reduced olefinic
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character of the double bonds due to this "conjugation",17
Thiele rationalized that the double bonds in Kekule's struc-
ture of benzene are not true double bonds and therefore
should not react like olefinic bonds. The use of conjuga-
tion made all six carbon-carbon bonds equivalent and ex-
plezined the symmetry of benzene and its reduced olefinic
character. This idea is used quite extensively today but
was rejected at the turn of the century because in addition
to the conjugation concept, Thiele stated that the only

criterion for an aromatic compound was that it have alter-

nating single and double bonds in a cyclic array to allow

for conjugation. This latter statement was disproved and as

a result Thiele's conjugation theory rejected when Will-
stétter was unable to synthesize cyclobutadienel® and upon
synthesizing cyclooctatetraene in 191319 @b ghowed that it
did not possess aromatic properties, With these results it
appeared at the beginning of the twentieth century that
there was a uniqueness to the "aromatic sextet" that im-
parted the unique chemical reactivity to benzene.

No firm proposal existed as of 1915 which would enable
the concept of aromaticity to be extended to compounds other
than benzene. With the discovery of the atomic particles by
Thompson, Townsend, and Millikan during the period of 1897
to 1908 and from these discoveries the development of the
atomic theory by Rutherford, a new era opened up in which
the concept of aromaticity was put on a broader and firmer

base. With the rapid acceptance of the electronic theory
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of valence proposed by G. N. Lewis and others, Armit and
Robinson20 in 1925 interpreted Bamberger's "potential
valencies" as the idea of the "aromatic sextet". Robinson
felt that the aromatic character and thus its chemical re-
activity were due to the association of six valency elec-
trons and these six electrons imparted properties to ben-
zene much like the closed shell doublet of neon and the
octet of the other inert gases. This "aromatic sextet" was
symbolized by a circle and only meant the association of six
electrons and not any particular linking of them. This con-
cept of an "aromatic sextet" also afforded an explanation
for the condensed benzenoid compounds. Thus, this was the
first hypothesis that provided an explanation for the
chemical reactivity and structure of aromatic compounds
other than benzene.

Every theory put forward up to and including Robinson's
"aromatic sextet" was formulated in order to explain the
peculiar chemical reactivity (a property of the transition
state) of a class of compounds called aromatic. This ap-
proach to the defining of aromatics was completely changed
with the development of quantum mechanics in the 1920's and
its initial use in the development of the valence bond
theory by Heitler-London in 192721 and the molecular orbital
theory by Hiickel in 1931.22 Both the valence bond and
molecular orbital theories try to explain aromaticity on

the basis of the ground state of the molecule rather than

some transition state property. Both theories for the first
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time enabled chemists to develop a theory of aromaticity to
explain the basis for the chemical reactivity of aromatic
compounds and also allowed them to predict aromatic charac-
ter in yet unsynthesized compounds. The two theories ac-
complished these things with different degrees of success
because they were based on different assumptions.

Valence bond theory regards a molecule as being com-
posed of atoms which to a great extent retain their distinct
character even when bonded. The complete atom is brought
together with another atom, and in the process the orbitals
overlap and the electrons interact to form the familiar two
electron localized bond. In order to explain the bonding in
the symmetrical benzene molecule, valence bond theory intro-
duced the concept of "resonance" and "resonance energy".

The idea of resonance is based on a set of wave func-
tions for a molecule, each of which may be regarded as a
reasonable approximation to the true wave function for the
ground state. A suitably-chosen combination of these wave
functions will then be an even better approximation to the

3 When this is done one obtains the

true wave function.?
wave functions which correspond to the two Kekule structures
of benzene as the major contributing wave functions to the
combination. Furthermore, an estimate of the energy based
on the mixture of the functions will be lower than an esti-
mate based on any of the individual functions making up the

combination. This difference of energy between the mixture

of functions and any individual function is called the
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resonance energy. The reduced chemical reactivity of ben-
zene as compared to three isolated olefinic bonds is a
result of this resonance energy.

The problem with the valence bond theory is that it
predicts a sizeable resonance energy per m-electron for such
compounds as cyclobutadiene and cyclooctatetraene.24 This
has not been observed and therefore its use as a predictive
tool has been diminished. However, Linus Pauling tries to
justify its use by saying:

I feel that the greatest advantage of the theory of
resonance, as compared to other ways (such as molecular
orbital theory) of discussing the structure of mole-
cules for which a simple valence bond structure is not
enough, is that it makes use of structural elements
with which the chemist is familiar.2%

Hiickel developed the molecular orbital theory and re-
ported it in 1931. In MO theory orbitals on atoms are
initially brought together and a linear combination of these
atomic orbitals produces a series of molecular orbitals of
differing energy. The electrons are then placed into these
‘molecular orbitals starting with the lowest energy orbital
and filling each orbital of increasing energy according to
Hund's Rule and the Pauli Exclusion Principle, until all
the initially available electrons are used. Of course, this
is not quite as easily visualized as the traditional idea
of the two-electron localized bond. However, it provides
better predictive ability than does the valence bond theory.
As a consequence of Hilickel's MO theory, he was able to make

a general rule which became known as Hickel's Rule. It
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states that "amongst fully conjugated, planar monocyclic
polyolefins only those prossessing (4n + 2) m-electrons,
where n is an integer, will have special aromatic stabil-
ity."22 As a corollary, all similar systems with 4n 7-
electrons will not possess any special aromatic stability.
This rule has been proven to work for many compounds with
n < 3 and for some compounds where n > 3.

However, there are the larger monocyclic ring systems
where Hiickel's Rule and HMO theory begin to show inconsist-
encies. For example, in the larger annulenes, n > 4, ac-
cording to HMO theory, the difference between localized
(normal polyolefins) and delocalized ("aromatic"compounds )
energy increases as ring size increases and the stability
difference between (4n + 2) and 4n r-electron systems goes
to zero at higher n values (see Figure 1).26 The latter
statement has been shown to be true with the higher annul-
enes. Those compounds which should show aromaticity no
longer do so but act like polyolefins. The former state-
ment does not agree with the observed facts. The delocali-
zation energy of the annulenes does not increase as the
size of the ring system increases. 1In addition to this
latter criticism, it is evident from Figure 1 that HMO
theory predicts resonance stabilization for even the 4n
series. This has been shown to be untrue. The lower mem-
bers of the 4n series actually show a sizeable destabiliza-
tion--a negative delocalization energy.27 Thus Hiickel's

Rule does give a good qualitative or relative prediction of




11

(ev

RE or DE

-1.0[

-1.5 { S | S0 (O Ol NS (G | S S O LARN ey, ol |
4 6 8 10 1214 18 22 26 30

T-Electrons

Figure 1

aromaticity to monocyclic ring systems, but gives very
poor qguantitative results for delocalization energies. As
M. J. S. Dewar states: "The main value ot the Hiickel method
lies in the facility with which it can be used to generalize
chemical phenomena in a gualitative or even a semi-quanti-
tative [for small values of nj manner ."28

In order to remove the quantitative discrepancies of
the HMO method, many theoreticians since 1931 have sought
better guantum-mechanical methods, using fewer or more logi-
cal approximations in the calculations. M. J. S. Dewar
published some of his work in 196526 in which he used three
different methods to determine the delocalization energies

of the monocyclic, conjugated ring system known as the
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annulenes. The results of the three methods are shown in
Figure 1. The three methods were the HMO method, PPP method
which is a combination of Pople's method and Pariser, Parr
values, and finally the SPO or split p-orbital method. The
Hickel method, of course, assumes a planar polygon geometry,
equal carbon-carbon bond lengths, and no electron-electron
repulsions and because of these assumptions gives the results
previously discussed. The latter two methods were developed
so as to eliminate these assumptions. The results shown
agree fairly well with the available experimental data. Thus
it is seen that the relative aromatic stabilities of the
(4n + 2) m-electron and the 4n r-electron systems do ap-
proach a common value as predicted by HMO theory and Hiuckel's
Rule; but contrary to HMO theory and consistent with experi-
mental data, this value is not an ever-increasing delocaliza-
tion energy but a value of zero delocalization energy. 1In
addition, it accounts for the negative delocalization
energies or antiaromaticity of the 4n series. The calcula-
tions also show at approximately what value of n the (4n + 2)
system becomes a simple polyolefin. This agrees with the
observation that [22] annulene2?? is iromatic but that [30]
annulene?? is non-aromatic.

Based on these results Dewar proposed the following
definition for aromaticity:3? Cyclic conjugated systems are
considered aromatic if cyclic delocalization of electrons
makes a negative contribution to their heats of formation.

It should be mentioned here that even Dewar's calculations
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show too rapid a decrease in resonance energy for the

(4n + 2) m-electron system, but they have produced the
closest agreement with experimental data for compounds hav-
ing large n values. Figeys3! in 1970 confirmed Dewar's
results by another MO method.

Both Dewar's and Hiickel's works were concerned with
the resonance energy--the extra stabilization imparted to
the aromatic molecule by the cyclic conjugated arrangement
of the double bonds. Dewar's calculations can be and in
most cases have been verified by experimentally determined
heats of combustion and hydrogenation. However, there is
another measurable physical property of the olefinic com-
pounds which has been used to categorize the aromaticity of
these cyclic conjugated systems. This physical property is
the diamagnetic anisotropy32:33.34 of the molecule, and the
consequences of this property are the observed paramagnetic
and diamagnetic chemical shifts in the NMR for the vinyl

protons on the interior and exterior of the ring.3%

This is
a criterion which is concerned with the ground state of the
molecule which has been perturbed very slightly by the
presence of a magnetic field.

If a closed conjugated path about which 7-electrons
can circulate exists in a molecule, then upon being placed
in a magnetic field, the field will induce a flow of the 7-
electrons around that circular path. The circulating elec-

trons will in turn produce their own small magnetic field.

