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The review presents methods known in the literature for the synthesis of the simplest synthetic [-octasubstituted
porphyrins by monopyrrole condensation. The synthesis of pyrroles from non-pyrrole precursors by the most common
Knorr and Barton-Zard methods and their further modification into derivatives capable of pyrrole condensation are
presented. The methods of synthesis of the progenitor of porphyrins — porphine and randomomeric etioporphyrins,
one of which (etiporphyrin IIl) has a structure close to natural porphyrins. The presented methods make it possible to
obtain ff-octasubstituted porphyrins with high yields in significant quantities for their use as model compounds of

biochemical reactions, catalysts of various processes and medicines.
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B 0630pe npusedenvl uzeecmmuvle 8 aumepamype Memoobl CUHME3d HPOCMEUUUX CUHMEeMU4eckux [-oxma-
3aMeWeHHbIX NOPOUPUHOE MOHORUPPOILHOU KoHOeHcayuell. [Ipedcmasienvl cunmesbl RUPPONIO8 U3 HeNUPPObHLIX
npeoutecmeeHHUKo8 Hauboree obuumu memodamu Knoppa u Bapmona-3apoa u ux danvheuuias moouguxayus 6
npou3600HbIE CNOCOOHBIE K NUPPONIbHOU KoHOeHcayuu. [Ipusedenst Memoobl cunmesa poOOHAYAIbHUKA NOPPUPUHOS
— nop@huHa u paHOOMepHBIX SMUONOPPUPUHOE, 00UH U3 Komopblx (amuonopgupun I11) umeem cmpykmypy 61u3Kyio K
npupoonvim nopupunam. Ilpeocmasnennvie memoovl NO360AIOM NOAYHAMb f-OKmaszameujenuvie nopoupunsl ¢
BBICOKUMU BbIXO0AMU 6 3HAYUMENbHBIX KOAUYECMBAx OJisl UCNONb308AHUS UX 8 KAYeCmee MOOENbHbIX COCOUHEHUl
OUOXUMUYECKUX PeaKYUll, KAMATUZAMOPO8 PA3IUYHBIX NPOYECCO8 U MEOUYUHCKUX NPENnapamos.

Kaiouessie cioBa: [Topdupussl, mophuH, CHHTE3, TUPPOIIBL, AUTHPPOTHIMETAHBI.

Introduction

Porphyrins and metalloporphyrins are widespread in
nature and have great biological significance. Their most
important representatives are chlorophylls, which as part of
the protein-lipid complex carry out the initial stage of
photosynthesis in green plants, and blood hematin, which in
combination with the protein globin reversibly binds and
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transports oxygen by blood to cells. Metalloporphyrins are
also included in the composition of many enzymes based on
chromoproteins — catalases, peroxidases and others.
Porphyrins in the form of vanadyl and nickel complexes are
found in oils. Along with the popular methods of obtaining
porphyrins from natural sources, there are many ways to
obtain synthetic porphyrins, some of which are
commercially available.
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The progenitor of porphyrins is porphine (1), which
has no substituents on the periphery of the tetrapyrrole
aromatic cycle. The simplest ones are completely sym-
metrical. Porphyrins are usually obtained by tetramerization
of monopyrroles. In these cases, the construction of a linear
polypyrrole chain, its closure and further oxidation to por-
phyrin occurs automatically during the reaction without the
release of intermediates. These methods make it possible to
obtain porphyrins 2-4 with high yields, the most famous are
meso-tetrasubstituted porphyrins (2, R'=Alk, Ar),"™* p-
octasubstituted porphyrins (3, R=Alk, Ar),">% as well as
hybrid meso,B-dodecasubstituted porphyrins (4, R=Alk, Ar,
R'=Ar)."

The synthesis of porphyrins 5 can be carried out by
two methods: condensation of a-unsubstituted pyrroles 6
with compounds containing active carbon group 7 (usually
aldehydes or their derivatives), which in the future will be
the basis of the meso-methylene bridge, or self-condensa-
tion of pyrroles having a ready-made methylene component
8 in the a position (Scheme 1). The methods are similar to
each other and are carried out under similar conditions,
since in both cases the reaction passes through the stage of
formation of a stabilized pyrrylmethylene cation.

But the situation is not as simple as it seems at first
sight. If the substituents at 3- and 4-positions of pyrrole are
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not identical, a mixture of randomized porphyrins (for
example, etioporphyrins 9-12) is usually obtained.

Self-condensation of pyrrole, for example, such as 13
passes through dipyrrolylmethane 14, tripyrran 15, bilan 16
into cyclic porphyrinogen 17 (Scheme 2). Under these con-
ditions, dimerization of dipyrrolylmethane 14 is also
possible.