If the circular path is perpendicular to the applied
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external magnetic field, Hy, then the induced magnetic field,
H', of the circulating m-electrons will oppose the applied
field (see Figure 2). This induced ring current and mag-
netic field can be observed and has been used as a criterion
for aromaticity.36 However, its direct measurement is dif-
ficult and can only be done on crystalline material.

As mentioned earlier, the effect of the induced ring
current and magnetic field on the chemical shifts of protons
in the NMR can be observed. This fact eliminates the prob-
lem of using only crystalline samples; both liquids and
solids can be used. Figure 2 illustrates the effect of the
magnetic field on a proton externally attached to the ring
and also indicates what would happen to a proton within the

ring for a diamagnetic ring current.
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A proton external to the ring feels the positive en-
hancement of the applied magnetic field by the induced mag-
netic field. Therefore, an external field, Hg, smaller by
the amount of the induced field, H', must be applied, and
the resonance of that exterior proton will appear at a lower
applied field value than for a linear olefinic proton. The
reverse is true for a proton within the ring. The phenom-
enon just described is due to a diamagnetic ring current.
The opposite effect, exterior protons shifted up-field and
interior protons shifted down-field, is caused by a para-
magnetic ring current. If there is no significant shift of
the olefinic protons from their normal value of § 4-6, then
there is no induced ring current present and hence no ex-
tensive delocalization of r-electrons. It should be men-
tioned at this point that an observed paramagentic or dia-
magnetic ring current in a molecule can only give a quali-
tative statement of r-electron delocalization and no
quantitative statement.

Sondheimer was the first to use this phenomenon exten-
sively to determine the delocalization of r-electrons in the
annulenes. These compounds are quite well suited for this
technique because they possess both internal and external
protons in different amount. So one can see both the up-
field and down-field shift of the protons when the magnetic
effect is present. It has been observed by Sondheimer that
the [4n] annulenes give rise to a paramagnetic ring current

and that [4n + 2] annulenes cause a diamagnetic ring current.
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It has further been observed that some of the higher annul-
enes give only the chemical shifts of normal olefinic pro-
tons: in other words, no r-electron delocalization. So it
appears that the use of the magnetic anisotropy and NMR chem-
ical shifts of molecules allows one to determine the pres-
ence of n-electron delocalization and whether it is associ-
ated with a 4n or (4n + 2) r-electron system. Hence, one
has available a qualitative criterion for aromaticity. The
results of the application of this criterion and of Dewar's
and Hiickel's criteria to two series of monocyclic conjugated
ring systems, the annulenes, and the hetero- annulenes will
be presented in the next section.

From this brief discussion of the history of the con-
cept of aromaticity, one can see a shift in emphasis from
the use of odor and chemical reactivity in the 1800's to the
use of ground state properties in the twentieth century as
criteria for the definition of aromaticity; a broadening of
the scope of aromaticity from benzene only to benzenoid
compounds and finally to the non-benzenoid species; the use
of MO theory with a variety of refinements to calculate and
predict the ground state properties of the aromatic com-
pounds; and the application of heats of combustion and
hydrogenation and NMR chemical shifts to verify or nullify

the calculations and predictions.
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Aromaticity in the Annulenes

Benzene is the second member of a series of moncyclic,
alternant hydrocarbons with alternating double and single
bonds which have either 4n or (4n + 2) out-of-plane 7-
electrons. This series is called the annulene series and
each member is designated as either a [4n] annulene or a
[4n + 2] annulene.37 Benzene is also the first member of
the [4n + 2] annulenes, and cyclobutadiene is the first mem-
ber of the [4n] annulene series. Cyclobutadiene has re-
sisted isolation to date despite many attempts and the only
other annulenes which were synthesized prior to 1959 are
benzene and cyclooctatetraene. Since then Sondheimer and
co-workers have synthesized approximately thirty-six
annulenes ranging from [12] annulene to [30] annulene. Al-
though the isomer 9a of [10] annulene has not been iso-
lated, probably as a result of the non-bonded hydrogen-

hydrogen interactions within the ring, two other isomers

(gpvand 9c) have been isolated and characterized by Masamune3$

92 20 9%

Because the heats of combustion and hydrogenation for
only benzene, cyclooctatetraene, and [18] annulene have
been determined, quantitative confirmation for HUckel's or

Dewar's calculations can not be given, but the relative or
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qualitative trends which their calculations predict can be
observed by the NMR chemical shifts which arise as a result
of the magnetic anisotropy of the molecules. This data for
the annulenes and dehydroannulenes (annulenes with a triple
bond) is given in Table I. It should be evident that the
dehydroannulenes should still be able to sustain a ring
current in a magnetic field just as the annulenes do be-
cause they still have a continuous, cyclic array of out-of-
plane r-electrons.

It becomes apparent upon looking at the data that the
{4n] annulenes show a paramagnetic ring current as evidenced
by the up-field shift of the external protons and the down-
field shift of the internal protons; the [4n + 2] annulenes
show a diamagnetic ring current as shown by the opposite
shift of the corresponding protons. This phenomenon can only
exist if the molecule can be planar. Any deviation from
planarity will reduce correspondingly the amount of ring
current. When the molecule is quite non-planar, the ole-
finic protons resonate at the normal values of 7t 4-6. This
is evident for cyclooctatetraene and the lower members of
the 4n and (4n + 2) series--compounds 9b, 9¢, 11, 12, 13,
14, 15, and 18. As the ring size increases above [12]
annulene, the rings can become planar or nearly so, and
they exhibit the necessary chemical shifts for 4n paramag-
netic and (4n + 2) diamagnetic molecules. The NMR spectra
are very temperature-dependent. This temperature depend-

ency is the result of the flexibility imparted to the large




19
rings by the energy present at room temperature. This
flexibility of the molecule allows the protons to become
equivalent or nearly equivalent. As the temperature is
lowered, the molecule becomes less and less flexible until
it finally is rigid enough for one to observe the absorp-
tions of the unique inner and outer protons. It is the
magnetic properties of the molecules at this inflexible
stage (after removal of the external effects of temperature)
which should allow one to determine the aromatic character
of a molecule.

According to Dewar's calculations and Hiickel's Rule,
the (4n + 2) r-electron system should be aromatic and the
4n r-electron systems should be antiaromatic, the two sys-
tems converging to nonaromaticity above 22 y-electrons. The
NMR data verify these predictions. The [4n + 2] annulenes
up to and including [22] annulene show aromaticity; the [4n]
annulenes show antiaromaticity. As expected, [24] annulene
is not aromatic, but there is some ambiguity as to the
aromaticity of [26] annulene. Monodehydro[26]annulene, 42,
shows a small diamagnetic ring current, but 1, 9, 17-tri-
dehydro[26]annulene, 43, shows no ring current; in other
words, it is polyolefinic in character. Although this
ambiguity exists, the [26] annulenes appear to be almost,
if not completely, polyene-like, because even though 42
shows a ring current, its effect is small. (28] Annulene
has not been synthesized yet, although being a [4n] annul-~

ene it might have a paramagnetic ring current providing
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it is planar. NMR data is not available for the three im-
pure [30] annulenes that have been reported by Sondheimer.
However, their extreme reactivity towards decomposition
seems to indicate that they are not aromatic and act like
normal polyenes. From this data that is presently avail-
able, it is still not certain that Dewar's prediction for
disappearance of aromatic stability above 22 r-electrons is
correct, at least for the annulenes. Further experimental
data is needed. The hetero- annulenes discussed in the
next section will provide some additional, but still incon-

clusive, evidence for Dewar's predictions.

Aromaticity in the Hetero-annulenes

The hetero-annulenes are species in which one or more
of the carbon atoms in the annulene ring are replaced by a
hetero-atom and/or the annulene ring is bridged by one or
more hetero-atoms. The hetero-annulenes, porphyrins, cor-
roles, and sapphyrins are examples of hetero-annulenes and
are listed in Table II along with their NMR and UV spectral
data. It has been shown that the perturbation of the
annulene ring by the presence of the bridging nitrogen atoms
and ethylenic bonds in the porphyrin ring system is quite
small and these compounds do behave almost like the annulene
hydrocarbons .38 Many workers (references in Table II) have
extended this fact to compounds with bridging atoms other
than nitrogen; it appears that this extension is not un-

reasonable. Because of these facts, one might expect that
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the hetero-annulenes would possess similar characteristics
of aromaticity as do the annulenes corresponding to the
presence of (4n + 2) or 4n r-electrons, providing that the
molecule is planar.

The effect of planarity on the aromaticity of (4n + 2)
m-electron systems is very well illustrated by the hetero-
annulenes. The attainment of aromaticity by the hetero-
bridged [10] annulenes as compared to [10] annulene itself
and the loss of aromaticity in the sulfur-bridged [18] an-
nulenes are good examples of the importance of planarity.
Isomer 9a of {10] annulene is non-planar because of the
hydrogen-hydrogen interaction as stated in the previous
section. Upon removal of those hydrogens and their replace-
ment by either a -CHy- group (10), an -O- (47), or an -NH-
group (48), the molecule can become planar and the (4n + 2)
m-electron system exhibits aromatic character. 1In the 18 7-
electron system, éi' the space requirement for the three
sulfur atoms is too large for the center cavity and so the
molecule is non-planar and non-aromatic. For those hetero-
annulenes in Teble II that can become planar or nearly
planar, a paramagnetic ring current for 4n systems and a
diamagnetic ring current for (4n + 2) systems are observed.
These observations are confirmed up to and including com-
pound 76, a 4n r-electron system. No 26 or 28 r-electron
system has been reported, so a gap in the critical area of
Dewar's prediction exists. Finally, the 30 7-electron
system, 77, shows no aromaticity and acts like separate

furan rings and ethylenic bonds.
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Purpose of Present Investigation

As stated in the previously presented history of aro-
maticity, Dewar predicted that the loss of aromaticity and
antiaromaticity for the (4n + 2) and the 4n 7-electronic
systems respectively would occur above 22 ry-electrons. Data
from the annulenes of Sondheimer shows good agreement up to
the cut-off point of 22, but there exists some ambiguity in
the region of 26 r-electrons and higher. This ambiguity
also exists in the hetero-annulenes because no 26 or 28 -
electron systems have been reported.

It is this gap in the experimental data in which a com-
pound is needed to verify or refute Dewar's prediction that
prompted the synthesis of a 26 g7-electron system which pos-
sesses bridging groups that would be expected to reduce the
flexibility of the molecule ana thus enhance the chances of
its being planar. A molecule that might satisfy these re-
quirements is compound 78. It is a diaza [26] annulene
which is bridged by two ethylenic groups and two imino
groups. This molecule could conceivably be synthesized by
starting with pyrrole and using reactions which have their
precedence in porphyrin syntheses. Because both alpha and
beta positions in pyrrole are reactive sites, it was de-
sirable to block the beta positions; this was done by the
use of methyl groups. A symmetrical substitution of two
methyl groups was used to avoid the formation of structural
isomers later in the synthesis. Upon introduction of two

additional bridging groups into 78 later in the sequence,
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the final 26 r-electron system sought was the title compound

79.

7
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DISCUSSION AND RESULTS

3,4-Dimethylpyrrole, 80, was chosen as the starting

material for the construction of the ring system 78 because

/
n\
H
L7
it possesses only reactive g-positions, thus preventing re-
action at the [--position, and it is symmetrical, eliminating
structural isomers later in the synthesis. The precursor to
80 was ethyl 3,4-dimethylpyrrole-~2-carboxylate, 83, which was

prepared according to the procedure of Badger,8? Scheme 1.

®
Na’
06 v s B8\ ]\
HOAC/H,0 =+
N g 2l HOAC/H;0 € St
3 M K
£ = ~CO,CH,CH;
81 82 83 84
Scheme 1

The condensation of diethyl 2-aminomalonate, which results
from the reduction of 82 in situ, can give either ethyl
3,4-dimethylpyrrole-2-carboxylate, 83, or ethyl 4,5-dimethyl-
pyrrole-2-carboxylate, §1, depending on whether the

48

L.
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aldehyde or the ketone group in 3-formyl-butan-2-one, §1/ is
attacked. Since the aldehyde group is the more reactive, one
would expect compound 83 to predominate. Badger reported
that 83 was the only product isolated, even though he looked
for the 4,5-isomer §é:

Upon repeating Badger's procedure, this author found,
however, that there was approximately 20% of ethyl 4,5-di-
methylpyrrole-2-carboxylate along with 80% of 83 in the pro-
duct mixture. This was determined by integration of the peak
areas of the 3-, 4-, and 5-methyl groups in the NMR spectrum
of the mixture. The 3-methyl appeared at & 2.28, the 4-
methyl at ¢ 2.01, and the 5-methyl at ¢ 2.21. Recrystalliza-
tion of the product mixture from isooctane as reported by
Badger afforded a partial separation of the isomers but not
a complete one. Pure 83 crystallized out of solution, but
upon evaporation of the mother liquor, about one half of the
initial amount of material remained. The NMR spectrum of
this solid indicated approximately a 60:40 mixture of the
3,4- and the 4,5-isomers still remained.

Chromatography of the above mixture using a variety of
solvents did not give a satisfactory separation of the two
isomers, although with alumina and chloroform a small amount
of the 4,5-isomer 84 was isolated and verified by comparison
of its melting point with that reported in the literature.990
With this result, it was decided to convert the mixture of
pyrrolic esters into a compound which might have properties

sufficiently different to affect a separation and yet be







50

convertible back into the pyrrolic esters after separation.
It has been reported by several people that halogena-

tion of the pyrrole ring can be affected by reaction of

pyrrole with halogen, and it has further been shown that the

halogenated pyrroles can be reduced to the dehalogenated

ring in several ways.®! With this knowledge and the expecta-

tion that halogenation might take place preferentially at

the more reactive and accessible g-position of 83 rather

than at the f-position of 84, the iodination of the pyrrolic

ester mixture was attempted using KI/H,0, as the iodinating

species.

DS D3+ T8+ 10

83 81 85 86 81

The expected selectivity of reaction and the desired
difference in adsorptivities on a chromatographic column
were observed. Iodination of the mixture followed by sep-
aration on a silicic acid column eluted with benzene gave a
45% yield of ethyl 3,4~dimethyl-5-iodopyrrole-2-carboxylate,
85, as the first fraction off the column. The melting
point of 130.5-131.5° is in agreement with the literature
value of 133-134°,92 and the infrared spectrum®3 also agrees.
Dehalogenation of 85 with zinc dust in acetic acid gave 83.
A second fraction yielded approximately 100 mg of

ethyl 4,5-dimethyl-3~iodopyrrole-2-carboxylate, 86, as a




r______________444444444
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white crystalline solid whose melting point was 152.5-1559,
The NMR of 86 shows a quartet (J = 7Hz, 2H) at & 4.37 and a
triplet (J = 7Hz, 3H) at & 1.38 corresponding to the ethyl
group in the ester, and two singlets, one at ¢ 2.28 (3H)
and another at & 2.0 (3H) which correspond to the 5-methyl
and 4-methyl respectively. In addition there is a lack of
absorption ig the region & 6.5-7.0 where the a- or B-pyr—
rolic hydrogens normally appear. The mass spectrum of EE
has a parent peak at 293 corresponding to a CgH;aNOpI com-
pound. Finally, reduction of 86 gave ethyl 4,5-dimethyl-
pyrrole-2-carboxylate, 84, melting point 113-1150 in agree-
ment with the literature, 114-1169.90

The third fraction gave 300 mg of ethyl 4,5-dimethyl-
pyrrole-2-carboxylate. Thus the results confirmed the ex-
pected selectivity of reaction at the g-position, and the
iodinated products did allow a chromatographic separation.

Once the preparation and purification of ethyl 3,4-di-
methylpyrrole-2-carboxylate, 83, was accomplished, 83 was
hydrolyzed and decarboxylated according to the procedure
of Badger®4 to give a 97% yield of 3,4-dimethylpyrrole, 80,
and a 5% overall yield from the sodium salt of 3-formyl-
butan-2-one, 81.

There are several routes for the synthesis of the ring
system 78 from 80. The first route attempted is that shown
in Scheme 2. 1In the first step, 80 with its two free a-
positions would react, possibly by a Michael-type reaction

Or Grignard reaction, at carbon 1 of a three-carbon unit
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containing a functional group "X" on the third carbon to

give 88.
X
X R
2/ \; + o= cz—tﬁ e
N R
B
80
¢! 88
—
90, 89
Scheme 2

In the second step, 88 with the appropriate functional
group "X" could react with an additional two molecules of 80
to give 89. cCompound 89 in turn would react with a molecule

of 88 to give 90, a derivative of 78.




53

Since the pyrrole ring is convertible into a Grignard
species in which the g-position is the nucleophilic site,
"X" could be either a halogen, tosylate, or a carbonyl group.
These would permit carbon-carbon bond formation to take
place by nucleophilic substitution in the second step of the
sequence. The three-carbon unit chosen to meet the require-

ments was 3-butyn-2-one, 87! it has been shown that the a-

position of the pyrrole ring adds across the acetylenic bond?5
of 3-butyn-2-one by a Michael reaction to give a monosubsti-

tuted pyrrole. Thus, 87 allows attachment of the three-

carbon unit to 80. It also was anticipated that 87 might

add to both sides of the more nucleophilic dialkylpyrrole,
80, to give a symmetrical tetraalkylpyrrole. In addition to
the above features of disubstitution by the triple bond, 87
possesses the necessary electrophilic site (or the source

for an alternative reactive site) at the third carbon for
reaction with a Grignard species. Treatment of 3,4-dimethyl-
pyrrole, 80, with two equivalents of 87 in refluxing methanol
for 40 hours gave upon work-up a 54% yield of 2,5-bis(3-oxo-
butenyl)-3,4-dimethylpyrrole, 91, as golden crystals melting

at 241-242°. The spectral data confirms the structure of 91.

0 R
[\ + HEC—E-CH; —_ ¥
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The N-H hydrogen in 91 is rather acidic as a result of
the extended conjugation of the ring with the carbonyl
groups. Because of this, compound QL is not suited for re-
action with a strong base like the Grignard species. There-
fore, 91 was reduced with NaBH, in methanol to give a cream-
colored solid. Its NMR spectrum in DMSO-dg indicated that
the desired reduction product, 92, had been formed: an ABMPg

= 4Hz, J

pattern (6 6.38, 6.05, and 4.33; Iap = 15Hz, J, AM

BM
=0, and Iup = 6Hz) corresponding to 4H (& 6.38 and 6.05)
and 2H (¢ 4.33) respectively, a doublet at o 4.72 (g3 = 2Hz,
2H) for the hydroxyl hydrogen, a singlet at 6 1.91 (6H) for
the 3,4-methyl groups, and a doublet at ¢ 1.2 (Pof ABMPg3,
JMP = 6Hz, 6H) for the terminal methyl groups. Upon treat-
ment of this compound with tosyl chloride in pyridine to
form 93, only tarry solids were obtained which did not yield

any identifiable products.