Scheme 2.
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All of them, in acidic conditions, can regroup, giving
after oxidation a mixture of randomized porphyrins 9, 10,
11 and 12 in the form of a statistical mixture 1:2:4:1,
respectively. Scheme 3 shows the typical mechanism of
formation of etioporphyrinogen III 18 from -etiopor-
phyrinogen I 17.

1. Synthesis of porphine

The progenitor of porphyrins is porphine, first
synthesized in 1935, as it turned out is obtained in
cyclocondensation reactions with very low yields
(<1%),”'%) although the initial products for its synthesis
are commercially available and quite cheap.

H
: . .
H
ﬂ\ EtMgBr [o] He
N “CH,NMe, —> —_— —_—
H o-xylole
21 1

8 20
Scheme 4.
[\ Clc=s NaBH, NH  (cH,0), ﬂ
—_— —_— -
N° NEt NH BF;EtO N
22 24 22
DBU
CH,0 MgBr; POCI;
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AcOH/Py toluene DMF
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Scheme 5.

The low yield of porphine is due to the high
reactivity of the initial compounds in the condensation
reaction, and the high probability of the growth of the
polypyrrole chain, bypassing the stage of bilan, capable of
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cyclization, due to the absence of steric substituent factors
in the pyrrole ring.

The use of various changes during the condensation
reaction (high dilution,""* an increase in the duration of the
process,[”] conducting it in a micellar matrix,m in a two-
phase system,!'” efc.) can significantly increase the yield
of porphine. The methods used are shown in Table 1.

Table 1. Methods of porphine synthesis.

Yield

Pyrrole Conditions %) Ref.
HCO,H <0 M
Pyrrole22  CH,0, EtCOOH 0.9 (
CH,0, AcOH/Py 1.0 17
ZFormyl- -y 6 MeOH/PY <10 @
pyrrole
1. Isobutylmethylketone/H,O,
AcOH 153
2.DDQ
I. 05 M sodium lauryl
IO Gifate, HCI 20 0
yzgy“ 2. DDQ/THF
5.3 (3l
ACOH, Mg(OAC)z, KzSzOg 3.7 [18]
Ethylbenzene, 11.5 days, [14]
100 °C 18.02
2-Dimethyl- 1. 1,2-dichlorobenzene,
aminomethyl-  EtMgBr, reflux 3.9 13
pyrrole 19 2.DDQ

It should be noted that the use of pyrrole 19 in high-
boiling solvents in the presence of Grignard reagent forms
a mixture of magnesium complex porphine 21 and chlorin
20, which is easily oxidized to porphyrin 21 by
benzoquinone derivatives,'”! however, chlorin itself is a
difficult-to-obtain product (Scheme 4).

Based on all the above, porphine was synthesized
from polypyrrole precursors, which makes it possible to
significantly increase the yield of porphine, for example,
dipyrrolylmethane 24 and formalin (4%, versus 1% from
pyrrole)!'” and its 2-formyl derivative 25, by self-
condensation in the presence of magnesium bromide and
DBU in toluene at boiling in an inert atmosphere (40%),""!
the latter was obtained by Wilsmeier formylation 24
(Scheme 5). However, the synthesis of unsubstituted
dipyrrolylmethane 24 presents a certain problem. It is
obtained by two developed methods, either by reducing
dipyrrylthioketone 23 with sodium borohydride (87%),*"
obtained by condensation of pyrrole with thiophosgene in
the presence of triethylamine (61%),”'! or condensation of
excess pyrrole with paraform (40-60%).12>%!

The use of unsubstituted bilatriene 27 for the
synthesis of porphine also makes it possible to
significantly increase the yield (with 2-hydroxymethyl-
pyrrole 28 — 10%,%* with 2,5-bis(hydroxymethyl)pyrrole
26 — 31%*)) (Scheme 6). Bilatriene 27 is synthesized in
two stages from pyrrole by condensation in an aqueous
medium with formalin in the presence of potassium
carbonate to 26 (84-92%), followed by its cyclization in
water with an excess of pyrrole during acid catalysis
(61%).126]
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In addition, there is a synthesis method of 1 based on
the degradation of porphyrin precursors containing tert-
butyl or carboxyalkyl groups. So, in the interaction of
5,10,15,20-tetra(tert-butyl)porphine 29°°*"! with sulfuric
acid in the presence of n-butanol at 90 °C forms 1 with a
yield of 74%.*”" Similarly, but under more stringent
conditions, a mixture of randomomeric tetra(f-tert-butyl)
is converted into porphine 30°% (sulfuric acid,
190200 °C, 64%)** or 5,10,15,20-tetra(n-hexyloxy-
carbonyl)porphine 31%! (sulfuric acid, 180 °C, 77%)"*"
(Scheme 7). These methods are promising, but the yield of
the initial porphyrins 29-31 does not exceed 15%.