N
\
\ 3
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With these negative results for the conversion of gi to
93, attention was directed toward the synthesis of the
saturated diketone, 95. If the preparation of 95 could be
accomplished, then direct nucleophilic attack on the carbonyl
group could take place without the interference of the acidic
N-H hydrogen. Treibs has reported the electrophilic substi-
tution of acrylic esters on pyrrole and substituted pyrroles

catalyzed by boron trifluoride etherate.®® Application of

0
/ N\ + Hw:cu—?:—cu, —_
N
B
80 9t %

his procedure to the reaction of methyl vinyl ketone, 94,
and 80 gave only a tar. Webb?7 was able to substitute
pyrrole with 94 under mild acid conditions, and following
his procedure with 80 this author obtained again a viscous
liquid which could not be purified. Finally, it was found
that 2,5-bis(3-oxobutyl)-3,4-dimethylpyrrole, 95, could be
prepared in 87% yield by refluxing 80 and two equivalents of
94 in methanol for 4 hours. Compound gﬁ,is a pale yellow
viscous liquid boiling at 135-137°(0.15 mm). All spectral
properties agree with the structure of 95.

Reaction of 95 with the 3,4-dimethylpyrrole Grignard,

96, gave only an impure solid which was very air sensitive
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and unstable on either silicic acid or alumina columns.

97

Efforts to convert the magnesium alkoxide from the Grignard
reaction into the acetate of the alcohol were also unsuccess-
ful. It appears that if alcohol 97 is formed, it is very
unstable.

At this point, it did not seem that direct attack on

the ketone carbonyl or conversion of that carbonyl to a good
leaving group for participation in a nucleophilic substitu-
tion reaction was going to lead to success. It was thought
that perhaps the reaction of the pyrralic Grignard on an
ester, where the product would be a pyrrolic ketone, might
eliminate the experienced difficulties in the previous re-
actions. To this end, the sequence of reactions in Scheme 3
was carried out to prepare the diester 102.

The reaction of ethyl propiolate, 98, with 80 in re-
using the previous reaction of

fluxing ethanol was tried,

3-butyn-2-one, 87, with 80 as an example. A pale yellow

solid melting at 50-51.5% was obtained in 76% yield. The
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spectral information and C, H analysis indicated that this
compound was ethyl 3-(3,4-dimethylpyrrol-2-yl)propenoate, 99.
Hydrogenation of 99 at 40-50 psi and room temperature with a
pPd/C catalyst gavé a quantitative yield of ethyl 3-(3,4-
dimethylpyrrol-2-yl)propanoate, 100, in agreement with the
spectra for 100. It is a pale yellow liquid boiling at 87-
90°(0.2 mm) and is unstable on a silicic acid column.

A second molecule of 98 could be substituted on 100 to
give ethyl 3-(5-carbethoxyethyl-3,4-dimethylpyrrol-2-yl)-
propenoate, 101, in 47% yield as a pale yellow, waxy, Crys-
talline solid recrystallizable from pentane and melting at
41.5-43.5°. The NMR, IR, mass spectrum, UV and C, H analysis
confirmed its structure. Finally, 101 was reduced to give
a quantitative yield of diethyl 3,4-dimethylpyrrole-2,5-
dipropanoate, 102, as characterized by its spectral data.

Once 102 had been prepared, it was treated with the

3,4-dimethylpyrrole Grignard, 96, followed by the usual

96 102

of a white solid was

work-up, and a small amount (15%)
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isolated which was recrystallized from chloroform/pentane
and had a melting point of 148-150°. The NMR of the solid
was inconsistent with either compound 103 or starting mater-
ial, although it did indicate the presence of a free q-pyr-
rolic position. The mass of the largest ion in the mass
spectrum was 293 rather than the expected parent ion of 393.
Upon repeating the reaction three times, no solid product
could be isolated.

Having had no success with the Grignard approach to the
substitution of the two pyrrole rings at the ends of the
three-carbon side chains, the author looked at the possible
use of the Vilsmeier acylation reaction. Several groups®8,9°
have demonstrated that pyrrole and various substituted pyr-
roles can be acylated in yields of 93% down to less than 5%
by the Vilsmeier reaction. In order to utilize the Vils-
meier reaction in this synthesis, the N,N-dimethylamide
derivative of 102 was prepared. Hydrolysis of 102 gave ap-
proximately a 94% yield of the dicarboxylic acid, 104, This
green solid was then treated with triethylamine at 0-10°
followed by ethyl chloroformate to give the mixed anhydride
which was not isolated but reacted immediately with an ex-
cess of dimethylamine to give upon work-up a tan solid,
recrystallizable from cyclohexane and melting at 101-102°,
The NMR for 105 was consistent for N,N,N',N',3,4-hexa-

mEthylpyrrole—2,5—dipropanamide.
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0

NGz 105

When lgélwas treated with phosphorus oxychloride in the
usual way?8/99 followed by two equivalents of 3,4-dimethyl-
pyrrole, §Q/ and worked up, no compound corresponding to 1Q§
except a small amount of starting material was isolated
after chromatography of the reaction mixture. Similar re-

sults were obtained upon repetition of the reaction pro-

cedure.







112

111 Schenme 4
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Since the several attempts to synthesize that portion
of compound 78, which possessed three of the four "corners"
and two of the "sides" of the 26 7-electron ring, ended in
dead ends, a new approach to the synthesis of the macro-
cyclic ring was sought. The approach taken was to synthe-
size compound 109, Scheme 4 -- a compound which incorporates
two "corners" and one "side" of the macrocycle 78. If com-
pound 109 could be made, then reaction of the trialkylpyr-
role rings with their free g-positions with 87 should give
110. Once 110 was synthesized, 109 and 110 could undergo

the typical condensation reaction of pyrroles with aldehydes

or ketones to give a hexahydro-78, 111. cCompound 111 could
then be dehydrogenated with DDQ or possibly by just bubbling
oxygen through a solution of 111 to give the decamethyl
derivative of 78, 112.

The synthesis of 109 should be possible by preparing
the dipyrryltrimethine salt, 108, followed by reduction. It
has been shown that trisubstituted pyrroles (where one
substituent is an ester group) and disubstituted pyrroles
(where the substituents are phenyl groups) condense with
1,3-dicarbonyl compounds under acid conditions to give di-
pyrryltrimethine salts like 19&.100.101 This condensation
has also been accomplished by LeGoff!02 using a trialkyl=-
pyrrole and 1,1,3,3-tetramethoxypropane, lgl. The attempts
to react 80 with 107 under hydrogen bromide catalysis
Proved unsuccessful. The only thing observed was the forma-

tion of a deep purple solution and isolation of a small
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amount of a brownish-red solid which was insoluble in almost
all solvents. Extraction in a Soxhlet with methylene chlor-
ide gave a purple solution which upon evaporation of solvent
gave a deep maroon-colored solid, soluble in chloroform and
methylene chloride. The NMR of this solid was incompre-
hensible. Upon repeating the reaction with variations in
temperature, time of reaction, solvent, and mode of addition,
the same results were obtained.

Assuming that possibly electrophilic attack on the tri-
methine bridge was taking place, a substituted bridging
group was considered. This substituted bridging group would
have to be a symmetrically-substituted one in order to elim-
inate the problems of structural isomers later in the syn-
thesis. This could be accomplished by condensing 80 with
either cyclohexen-2-one, 113, or dihydroresorcinol, 114,

which would give the dipyrryltrimethine salt, 115.

13
iy + / N\
N
4
0
14
80 us

Treibs!®3 had shown that reaction of either 113 or 114
with several substituted pyrroles gave (in varying yields)

a trimethine salt analogous to 115. These salts all
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absorbed at approximately 565-590 nm in the visible spectrum.
Attempts at reacting 113 with 80 only led to an unpurifiable,
deep maroon-colored solid which appeared as a glass on the
walls of the flask upon removal of solvent.

Synthesis of 115 (X = I) was successful from 114 and
80 according to all information except the NMR. A crystal-
line metallic-green solid precipitates out of the red-violet
reaction mixture in 30% yield. After filtration, washing
with ether, and drying, the compound had a melting point of
248-2500 and had an absorption maximum in the visible range
at 575 nm. The absorption maximum of analogous trimethine
salts is at ~ 570 nm. The highest mass ion in the mass
spectrum of 115 is m/e 266, which is the parent minus HI
which is not to be unexpected. The infrared spectrum indi-
cates extensive hydrogen bonding of the N-H hydrogens and a
conjugated double bond system. The C, H analysis is in good
agreement with a C;gHp3NpI molecular formula for 115. Be-
cause of the low solubility of 115 in the available NMR
solvents, a 100 MHz spectrum accumulated on a time-averaging
computer (CAT) was run. A satisfactory integration of the
CAT spectrum could not be obtained because of a malfunction
in the CAT integration capability, and there was too low a
signal-to-noise ratio to allow a good integration of a single
scan. The spectrum from the CAT and the available integra-
tion shows a singlet at & 8.4 (1H) for the vinyl hydrogen,
a doublet at ¢ 7.64 (J = 4Hz, 1H) for apparently only one

a-pyrrolic hydrogen, a triplet at & 3.1 (J = 7Hz, 4H) for
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the allylic hydrogens, singlets at 6 2.42 (6H) and 2.13 (6H)
for the 3- and 4-methyls respectively. The two large,
broad singlets at § 1.64 and 1.32 do not fit the structure
of 115. These appear to be impurities.

The precedence for the reduction of 115 to 116 by
catalytic hydrogenation with Pd/C in a Parr hydrogenator is

found in the reduction of 117 to 118.