2. Synthesis of symmetric p-octasubstituted
porphyrins

As mentioned above, symmetrical B-octasubstituted
porphyrins are obtained by cyclocondensation of either
3,4-disubstituted pyrrole with formaldehyde, or similar
pyrrole with an a-methylene component (Scheme 1, Table
2). The main task of these syntheses is to obtain the initial
pyrroles. Of the variety of pyrrole syntheses for the
construction of porphyrins, two main methods are of the
greatest importance — the Knorr synthesis, known for more
than a century,” consisting in the reductive cycloconden-
sation of B-diketones 32 with nitrozoacetoacetic ether 33
or nitrosomalon ether 34, or a relatively recently
discovered the Barton-Zard method,*"! consisting in the
cyclo-condensation of nitroalkenes 36 obtained by
condensation of nitroalkanes with aldehydes with
isocyanacetic ether 37 in the presence of a strong non-
nucleophilic base (usually DBU) (Scheme 8). These two
methods complement each other and make it possible to
obtain all the variety of porphyrins currently known. Other
methods of pyrrole synthesis (for example, Paal-Knorr and
Ganch) are of secondary importance and are used only in
some cases.

Further transformations of primary pyrroles 35 and
38 make it possible to obtain pyrroles with free a-positions
or having an a-methylene component.”!

In some cases, a-diunsubstituted pyrroles 6 are used
as starting materials, which are currently available through
decarboxylation of pyrrole 39, obtained in the Barton-Zard
reaction, or by catalytic decarboxylation of a-dicarboxylic
acid 44 — products of the Knorr pyrrole transformation.
The Mannich reaction is used to synthesize a-dimethyl-
aminomethyl pyrroles 40,°° or the reduction of a-formyl
pyrrole 41, which is obtained in the Wilsmeyer reaction by
the interaction of o-substituted pyrrole with phosphorus
chloride and dimethylformamide. Sodium borohydride is
then used to reduce the a-formylpyrrole to a-methyl-
carbinol 42."%! Another method has been proposed for
producing o-methylcarbinol 42 directly from lithium-
aluminium hydride and o-carbethoxypyrrole 395°¢*7)
(Scheme 9, Table 2).

The second method is based on the use of 2-
carbethoxy-5-methylpyrroles 45, which are products of the
Knorr pyrrole condensation and similar reactions (Scheme
10, Table 2). In this case, the initial methylpyrrole 45 is
either brominated with bromine or chlorinated by the
action of sulfuryl chloride, followed by the nucleophilic
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replacement of the bromine atom in 46 with a
dimethylamino group. The carbethoxy group in 47 is then
hydrolyzed to produce pyrrole 48.* Alternatively, the
methylpyrrole 45 can be oxyacetylated with lead
tetraacetate in acetic acid, forming acetoxymethylpyrrole
49,1 which is then hydrolyzed into methanol to produce
2-carboxymethoxypyrrole 50. Acetoxyethylpyrrole can
also be produced by nucleophilic substitution of bromine
in bromomethylpyrrole 46 with sodium acetate in acetic
acid.*”! Both of these products, when subjected to the
porphyrin formation reaction, give stabilized pyrryl-
methylene carbocation 43 after decarboxylation.

In addition to the Barton-Zard syntheses (Scheme 8),
its varieties are used, for example, the interaction of vinyl
ketones 51 with isocyanoamethylene-p-toluylsulfonate 52
with further reduction of pyrrole 53 with lithium
alumohydride to 6 (Scheme 11, Table 2) or the
interaction of isocyanoacetate 37, instead of nitoalkene 36
with alkenesulfonates 56, which are obtained by the
interaction of alkenes with phenylchlorosulfinate to 54,
followed by oxidation to sulfonate 55 and dechlorination
to 56 and further to pyrrole 39,°°°% the method is usually
used for the synthesis of 3,4-cyclobutylene pyrroles from
cyclohexenes.”*")

The Piloty-Robinson method is also used for the
synthesis of 3,4-disubstituted pyrroles,**! consisting in the

R R R

preparation of dihydrazides 57 by the interaction of
aldehydes with hydrazine, their acylation into imidines 58
and conversion to pyrroles 59 under microwave irradiation
and further hydrolysis into pyrroles 6 (Scheme 12, Table
2)* and Paal-Knorr, in which esters enols 60 under
anodic oxidation give 1,4-diacetals 61 interacting with
benzyl ether of carbamine acid giving pyrroles 62 which
are hydrogenated on a palladium catalyst to pyrroles 63.1")