117 118

The NMR of 116 shows a broad singlet at & 7.63 (2H)
corresponding to the N-H hydrogens, a poorly-defined doublet
at 4 6.43 (2H) for the a-pyrrolic hydrogens, a complex
multiplet with two well-defined singlets from & 3.03 to
1.36 (22H) corresponding to the 12 methyl hydrogens, the 8
methylene hydrogens, and the 2 methine hydrogens. From all

the spectral data, except some parts of the NMR of 115, and

the reduction product 116, it appears that the structure of

115 is that shown.
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The next step in the sequence was to react 116 with 87

to give 119. The small amount of available 116 was reacted

116 119

with 87 and upon workup and chromatography on alumina with
10:2 benzene - methylene chloride, no identifiable product
was isolated. Due to the lack of trimethine salt, llg, this
reaction was not repeated.

The reaction leading to the trimethine salt, 120, was
tried, using ethyl 3-(3,4-dimethylpyrrol-2-yl) propanoate,

100, as the pyrrole source. When 100 and 114 were refluxed

for 3 1/2 hours with 51% HI and worked up, a green solid was

obtained which was recrystallized from cyclohexane-methanol

to give green needles melting at 136-138°. The NMR and the

infrared spectra agree with structure 120. The NMR has a

singlet at ¢ 8.05 (lg) for the vinyl hydrogen, a quartet at
5 4.13 (J = 7Hz, 4H), and a triplet at & 1.25 (J = 7Hz, 6H)

for the two ester ethyl groups, a complex multiplet at

6 3.4-2.83 (12H) for the side chain methylenes and the






AN OEt _+_

100

120

allylic hydrogens, and then two singlets, one at & 2.31 (6H)
for the 3,3'-methyls and & 2.01 (broad, 8H) for the 4,4'-
methyls and the symmetrically-located methylene in the six-
membered ring. Its UV maximum is at 597 nm.

It was with the synthesis of 120 which incorporates
two "corners" and three "sides" of the 26-membered ring
system that the synthesis of the title compound was termin-
ated due to other commitments. However, it is evident from
the last few reactions, that the synthetic approach most
amenable to the successful synthesis of the title compound
or a derivative is the path utilizing an appropriately sub-

stituted trimethine salt such as 120 or the saturated






68

derivative, ZLEJ for the cyclization to the 26-membered
ring. This cyclization step will probably be the poorest
step in the sequence because of the large distances between
the reacting ends of the linear tetrapyrrolic species. But
if the reaction is done under high dilution, a respectable

yield should result without much polymerization. The final

step involving oxidation to give the completely conjugated
system should be a facile one. It has been observed in the
porphyrin syntheses from bilanes that the oxidation which
gives the porphyrin ring is accomplished by aeration of the
reaction mixture.104

Future work should include the preparation of 119 and
then condensation of it with 116. Also the condensation of
120 with 116 should be attempted. If an alternative to
these two sequences is needed, then preparation of some

other appropriately substituted trimethine salt ought to be

investigated.



EXPERIMENTAL

General Procedure
S=isnd rrocedure.

The melting points were determined on a Thomas Hoover
Uni-melt melting point apparatus and are uncorrected.

The infrared spectra were recorded on a Perkin-Elmer
Model 237B spectrophotometer. The NMR spectra were obtained
on a Varian T-60 and HA-100 spectrometer with chemical
shifts reported in 6-units measured from tetramethylsilane
as the internal standard. The UV spectra were recorded
using a Unicam Model SP-800 spectrophotometer using 1 cm
quartz cells. Mass spectra were obtained with a Hitachi
Perkin-Elmer RMU-6 mass spectrometer.

Microanalyses were performed by Spang Microanalytical
Laboratory, Ann Arbor, Michigan.

Ethyl 3,4-dimethylpyrrole-2-carboxylate (83) and Ethyl 4,5-
dimethylpyrrole-2-carboxylate (84)

A solution of 142,5 g (2.06 mole ) of sodium nitrite
in 210 ml of water was added dropwise over a 20 hour period
(slowly enough to prevent evolution of nitrogen oxide gases)
to a vigorously stirred solution of 120 g (0.75 mole) of
diethyl malonate in 130 ml of glacial acetic acid. After

20 hours the solution was added to a separatory funnel and
69
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allowed to separate into a lower aqueous layer and an upper
organic layer for 3 hours. The layers were separated and
the organic layer was added to a solution of 70 g (0.574
mole) of the sodium salt of 3-formylbutan-2-one in 250 ml of
glacial acetic acid and 100 ml of water which was than
heated to 959. Upon reaching 95°, 75 g (1.15 mole) of zinc
dust was added at such a rate as to maintain the temperature
petween 95-105°. When all the zinc had been added, the mix—
ture was heated at 100-105° for one hour. The mixture was
then slowly poured into approximately 2 liters of ice-water
and chilled in the refrigerator overnight. The orange solid
that precipitated was filtered, washed with water, and dried
in vacuo over P,05. The dry solid was sublimed at 780 (1 mm)
to give approximately 9 g (10%) of a cream-colored solid
melting at 84-90°. This solid was purified by recrystalliza-
tion from isooctane yielding white needles of ethyl 3,4-di-
methylpyrrole-2-carboxylate: mp 91-93° (lit. value 930) .89
Some of the sublimed material was chromatographed on
alumina with chloroform giving ethyl 3,4—dimethylpyrrole—2—
carboxylate as the first fraction. A second fraction pro-
vided a small amount of a cream-colored solid with mp 113-
1159, The melting point and infrared spectrum are identical
with the literature for ethyl 4,5—dimethyl—pyrrole-2—carbox—
ylate.?® The NMR spectrum of the sublimed material from

subsequent runs indicated approximately 20% of the product

mixture was the 4,5 isomer .
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Ethyl 3,4-dimethylpyrrole-2-carboxylate -- mp 91-930;

ir (CHCly) 3440 and 3275 cm™* (N-H), 2950, 2900, and 2840

(c-H), 1670 cm *

(c=0), 1575 cm™* (c=c), and 1260, 1140
cm™* (c-0): nmr (cpcly) & 6.7 (4, J = 2Hz, 1H, a-H), 6 4.35
(a, g = 7THz, 2H, -O-CH,CHg), & 2.28 (s, 3H, 3-CHg), 6 2.01
(s, 3H, 4-CH3), and & 1.35 (t, J = 7Hz, 3H, -O-CH;CHg)-
Ethyl 4,5-dimethylpyrrole-2-carboxylate -- mp 113-1159;

ir (CHCl,) 3440 and 3280 cm ' (N-H), 2960, 2900, and 2840

em™ (c-H), 1675 em™' (c=0), 1575 cm™ > (c=c), and 1225 cm™*
(c-0); nmr (cpcly) 6 6.72 (s, 1H, B-H), 6 4.32 (q, J = 7Hz,
2H, -O-CHyCHg), & 2.21 (s, 3H, 5-CHg), 6 2.01 (s, 3H, 4-CH3),

% 1.33 (t, J = 7Hz, 3H, -O-CH,-CHs).

Separation of ethyl 3,4-dimethylpyrrole-2-carboxylate (83)
and ethyl 4, 5—d1methylpyrrole-2 carboxylate (84) --
ethyl 3, 4—d1methyl ~5-iodopyrrole-2-carboxylate (85)
and ethyl 4,5-dimethyl-3-iodopyrrole-2-carboxylate (86)

To a solution of 17.0 g (102 mmole) of the pyrrolic
ester mixture (83) and (84) recovered after recrystalliza-
tion from isooctane, 6 g (100 mmole) acetic acid, and 11.4 g
(100 mmole) of 30% H,0, in 150 ml of ethanol at 80° was
added dropwise a solution of 17 g (100 mmole) potassium
iodide in 75 ml of water. The solution was heated at 80°
overnight, at which time the red color of the iodine had
disappeared. The solution was cooled and crystallized in
the refrigerator. A cream-colored solid (15.4 g) was col-
lected upon filtration. The filtrant was diluted with its

volume of water and again cooled. An additional 4 g was
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obtained. The crystals were dried over P,05 in vacuo. One
gram of the dried material was chromatographed on silicic
acid with benzene. The first fraction gave 800 mg of a
white crystalline solid whose melting point corresponds to
the literature value for ethyl 3,4-dimethyl-5-iodopyrrole-2-
carboxylate: mp 130.5-131.5% (lit. value 133-1340);92 ir

1

(CHClz) 3440 and 3225 cm = (N-H), 2975 and 2900 en™t (c-H),

1710, 1690, 1680 cm ' (c=0), 1560 en™? (c=c), 1225 and 1140
cn™* (c-0); nmr (cDCly) & 4.37 (q, J = 7Hz, 2H, -O-CH,-CHg),
6 2.3 (s, 3H, 3-CHg), 6 1.97 (s, 3H, 4CHz), o 1.35 (t, J =
7Hz, 3H, -O-CH,CH,); mass spectrum (70 eV) m/e 293 (parent).

Anal. Calc'd for CgH;,NO,I: C, 36.89; H, 4.13.

Found : C, 36.81; H, 4.12,

The second fraction gave 100 mg of a white crystalline
solid which is ethyl 4,5-dimethyl-3-iodopyrrole-2-carboxylate:
mp 152.5-1550; ir (CHCly) 3440 and 3275 cm™ ' (N-H), 2950,

1

2900, and 2850 cm™* (c-H), 1700, 1680 sh, 1660 cm™' (c=0),

1565 cm™' (c=c), 1240 cm "

(c-0); nmr (cbclg) o 4.37 (q,
J = THz, 2H, -O-CH,CH3), ¢ 2.28 (s, 3H, 5-CH3z), & 2.0 (s,
3H, 4-CHy), ¢ 1.38 (t, J = 7Hz, 3H, -O-CHyCH3); mass spec-
trum (70 ev) m/e 293 (parent).
Anal. Calc'd for CgH;,NO,I: C, 36.89; H, 4.13; I, 43.32.
Found : C, 36.81; H, 4.03; I, 43.28-
The third fraction gave 300 mg of ethyl 4,5-dimethyl-

pyrrole-2-carboxylate.
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Reduction of ethyl 3,4-dimethyl-5-iodopyrrole-2-carboxylate
(85) and ethyl 4 5-dimethyl-3-iodopyrrole-2-carboxy-
late (86) to ethyl 3,4-dimethylpyrrole-2-carboxylate
83 and ethyl 4, 5—d1methylpyrrole—2—carboxylate (84)

To a solution of 300 mg (1.02 mmole) of the corresponding
iodopyrrole in 5 ml of acetic acid heated to reflux was added
in small portions 268 mg (4.1 mmole) of zinc dust. The mix-
ture was refluxed for 30 minutes after addition of the zinc,
cooled, and poured into 50 ml of water. The precipitated
solid was filtered, washed with water, and dried. Recrystal-
lization from ethanol gave 152 mg (90%) of the respective
dehalogenated pyrrole identified by its melting point and

NMR spectrum.