There are methods for the synthesis of individual
pyrroles, for example, the synthesis of 3,4-dimethylpyrrole
6 (R=Me) by Diels-Alder reaction of the 2,3-
dimethylbutadiene-1,3 64 with N-ethoxycarbonylsulfinyl-
imine 65 obtained by the interaction of urethane with
thionyl chloride in the presence of pyridine, followed by
conversion of the adduct 66 without isolation into the
required pyrrole (35-40%)°% (Scheme 13), or 3.4-
diarylpyrroles 70 by condensation of benzyls 67 with
dimethyl ether of acetyliminodiacetic acid 68 and
subsequent hydrolysis and decarboxylation of the resulting
pyrrole 69.1*%

The most well-known porphyrin of this group is
commercially available 2,3,7,8,12,13,17,18-octacthyl-
porphine, which is highly soluble in many nonpolar
organic solvents, unlike the practically insoluble
2,3,7,8,12,13,17,18-octamethylporphine. Some represent-
tatives of this series are shown in Table 2.

R R R R R
Et0OC—~\~~Me > Et0OC CHBr . EtooC N CH,NMe, > HOOC CH,NMe,
H

N
H H
45 46

\{i(OAc)A l NaOAc

R R
EtOOC CHZOAc
MeOH

N
H

N
H

47 48

/

R R
o F&
HOOC N CH,0OMe CH,
H

49 50 43
Scheme 10.
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H H R R
R pscl RSP R SOzPh sy SOPh  NCCH,COOEL
IR L T e,
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2H* MeOH AcOH = Pd/C =
R R R
60 62 63
Scheme 12.
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Table 2. Conditions of the synthesis and yield of symmetric beta-substituted porphyrins.

Porphyrin 3 Pyrrole Conditions Yield (%) Ref.
6. R - Mo AcOH-Py, CH,0, reflux, air 77.5 7
R = Me ’ CH,0, IN HCl, EtOH, 60 °C, air 47.0 149]
_ 1. NaBH4, MeOH [48]
41, R=Me 2. MeOH, 48% HBr, CA 78.0
1. LiAl,, THF 1361
2. AcOH, reflux, air 40.0
B 1. LiAl,, THF (37
39, R=Et 2. CH,Cl,, PTSA, CH,(OMe), cat; CA 330
1. LiAl,, THF 69.0 58]
2. CH,Cl,, PTSA, CH,(OMe), cat; CA '
40, R =Et AcOH, reflux, air 52.0 139]
63, R=FEt AcOH-Py, reflux, air 59.0 [40]
R=Et 1. KOH, H,0, MeOH, reflux
— . ) s ) [43]
47, R=Et 2. AcOH, air 520
_ 1. KOH, Hzo, MeOH, reflux [46]
49, R =Et 2. AcOH, Ks[Fe(CN)] 44.0
1. Br,, AcOH, NaOAc, rt
45, R=Et 2. KOH, H,0, MeOH, reflux 25 7]
3. AcOH, air
_ 1. KOH, Hzo, EtOH, reflux [44]
48, R =Et 2. Benzene, PTSA, CH,0, reflux, air >10
. . 1. LiAl,, THF [41]
R =iPr 39, R =iPr 2. AcOH, reflux, air 45.0
6,R=Pr EtOH, 48% HBr, CH,O0, reflux, air 32.0 (4]
R=Pr B 1. KOH, H,0, MeOH, reflux [45]
49, R =Pr 2. MeOH, 48% HBr, air 23.0
R nB 6. R —nB EtOH, 48% HBr, CH,O0, reflux air 33.0 (4]
=n- 5 =n- .
u u AcOH, reflux, air 35.0 [41]
R =n-CsH,, 6, R =n-CsH,, EtOH, 48% HBr, CH,0, reflux, air 40.0 1
R =n-C¢H5 6, R =n-C¢H,3 EtOH, 48% HBr, CH,0, reflux, air 11.0 1
R =n-C/Hs 6, R =n-C;H;; EtOH, 48% HBr, CH,0, reflux, air 11.0 ]
~ _ 1. LiAl,, THF [36]
R= I’l-CgH17 39, R I’l-CgH17 2. ACOH, reflux 25.0
2. AcOH-Py, reflux )
- ~ 1. LiAl,, THF 37)
RFR = (CHy)s 39, R R=(CHa)s 5 CH,Cl,, PTSA, CHy(OMe), cat; CA 330
1. LiAl,, THF 650 (38
2. CH,Cl,, PTSA, CH,(OMe), cat; CA '
6,R="Ph AcOH-Py, reflux 20.0 7
_ 1. LiAl,, THF 36]
R=Ph 39,R=Ph 2. AcOH, reflux 150
_ 1. Xylene; EtMgBr, reflux [42]
40, R =Ph 2 AcOH 48.0
1. Xylene; EtMgBr, reflux
R = n-MeOCH, 40,R=n-MeOCeH, AZOH & 87.7 2]
3. Synthesis of etioporphyrins
Me___CH, y-COOEt Me COOEt| on- R _-
+ — —_— NH . . .
MGICHZ S”“o Me:@o MoOH g~ B-Tetramethyltetracthylporphyrins (etloporphyrlps)
are the most well-known of the octaalkylporphins
64 6 & &R=Me  associated with natural porphyrins. As previously reported,
. o COOEt A there may be four isomeric etioporphyrins 9-12 differing in
rI . Ac-CHZCOOBL Erona AT\ 1o rji/\NH the position of B-substituting methyl and ethyl groups.
A Yo (I;Hzcoogt A S 2.A A Etioporphyrin III is closest to natural gemin 71, which, as
COOEt part of a protein complex, carries oxygen in the human
87 68 89 " body and higher animals and chlorophyll a 72, which
carries out photosynthesis by algae and plants.
Scheme 13.
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Me Me