2,5-Bis (3-oxobutenyl)-3,4-dimethylpyrrole (91)

A mixture of 3.5 g (36.9 mmole) of 3,4-dimethylpyrrole
and 5.1 g (75 mmole) of 3-butyn-2-one in 125 ml of oxygen-
purged methanol was refluxed in a nitrogen atmosphere for
40 hours. Precipitation of the diketone began after approxi-
mately 5 hours. The mixture was cooled in an ice-bath and
the solid filtered. The golden crystalline material was
recrystallized from 95% ethanol to yield 4.6 g (54%) of

“' (n-H), 2900 cm™*

product: mp 241-242°; ir (KBr) 3300 cm
(c-H), 1675 cm™ ' (c=0, and 1630, 1615, and 1580 cm ' (c=);
nmr ((CF3),C0O-1.5 Hp0) & 7.71 and 6.55 (ABq, J = 16Hz, 4H,
vinyl hydrogens), & 2.46 (s, 6H, -CH3 a to C=0), and & 2.18
(s, 6H, 3,4-CHy's): uv max (CHClg) 283 (11,700), 317 (6350),

and 425 (23,500); mass spectrum (70 ev) m/e 231 (parent).
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Anal. Calc'd for Cy4H17NOy,: C, 72.79; H, 7.42.

Found : C, 72.83; H, 7.42.

2,5-Bis(3-hydroxybutenyl)-3,4~dimethylpyrrole (92)

To astirred solution of 0.25 g (8.06 mmole) of 2,5-bis-
(3-oxobutenyl)-3,4-dimethylpyrrole in 25 ml of methanol
cooled at 10° was added in small portions a two-fold excess
of NaBH,, allowing consumption of the portion before further
addition. The initially orange solution changed to a pale
yellow color indicating that reduction had taken place. The
mixture was poured into cold water and the product was ex-
tracted with ether. The ether layer was separated and dried
over KyCOz. The ether was removed and the resulting yellow
0il was dissolved in a minimum amount of chloroform, and
pentane was added until turbidity. The solution was cooled
and the solid filtered, washed with pentane, and then the
cream-colored solid was dried in a drying pistol. The com-
pound turns green upon exposure to air and silicic acid and
alumina columns. The NMR shows an ABMP3; pattern (& 6.38,
6.05, and 4.33; JAB = 15Hz, JBM = 4Hz, JAM ~ 0, and JMP =
6Hz), corresponding to 4H (¢ 6.38 and 6.05) and 2H (& 4.33)
respectively, a doublet at & 4.72 (J = 2Hz, 2&) for the
hydroxyl hydrogen, a singlet at & 1.91 (6H) for the 3,4~
methyl groups, and a doublet at & 1.2 P of ABMPg, J,

MP
6H) for the terminal methyl groups; ir (KBr) 3300 cm”

= 6Hz,

z broad

8

(N-H, 0-H), 2950, 2900, and 2840 cm ~ (c-H), 1700 and 1570

cm—1 (C=C).
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2,5-Bis(3-oxobutyl)-3,4-dimethylpyrrole (95).

Two grams (21.05 mmole) of 3,4-dimethylpyrrole, 3.242 g
(46.31 mmole) of methyl vinyl ketone, and a trace of hydro-
quinone were dissolved in 75 ml of methanol which had been
purged of oxygen in a flask equipped with a reflux condensor,
nitrogen bubbler, and a magnetic stirrer. The mixture was
refluxed under a nitrogen atmosphere for 4 hours. The
methanol was then removed on a rotary evaporator and the oily
residue was distilled under vacuum to yield 4.3 g (87%) of a

yellow oil: bp 135-37° (0.15 mm); ir (liquid film) 3375 cm "

(N-H), 2940, 2900, 2850 cm™ ' (c-H), 1720 cm™*

em™ (c=c); nmr (cDcly) 6 8.23 (s, 1H, N-H), 6 2.71 (s, 8H,

(c=0), 1620

methylenes), ¢ 2.13 (s, 6H, 3,4-CH3's), 6 1.9 (s, 6H, CHg a
to C=0); mass spectrum (70 ev) m/e 235 (parent).
Anal. Calc'd for Cy4Hp1NOy: C, 71.55; H, 9.01.

Found : C, 70.15; H, 8.68.

Ethyl 3-(3,4-dimethylpyrrol-2-yl)pro penoate (99)

Three grams (31.5 mmole) of 3,4-dimethylpyrrole and
4.5 g (46 mmole) of ethyl propiolate were added to 50 ml
of oxygen-purged dry ethanol and refluxed under a nitrogen
atmosphere for 15 hours. After removal of ethanol on a
rotary evaporator, the yellow residue was chromatographed on
alumina with 10:3 carbon tetrachloride-methylene chloride.
The first fraction yielded 4.62 g (76%) of a pale yellow

solid. This solid was sublimed at 40-45° (0.2 mm):
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mp 50-51.5%; ir [CHCly) 3260 cm ' (N-H), 3025 cm™' (olefinic

1

c-H), 2975, 2905, and 2850 cm * (c-H), 1675 cm (c=0), 1590

-1
* (c=c), and 1160 cm  (c-0); nmr (cDCly) & 6.8

and 1550 cm

and 5.47 (ABg, J = 12Hz, 2H, vinyl hydrogens), & 6.76 (d, 1H,

a-pyrrolic hydrogens), & 4.2 (q, J = 7Hz, 2H, -O-CH,CH;),

6 2.11 (s, 3H, 3-CHy), 6 2.03 (s, 3H, 4-CHz), and 6 1.3 (t,

J = 7Hz, 3H, -O-CH,CHg); uv (95% EtOH) 206 (11,980, 287

(3457), 349 (22,300); mass spectrum (70 ev) m/e 193 (parcnt).
Anal. Calc'd for Cy;H;5NO,: C, 68.45; H, 7.83.

Found : C, 68.45; H, 7.87.

Ethyl 3-(3,4-dimethylpyrrol-2-yl) propanoate (10Q).

A solution of 1.0 g (5.18 mmole) of ethyl 3-(3,4-di-
methylpyrrol-2-yl)propenoate in 200 ml of 95% ethanol con-
taining 0.3 g Pd/C was hydrogenated at 40-50 psi for 60
minutes at room temperature on a Parr hydrogenator. After
filtration of the catalyst and removal of solvent on a
rotary evaporator, a pale yellow liquid was obtained. This
was distilled at 87-90° (0.2 mm) to give almost a quantita-
tive yield of the desired product. The pyrrolic ester was
unstable on a silicic acid column. Ir (liquid film) 3375

> X

cm™' (N-H), 2975, 2940, 2900, and 2850 cm ' (C-H), 1720 cm *

3 4 &

(c=0), 1595 cm™" (c=c), 1210 and 1180 cm™  (C-0); nmr (cDClg)
4 8,16 (d, J = 2Hz, 1H, N-H), 6 6.36 (4, J = 1Hz, 1H, o~
pyrrolic hydrogen), & 4.15 (q, J = 7Hz, 2H, -O-CH,CH3), 6

2.66 (A,B, multiplet, 4H, methylenes), & 2.0 (s, 3H, 4-CHg),
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¢ 1.93 (s, 34, 3-CH3), and 6 1.2 (t, J = 7Hz, 3H, -O-CH,CHg);:
mass spectrum (70 ev) m/e 195 (parent).
Anal. calc'd for CyiH;,NO,: C, 67.75; H, 8.79.
Found s 1C;67.81: .H; 8.77.

Ethyl 3—(5—carbethoxyethyl-3,4-dimethy1pyrrol-2—x})—
propenoate (101].

A solution of 3.9 g (20 mmole) of ethyl 3-(3,4-dimethyl-
pyrrol-2-yl)propanocate and 2.94 g (30 mmole) of ethyl
propiolate in 50 ml of oxygen-purged ethanol was refluxed
under a nitrogen atmosphere for 4 hours. The orange solu-
tion that resulted was concentrated on a rotary evaporator
and the residue chromatographed on alumina with 5:6 benzene-
methylene chloride. The first fraction gave 2.74 g (47%) of
a pale yellow, waxy solid which was recrystallized from
pentane to yield pale yellow needles: mp 41.5-43.5%; ir
(CHCl,) 3240 cm ' (N-H), 2960, 2900, and 2840 em™ (c-H),
1720 and 1670 cm * (c=0), 1580 and 1550 em™ (c=c), and
1160 cm™* (c-0); nmr (cpcls) & 6.73 and 5.37 (ABq, J = 12Hz,
2H, vinyl hydrogens), ¢ 4.2 (q, J = 7Hz, 2H, -O-CH,CHz on
unsaturated ester), & 4.16 (q, J = 7Hz, 2H, -O-CH,CH3 on

saturated ester), ¢ 2.77 (AyBp multiplet, 4H, methylenes),
51.28 (t, J

¢ 2.05 (s, 3H, 4-CHy), 0 1.95 (s, 3H, 3-CH3).,
7Hz, 3H, -O-CHyCHz on unsaturated ester), and 6 1.23 (t, J =
7 Hz, 3H, -O-CHpCHz on saturated ester; uv (95% EtOH) 202
(12,260), 292 (2420), 356 (21,900); mass spectrum (70 ev)

m/e 293 (parent).
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Anal. Calc'd for CygHy3NO4: C, 65.58; H, 7.91.

Found : C, 65.41; H, 7.83.

Diethyl 3,4-dimethylpyrrole-2,5-dipropanocate (102)

One gram (3.51 mmole) of ethyl 3-(5-carbethoxyethyl-
3,4-dimethylpyrrol-2-yl)propenoate was dissolved in 200 ml
of 95% ethanol and 0.3 g Pd/C added. The mixture was
hydrogenated at 40-50 psi for 60 minutes at room temperature
on a Parr hydrogenator. After filtration of the catalyst
and removal of solvent on a rotary evaporator, a yellow
liquid remained. This was distilled at 144-145° (0.2 mm)
to yield almost a quantitative amount of the desired reduc-
tion product. The compound was slightly air sensitive,
turning an orange-yellow. Ir (CHClz) 3410 em™? (N-H), 3015
em™? (olefinic c-H), 2960, 2900, and 2840 cm—1 (c-g), 1720
and 1675 cm” " (c=0), 1600 and 1580 sh em™ (c=c), and 1240
and 1160 cm™* (c-0); nmr (cbcly) © 8.38 (s, 1H, N-H), ¢ 4.2
(¢, 3 = 7Hz, 4H, -O-CHyCHgz), O 2.67 (AyBp multiplet, 8H,
methylenes), ¢ 1.95 (s, 6H, 3,4-CHg's), and & 1.28 (it =
7Hz, 6H, -O-CH,CHg); mass spectrum (70 ev) m/e 295 (parent.

Anal. Ccalc'd for CygHpgNO4: C, 65.14; H, 8.54.

Found . ¢, 65.03; H, 8.51.

N,N‘N',N'.3,4—hexamethylpyrrole—2,5—dipropanamide (105)

A solution of 0.5 g (1.7 mmole) of diethyl 3,4-dimethyl-

pyrrole-2,5-dipropanoate, 10 ml ethanol, and 15 ml of 5%

aqueous KOH was refluxed for 5 hours. The ethanol was
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removed on a rotary evaporator and the aqueous solution
acidified to pH 5 with 2M HCl. The aqueous solution was
extracted with ether and dried over Na,SO4. Upon removal
of the ether, a green solid was obtained. An agqueous solu-
tion of this solid was acidic and the NMR of the solid
showed: ¢ 8.43 (s, 1H, N-H), ¢ 2.68 (AyBp multiplet, 8H,
methylene hydrogens), and & 1.9 (s, 6H, 3,4-CHs's), con-
sistent with 3,4-dimethylpyrrole-2,5-dipropanoic acid (lgg)
Approximately 0.5 g (2.09 mmole) of the above acid was
dissolved in 15 ml of chloroform and cooled to 0-10°. To
this stirred solution was added 0.4 g (3.9 mmole) of tri-
ethylamine followed by 0.5 g (4.6 mmole) of ethyl chloro-
formate and then stirred for 15-20 minutes at 0-10°. The
solution was saturated with excess dimethylamine at 0-10°
and then stirred at this temperature for 15 minutes followed
by 30 minutes at room temperature. The chloroform solution
was washed twice with 10% aqueous Na,COz solution and then
dried over Na,SO4. The chloroform was removed and the
brownish solid recrystallized from cyclohexane giving 0.5 g
(96%) of a tan-colored crystalline solid: mp 101-102°; nmr
(cpcly) & 2.97 (s, 12H, all N-CHg). ¢ 2.77 (BB, multiplet,
8H, methylene hydrogens), and 0 1.93 (s, 6H, 3,4-CH3's)-.

Attempted synthesis of 3,4,3',4'—tetramethyl—dipyrrzl—
2,2 )-hexacyclotrimethine bromide (108)

To a solution of 0.2 g (2.1 mmole) of 3,4-dimethyl-

pyrrole and 0.3 ml of 50% HBr in 4 ml ethanol heated at 50°

was added dropwise 0.1 g (1.05 mmole) of cyclohexenone. The




80

solution slowly turned blue. The heat was removed and the
mixture stirred for 6 hours. The solid which had formed

was filtered and washed with 1:1 ethanol-water. A deep
maroon, insoluble, rubbery solid remained. The blue fil-
trant was evaporated to give a red-violet solid as a film

on the flask. The solid was extracted with methylene chlor-
ide (Soxhlet) giving a red-violet solution. Removal of the
solvent gave a red-violet solid as a film on the flask. The
NMR indicated impure material. Purification of this solid
could not be accomplished.

3,4,3',4'-Tetramethyl-dipyrryl-(2,2')-hexacyclotrimethine
iodide (115)

A mixture of 0.25 g (2.63 mmole) of 3,4-dimethylpyrrole,
0.1467 g (1.31 mmole) of dihydroresorcinol, and 0.6 g (2.39
mmole) of 51% HI in 7 ml of ethanol was heated at 92° for
2 hours. The solution turned from a yellow to a red-violet
color. The solution was cooled in the freezer for 5 hours
and then filtered. The deep metallic green crystals were
washed repeatedly with ether to yield, upon drying in a
drying pistol over P,05, 162 mg (30%) of product recrystal-
lizable from methanol: mp 248-500; ir (CHClg) 3150 cm™*
(N-H), 2900 cm™* (C-H), 1600, 1555, and 1520 em™* (c=¢); nmr
(cpcly) 6 8.4 (s, 1H, vinyl hydrogen), 6 7.64 (d, J = 4Hz,
1H, q-pyrrolic hydrogen), ¢ 3.1 (t, 4§, allylic hydrogens ),
6 2.42 (s, 6H, 4,4'-methyls), and & 2.13 (s, 6H, 3,3'-
methyls): uv (CHCly) 282 sh (4140), 291 (8270), 368 (2960),
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538 sh (14,200), and 575 (88,600); mass spectrum (70 ev)
m/e 266 (parent - HI).
Anal. Calc'd for CygHy3NpI: C, 54.87; H, 5.88.

Found : C, 54.88; H, 5.82.

1,3-Bis(3,5-dimethyl-4-ethylpyrrol-2-yl)propane (118)

A solution of 0.363 g (1.0 mmole) of bis-2-(3,5-di-
methyl-4-ethylpyrrole)trimethine bromide (117) and 0.136 g
(1.0 mmole) of sodium acetate in 100 ml of 95% ethanol con-
taining 0.1 g Pd/c was hydrogenated at 40-50 psi for 3 hours
at room temperature on a Parr hydrogenator. The solution
was filtered through K,CO3 and the ethanol removed on a
rotary evaporator. The residue was dissolved in ether and
filtered to remove sodium acetate. Upon removal of the ether,
a greenish viscous oil remained. After further removal of
solvent at 0.2 mm Hg pressure, the viscous liquid gave an
NMR spectrum devoid of olefinic hydrogens and the appearance
of additional alkyl hydrogens. NMR (cDCly) & 7.1 (s, 2H,
N-H), ¢ 2.8 - 1.5 (complex multiplet), o 2.08 (s, 5-CH3),

4 1.95 (s, 3-CHy), and & 1.07 (t, J = 8Hz, 6H, ~CH,CHg ) -

peaks between & 2.8 - 1.5 correspond to 22H.

1,3-Bis 3,4-dimethylpyrrol-2-yl)cyclohexane (116)

A solution of 100 mg (0.5 mmole) of the corresponding

trimethine iodide and 150 mg (1.83 mmole) of sodium acetate

in 100 ml of ethanol containing 0.1 g Pd/C was hydrogenated

at 40-50 psi at room temperature for 2 hours in a Parr
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hydrogenator. After filtration of the catalyst over K,COg,
the solvent was removed on a rotary evaporator. The residue
was dissolved in a water-ether mixture and the ether separ-
ated and dried over KyCOz. Upon removal of the ether, a
yellowish-orange viscous liquid was obtained. Any residual
solvent was removed under 0.2 mm Hg pressure. The liquid
was very air sensitive, turning green in the air. It was
distilled at 185-190° (0.18 mm) to give a glassy syrup. The
NMR spectrum indicates that the liquid is the desired pro-
duct: nmr (cbcly) & 7.6 (s, 2H, N-H), & 6.43 (4, J = 2.5Hz,
2H, a-pyrrolic hydrogens ), & 3.47 - 1.2 (complex multiplet),
¢ 2.03 (s), 6 2.00 (s). Peaks between ) 3.47 - 1.2 cor-
respond to 22H.

Reaction of 1,3-bis(3,4—dimethylpyrrol—2—yl)cyclohexane (116)
—ith 3-butyn-2-one (B7), the attempted synthesis of 119

A solution of ~ 0.5 mmole of 1l§'and 103 mg (1.5 mmole)
of 3-butyn-2-one in 7 ml of methanol was refluxed for 4
hours. The solvent was then removed and the reddish-brown
viscous liquid was chromatographed on alumina with 10:2
benzene-methylene chloride. NoO identifiable product could
be isolated.