HOOC COOH

m 72

As mentioned above, individual etioporphyrins cannot
be obtained by condensation of monopyrrole precursors,
therefore they have to be obtained by condensation of
dipyrrolylmethenes or biladienes that cannot undergo
isomerization under condensation reaction conditions.
However, the starting compounds for the synthesis of these
precursors are monopyrroles, obtained with sufficiently
high yields using the Knorr or Barton-Zard reaction™"
with further transformations of side substituents in the o-
positions of the pyrrole cycle.!!

The most used dipyrrole intermediates for synthesis of
porphyrins are dipyrrolylmethenes and dipyrrolylmethanes
([2+2] method). Since dipyrrolylmethanes are sensitive to
acidic reagents, most of the early methods developed by

Me Et Et Me
f\ Me— 7 Xy Et
N Me N\ _NH HN&
H Br Br Me
75 Br, 73
or —_—
AcOH +
Et Me
Et Me
7\
Me N COOtBu Me TN\ _-Et
H \ NH HNL
Br Br  CH,Br
76 74
Scheme 14.
Me

HCOOH
—_—

Fisher'®! used dipyrrolylmethenes, which are not capable of
rearrangement in an acidic environment, as standard
building blocks. The presence of only two different
substituents in the etioporphyrin cycle greatly simplifies the
methods of their synthesis along the [2+2] route. Typically,
dipyrrolylmethenes with bromine and methyl (bromo-
methyl) substituents in the 5,5’-positions of dipyrrolyl-
methenes are used for the synthesis of porphyrins.

Thus, etioporphyrin 1 9 is obtained by self-condensation
of a mixture of 5-bromo-5’-methyldipyrrolylmethene 73 and
(or)  5-bromo-5’-bromomethyldipyrrolylmethene 74 in
anhydrous formic acid at boiling or in a melt of maleic
anhydride,® a mixture of dipyrrolylmethenes 73, 74,6'-]
in turn it is synthesized by condensation of 2,4-di-methyl-3-
ethylpyrrole (cryptopyrrole) 751" or 2-fert-butyloxy-
carbonyl-3,5-dimethyl-4-ethylpyrrole ~ 76[°%63636661 * ith
bromine in acetic acid (Scheme 14). During the condensation
reaction of dipyrrolylmethenes in 90% formic acid, verdine
77 is formed in significant quantities.®’!

To obtain etioporphyrins II 10, III 11 and IV 12,
condensation of a pair of dipyrrolylmethenes is required,
which does not allow the formation of isomeric structures,
for example, pairs 5,5’-dimethylpyrrolylmethene 80 and
5.5’-dibromodipyrrolylmethene 82 (Scheme 15). To obtain
a single product, at least one of the dipyrrolylmethenes 80
or 82 must be symmetrical with respect to the meso-carbon
atom. Table 3 shows the yields of randomized -etio-
porphyrins.

Et Me

Me Et

Et Me

Me Et

Et

Et. Me Me  Et B
D O 5 GG o S
Me—~y~ ~CHO N~ Me  MeoH }NH HN Me Et
H H

Me Me Et Me
78 79 80 HCOOH
Br Br
NH HN
ve—< N Br, =NH HN Me Me
> x e e + \ M
I Y S VS Et Et
- Et AcOH
Et Et
81 82 11
Me Me
Et Me Me Me Br, Br Et Et
/Z_\S\ HBr O e T SNH HN— " HCOOH
Me—~\~~COOEt  _cooH \ NH HN= N N e
H Mé Me Et Et Me Me
Et Et
83 84 82 12
Scheme 15.
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Table 3. Conditions of synthesis and yield of randomer etioporphyrins 9-12.

T. V. Lyubimova ef al.

. Initial . Yield
Porphyrin Scheme compounds Conditions (%) Ref.
14 75 — 73 +74 HCOOH, reflux 21 et}
14 74 HCOOH, reflux 16 63]
14 74 HCOOH, reflux 15 169]
14 73 HCOOH, reflux 52 163]
Etioporphyrin I 9 14 73 HCOOH, reflux 52 169
14 73 + 74 Maleic anhydride, 190 °C 44 1641
14 76 — 73 +74 HCOOH, reflux 21-30 163]
14 76 — 73 + 74 HCOOH, reflux 21 166}
15 86 HI, AcOH, air 44 0]
16 85+ 87 CHCl,;, HC(OE),, TFA, reflux 19 fe1]
16 81+87 CHCl;, HC(OE);, TFA, reflux 66 [67.68]
Etioporphyrin 11 10 16 85+ 87 CH,Cl,, p-TSA 29 (72]
17 91 1. CuCl,, DMF 60 73]
17 91 1. CuCl,, DMF; 2. H,SO,, TFA 31 166]
15 80 + 82 HCOOH, reflux 36 61]
16 87 + 88 CH,Cl,, p-TSA 42 172]
Etioporphyrin IIT 11 18 95 CHCls, HC(OEt);, TFA, reflux 53 166]
20 101 DMSO, pyridine 83 1
21 102 TBD, 200 °C 62 7]
. . 15 82 + 84 HCOOH, reflux 39 61]
Et hyrin [V 12 g
foporpiyrin 19  87+88 CHCL,, HC(OE),, TFA, reflux 32 L66]
Et Et Et Me HI
me—( AN Mo _HCOOH _ o ) me—( ZN\__gt AcOH
NH HN o1 NH HN [o1
HOOC COOH COOH
85 86
Et Et Et Me
Me N = Me Me = aé Et
\ NH HN / \ NH HN /
HOOC COOH HOOC COOH
85 p-TSA 88 p-TSA
+ B 10 + _ 11
OHC CHO DCM OHC CHO DCM
NH HN NH HN
MeM\Me Me 4 \\ Me
Et Et Et Et

87
Scheme 16.

Dipyrrolylmethene 84 can be easily obtained by
boiling 2-carbethoxy-3,5-dimethyl-4-ethylpyrrole 83 in
formic acid in the presence of hydrobromic acid*! or by
formylation of 2,4-dimethyl-3-ethylpyrrole 64 with
phosphorus chloroxide and DMF according to Wilsmeier'*’!
and its subsequent condensation with pyrrole 75 in the
presence of hydrobromic acid.!'!) Dipyrrolylmethenes 80 or
84 were obtained by a similar method to the latter, of
which, by condensation with dipyrrolylmethene 82
(obtained by bromination and oxidation of dipyrrolyl-
methane 80), etioporphyrins 11 and 12 were synthesized.°"

Many successful syntheses of porphyrins by Fischer
using dipyrrolylmethenes'® have slowed down the devel-
opment of porphyrin syntheses with the use of dipyrrolyl-
methanes as intermediates. Some justification for this is that
dipyrrolylmethanes are too unstable to acidic reagents (at
least those used by Fischer) to be used in the synthesis of
porphyrins. It has been shown that upon condensation of
dipyrromethane-5,5’-dicarboxylic acids, type 85, in boiling
formic acid forms a mixture of randomized porphyrins,'*”
and not pure etioporphyrins IT 10 (Scheme 16).

Maxpoecemepoyuxnvt / Macroheterocycles 2024 17(3) 180-189

Methods for the synthesis of porphyrins from
dipyrrolylmethanes are undoubtedly represented by
McDonald's  discovery,”" that 5,5’-diformyldipyrrolyl-
methanes, for example 86, can condense with 5,5°-
disubstituted dipyrrolylmethane 80 or its 5,5’-dicarboxylic
acid 84, in the presence of an acid catalyst (hydrochloric
acid in McDonald's initial publications), giving pure
porphyrin with yields often exceeding 60%. p-Toluene
sulfonic acid (p-TSA) or trifluoroacetic acid (TFA), as
shown in [75’76], are more convenient alternatives to
hydrochloric acid as a catalyst.

Self-condensation of S5-formyldipyrrolimethane 85
leads to etioporphyrin I 9 in acetic acid in the presence of
hydrogen iodide during oxidation with air oxygen with a
yield of 44%.I7" Upon condensation of dipyrrolylmethane
84 with orthomuric ether in chloroform in the presence of
TFA and subsequent oxidation with chloranyl, etio-
porphyrin IT 10 is formed with an yield of 56%.!” The
use of dicarboxylic acid of dipyrrolylmethane 85 reduces
the yield of 10 to 19%."°"! Thus, the formyldipyrrolyl-
methanes used in the syntheses make it possible to obtain
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porphyrins according to the same rules as for dipyrrolyl-
methenes, however, under much milder conditions,
allowing the use of dipyrrolylmethanes with labile
substituents in syntheses.