5,5'-Bis(carbethoxyeth l)—3,4,3',4'—tetrameth 1-dipyrryl-
(2,2' )-hexacyclotrimethine iodide 120

A mixture of 0.5 g (2.56 mmole) of ethyl 3-(3,4-di-

methylpyxrol—z—yl)propanoate, 0.1434 g (1.28 mmole) of di-

hydroresorcinol, and 0.6 g (~ 2.25 mmole) of 51% HI in 7 ml
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of ethanol was heated at 60-80° for 3 1/2 hours. The solu-
tion turned from a yellow to a deep blue color. The mixture
was cooled in the refrigerator and then filtered to give a
mat of green crystals. This solid was recrystallized from
cyclohexane-methanol to give green needles: mp 136-1389;

ir (CHCly) 3150 cm™* (N-H), 2925 cm™* (c-H), 1720 cm * (c=0),

> 1 1

1610, 1550, 1500 cm ' (c=c), and 1290 cm = (C-0); nmr (CDClg)
5 8.05 (s, 1H, vinyl hydrogen), ¢ 4.13 (q, 4H, -0-CH,CHg ),

i 3.4-2.83 (complex multiplet, 12H, methylenes in side chain,
and allylic hydrogens), & 2.31 (s, 6H, 3,3'-methyls), & 2.01
(s, 8H, methylene in six-member ring and 4,4'-nethyls ),

and ¢ 1.25 (t, 6H, -O-CHaCHg); uv maximum (cHCly) 597, 552 sh,

375, 297, and 282 sh.
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Figure 30.

NMR spectrum of 3,4,3',4'-tetramethyl-dipyrryl-
(2,2')-hexacyclotrimethine iodide, 115 (cbelg).
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Figure 31. NMR spectrum of 1,3-bis(3,4-dimethylpyrrol-2-yl)-
cyclohexane, 116 (cDClg).
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NMR spectrum of bis-2-(3,5-dimethyl-4-ethy lpyrrole)-
trimethine bromide, 117 (cpcly) -
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NMR spectrum of 1,3-bis(3,5-dimethyl-4-ethylpyrrol-
2-yl)propane, 118 (cDCly).
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Figure 34. NMR spectrum of 5,5'-bis(carbethoxyethyl)-3,4,3',4"'~

tetramethyl-dipyrryl-(2,2')-hexacyclotrimethine
jodide, 120 (cbcly).







107

Table III. Mass spectrum of ethyl 3,4-dimethyl-5-iodo-
pyrrole-2-carboxylate, 85.
afe T e B e
28 100.0 94 9.1
29 18.7 95 4.5
32 57.1 111 7.1
36 14.2 120 8.1
38 8.9 121 11.6
39 32.1 122 6.2
40 11.6 127 6.2
41 11.6 128 6.2
43 7.1 139 8.1
44 10.7 167 6.2
51 7.1 193 8.9
52 8.9 219 5.4
53 6.2 220 8.1
63 i 4ra v 221 10.7
64 8.9 232 7.1
65 36.6 246 18.7
66 28.6 247 78.6
67 11.6 248 26.8
90 6.2 264 12.5
91 12.5 265 8.9
92 53.6 293 92.9
93 17.8 294 10.7
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Table IV. Mass spectrum of ethyl 4,5-dimethyl-3-iodopyrrole-
2-carboxylate, 86.

sl R /e e
50 17.8 84 12.2
51 27.8 91 18.9
52 24.4 92 64 .4
53 16.7 93 36.7
54 10.0 94 26.7
55 17.8 95 11.1
56 22.2 98 15.6
57 11.1 119 8.9
63 13.3 120 20.0
64 13.3 121 27.8
65 42.2 122 33.3
66 34.4 123 8.9
67 35.6 138 8.9
68 7.8 149 8.9
69 16.7 167 18.9
71 8.9 220 10.0
76 10.0 221 14.4
a4 18.9 246 11.1
78 13.3 247 81.1
79 11.1 248 30.0
80 8.9 293 100.0

81 8.9 294 13.3
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Table V. Mass spectrum of 2,5-bis(3-oxobutenyl)-3,4-
dimethylpyrrole, 91.
Relative Relative

m/e Intensity m/e Intensity
28 100.0 130 5 |
29 7.9 131 4.8
31 7.9 143 5.6
32 80.1 144 21.4
39 11.9 145 13.5
40 9.5 146 13.5
41 10.3 158 4.8
42 4.8 159 6.3
44 3.9 160 10.3
45 6.3 170 9.5
51 6.3 172 9.5
52 4.8 173 6.3
53 6.3 174 73.0
54 3.9 175 10.3
56 5.6 186 6.3
58 3.2 188 32.5
63 5.6 216 38.1
65 111 217 6.3
77 10.3 230 6.3
91 11.9 231 71.4
115 6.3 232 119
117 5.6 233 3.2
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Table VI. Mass spectrum of 2,5—bis(3-oxobuty1)-3,4—dimethyl—
pyrrole, 95.
se. “RLUE " £
43 62.8 132 14.7
51 7.8 133 6.7
53 11.8 134 73.5
55 11.8 135 17.6
65 8.8 144 10.8
77 19.6 145 17.6
79 10.8 146 17.6
91 11.8 147 7.8
93 6.7 148 5.9
106 7.8 158 8.8
107 5.9 159 12.7
108 17.6 160 37.3
117 5.9 161 7.8
118 5.9 176 6.7
119 8.8 177 9.8
120 22.5 178 100.0
121 38.2 179 35.3
122 9.8 192 8.8
130 6.7 217 9.8 |
131 6.7 235 45.0
236 9.8
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Table VII. Mass spectrum of ethyl 3-(3,4-dimethylpyrrol-2-
yl)propenoate, 99.
we  elative /e e
32 100.0 78 7.1
38 3.9 79 7.1
39 23.0 80 4.8
40 7.9 91 19.9
41 14.3 92 6.3
42 7.9 93 10.3
43 4.8 94 5.6
44 3.9 105 T
45 4.8 117 7.9
50 4.8 118 51.5
51 9.5 119 34.9
52 8.9 120 46.0
53 8.9 121 38.1
54 4.8 132 7.1
63 059 146 21.4
64 3.9 147 45.2
65 17.5 148 29.3
66 6.3 164 11.1
67 5.6 165 3.9
77 16.6 193 54.8
194 7.9
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Table VIII. Mass spectrum of ethyl 3-(3,4-dimethylpyrrol-
2-yl)propanoate, 100.
sl L 7 -
27 18.2 80 6.1
28 47.9 91 7.0
29 14.6 92 5.1
31 5.6 93 18.2
32 9.6 94 13.6
39 19.7 95 9.6
41 20.7 97 7.1
42 19.7 106 19.9
51 6.1 107 24.7
52 6.1 108 100.0
53 11.6 109 30.8
54 5.6 120 30.8
55 6.1 121 23.7
65 10.1 122 25.3
66 6.1 148 17.2
67 7.6 149 12.1
77 14.6 195 68.7
79 Bl 19 196 9.0
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Table IX. Mass spectrum of ethyl 3-(5-carbethoxyethyl-3,4-
dimethylpyrrol-2-yl)propenoate, 101.
we o R we S
28 74 .5 161 7.0
29 17.5 172 5.3
31 9.6 173 27.2
32 100.0 174 14.0
40 21.9 178 =9
44 14.0 202 12.3
69 13.2 206 70.1
77 6.1 207 10.7
91 6.1 218 5.3
11T 5.3 219 7.0
130 6.1 220 5.3
131 7.0 221 4.4
132 13.2 247 6.1
134 5.3 248 7.0
144 6.1 264 19.3
146 10.7 293 51.8
160 44 .7 294 10.7







114

Table X. Mass spectrum of diethyl 3,4-dimethylpyrrole-2,5-
dipropanoate, 102.

we el e
41 5.5 135 4.8
43 4.2 148 3.9
55 4.5 152 3.2
57 3.2 160 3.9
67 2.3 162 44.8
69 2.6 163 Tl
7 4.2 176 3.9
79 3.2 194 3.2
91 4.8 204 3.5

108 3.2 208 100.0

119 2.9 209 14.8

120 4.2 222 3.2

121 2.6 250 4.2

132 4.5 295 25.8

134 25.1 296 5.2
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Table XI. Mass spectrum of 3,4,3',4'-tetramethyl-dipyrryl-
(2,2')-hexacyclotrimethine iodide, 115.
we | Ilaie o1
39 33.3 115 7.8
40 27.7 117 il
41 73.8 118 7.1
42 23.4 124 Tal
43 38.3 127 17.0
44 27.7 128 32.6
45 7.1 130 6.4
50 22.7 131 14.9
51 9.2 132 12.0
53 7.1 133 7.1
55 11.3 141 5.0
56 53.9 142 5.0
57 17.0 149 51.8
65 10.6 150 7.1
67 6.4 151 2.8
74 7.8 152 3.5
75 Tod 153 3.5
76 32.6 154 71
77 14.2 155 5.0
91 71 156 7.1
92 4.3 157 3.5
93 5.0 158 4.3
94 14.2 159 Pep
o 7.1 165 4.3
104 35.5 166 3.5
105 9.9 167 20
108 7.1 168 e

(continued)
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Table XI. Continued.
se: AU /e Sl
169 3.5 222 5.0
170 8.5 223 11.3
171 7.1 224 4.3
172 9.9 225 5.7
173 4.3 231 4.3
178 3.5 232 7.8
179 2.8 233 8.5
180 4.3 234 12.0
181 5.0 235 7.8
191 3.5 236 11.3
192 3.5 237 5.7
193 3.5 238 4.3
194 4.3 239 4.3
195 5.7 246 6.4
196 3.5 247 9.2
204 5.0 248 11.3
205 7.8 249 22.5
206 5.7 250 8.5
207 5.0 251 34.8
208 5.0 252 51
209 4.3 253 4.3
210 3.5 263 46.1
217 3.5 264 100.0
218 5.0 265 34.0
219 7.1 266 56.7
220 7.4 267 14.2
221 6.4 268 g
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