An important method for the synthesis of
etioporphyrins is the biladiene methods, which, after
detailed development of the closure of the porphyrin cycle

Scheme 18.

Me Et

+
Z_g\cc»oa (CHzO)n

N
H

96

Scheme 19.

Et
Mo /Sy CHaBr

\ N

\ - + 11

r\qH

G

Me

74 100 10
Scheme 20.
7 Me Et Me
" (\N/j
e Me Et
N N/)\H
— M
200 °C
Me Me Me Me
Et Et
HooC COOH
102 11

Scheme 21.
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using 1,19-dimethyl- and 1-bromo-19-methylbiladiene
derivatives,'®*’" make it possible to obtain randomized
etioporphyrins with high yields (Schemes 17-21, Table 3).
And finally, a rather original method for the synthesis
of etioporphyrin III 11 with a high yield consists in the
degradation of natural protoporphyrin IX 102 under the
action of 1,5,7-triazobicyclo[4.4.0]dec-5-ena (TBD).["”!

1. CuCl, DMF
—» 10

2. H,S0, TFA

1. CuCly, DMF
O ———— T

2.H,80, TFA

95

1. CuCl, DMF
e 12

2.H,S0, TFA

Conclusion

Methods known in the literature for the synthesis of -
octasubstituted porphyrins through the condensation of
monopyrroles are presented. The syntheses of pyrroles from
non-pyrrole precursors via the Knorr and Barton-Zard
routes, as well as their subsequent modification into
derivatives that can undergo condensation with pyrroles to
form porphyrin rings, are described.

Acknowledgements. The work was supported by the
Ministry of Education and Science of the Russian
Federation within the framework of the state task (subject
no. FZZW-2023-0009).

References

1. Kim J.B., Adler A.D., Longo F.R. In: The Porphyrins, Vol. 1
(Dolphin D., Ed.), 1978. p. 85-100.

2. Koifman O.., Semeikin A.S., Berezin B.D. In: Porphyrins.
Structure, Properties, Synthesis. 1985, p. 205-238 [Koiipman
O.U., Cemeiikun A.C., Bepesun B.JI. B xu.: Iloppupuns..
Cmpyxmypa, ceoticmsa, cunmes. 1985, c. 205-238].

3. Lindsey J.S. In: The Porphyrin Handbook, Vol. 1, 2000,
45-118.

Maxpoeemepoyurnvt / Macroheterocycles 2024 17(3) 180-189



10.
11.

12.

13.
14.

15.
16.
17.
18.
19.
20.
21.
22.

23.
24.

25.

26.

27.
28.

29.
30.
31.
32.
33.
34.
35.
36.
37.

38.
39.

40.
41.

42.
43.

Semeykin A.S., Syrbu S.A., Koifman O.I. In: Chemical
Processes with Participation of Biological and Related
Compounds (Lomova T., Zaikov G., Eds.), London, CPR Press,
2008, Ch.2, p. 45-93.

Paine III J.B. In: The Porphyrins, Vol. 1 (Dolphin D., Ed.),
1978. p. 100-234.

Smith K.M. In: The Porphyrin Handbook, Vol. 1,2000, 2—44.
Semeikin A.S., Shatunov P.A. In: Advances in Porphyrin
Chemistry, Vol. 3, 2001, p. 47-86 [Cemeiikun A.C., lllaryHoB
IT.A. B xu: Venexu xumuu nopgupunos, T. 3, 2001, c. 47-86].
Rothemund P. J. Am. Chem. Soc. 1935, 57,2010-2011.
Rothemund P. J. Am. Chem. Soc. 1936, 58, 625-627.

Fischer H., Gleim T. Liebigs Ann. 1936, 521, 157-160.

Neya S., Yodo H., Funasaki N.J. Heterocycl. Chem. 1993, 30,
549-550.

Ellis P.E. Jr., Langdale W.A. J. Porphyrins Phtahalocyanines
1997, 1, 305-307.

Krol S. J. Org. Chem. 1959, 24, 2065-2067.

Longo F.R., Thome E.J., Adler A.D., Dym S. J. Hetercycl.
Chem. 1975, 12, 1305-1309.

Eisner U., Linstead R.P. J. Chem. Soc. 1955, 3742-3749.
Bonar-Law R.P. J. Org. Chem. 1996, 61, 3623-3634.

Treibs A., Haberle N. Liebigs Ann. Chem. 1968, 718, 183-207.
Samuels E., Shuttleworth R., Stevens T.S. J. Chem. Soc. 1968,
145-147.

Dogutan D.K., Ptaszek M., Lindsey J.S. J. Org. Chem. 2007, 72,
5008-5011.

Bruckner C., Posakony J.J., Johnson C.K., Boyle R.W., James
B.R., Dolphin D. J. Porphyrins Phtahalocyanines 1998, 2,
455-465.

Clezy P.S., Smythe G.A. Aust. J. Chem. 1969, 22(1), 239-249.
Wu S., Li Z.,, Ren L., Chen B., Liang F., Zhou X., Jia T., Cao X.
Bioorg. Med. Chem. 2006, 14, 2956-2965.

Wang Q.M., Bruce D.W. Synlett. 1995, 1267-1268.

Saltsman 1., Goldberg 1., Balasz Y., Gross Z. Tetrahedron Lett.
2007, 48, 239-244.

Taniguchi S., Hasegawa H., Nichimura M., Takahashi M.
Synlett. 1999, 73-74.

Taniguchi S., Hasegawa H., Yanagiya S., Tabeta Y., Nakano Y.,
Takahashi M. Tetrahedron 2001, 57,2103-2108.

Neya S., Funasaki N. Tetrahedron Lett. 2002, 43, 1057-1058.
Neya S., Quan J., Hoshino T., Hata M., Funasaki N.
Tetrahedron Lett. 2004, 45, 8629-8630.

Neya S., Quan J., Hata M., Hoshino T., Funasaki N.
Tetrahedron Lett. 2006, 47, 8731-8732.

Ema T., Senge M. O., Nelson N.Y., Ogoshi H., Smith K.M.
Angew. Chem. Int. Ed. Engl. 1994, 33, 1879-1881.

Senge M.O., Bischoff I, Nelson N.Y., Smith KM. J
Porphyrins Phthalocyanines. 1999, 3, 99-116.

Whitlock B.J., Whitlock HW., Alles H. J. Am. Chem. Soc.
1974, 96, 3959-3965.

Trova M.P., Gauuan P.J.F., Pechulis A.D., Bubb S.M.,
Bocckino S.B., Crapoc J.D., Day B. J. Bioorg. Med. Chem.
2003, /1,2695-2707.

Ono N. Heterocycles 2008, 75, 243-284.

May D.A. Jr., Lash T.D. J. Org. Chem. 1992, 57, 4820-4828.
Ono N., Maruyama K. Chem. Lett. 1988, 1511-1514.

Ono N., Kawamura H., Bougauchi M., Maruyama K.
Tetrahedron. 1990, 46, 7483-7496.

Tang J., Verkade J.G. J. Org. Chem. 1994, 59, 7793-7802.
Whitlock H.W., Hanauer R. J. Org. Chem. 1968, 33,
2169-2171.

Callot H.J., Louati A., Gross M. Bull. Soc. Chim. Fr. 1983,
11-12,317-320.

Chamberlin K.S., LeGoff E. Heterocycles 1979, 12, 1567-1570.
Friedman M. J. Org. Chem. 1965, 30, 859—863.

Paine J.B., Kirshner W.B., Moskowitz D.W., Dolphin D. J. Org.
Chem. 1976, 41, 3857-3860.

Maxpoeemepoyuxnvt / Macroheterocycles 2024 17(3) 180-189

44,

45.

46.

47.

48.

49.

50.

51,

52.

53.

54.

55.

56.

57.

58.
59.
60.
61.
62.
63.
64.
65.
66.
67.

68.

69.
70.

71.

72.
73.

74.

75.

76.

77.

T. V. Lyubimova ef al.

Milgram B.C., Eskildsen K., Richter S.M., Scheidt W.R.,
Scheidt K.A. J. Org. Chem. 2007, 72, 3941-3944,

Siedel W., Winkler F.J. Liebigs Ann. Chem. 1943, 554,
162-201.

Inhoffen H.H., Fuhrhop J.-H., Voigt H., Brockmann H. Liebigs
Ann. Chem. 1966, 695, 133—143.

Dudkina N.S., Kuvshinova E.M., Shatunov P.A., Semeikin
A.S., Pukhovskaya S.G., Golubchikov O.A. J. General
Chemistry 7K. Obwy. Xumuu] 1998, 68, 2042-2047.

Girichev G.V., Giricheva N.I., Golubchikov O.A., Minenkov
Y.V., Semeikin A.S., Shlykov S.A. J. Mol. Struct. 2010, 978,
163-169.

Boger D.L., Coleman R.S., Panek J.S., Yohannes D. J. Org.
Chem. 1984, 49, 4405-4409.

Haake G., Struve D., Montforts F.-P. Tetrahedron Lett. 1994,
35,9703-9704.

Abel Y., Montforts F.-P. Tetrahedron Lett.
1745-1748.

Ito S., Ochi N., Uno H., Murashima T., Ono N. Chem. Commun.
2000, 893-894.

Ito S., Uno H., Murashima T., Ono N. Tetrahedron Lett. 2001,
42,45-47.

Finikova O.S., Cheprakov A.V., Carroll P.J., Vinogradov S.A.
J. Org. Chem. 2003, 68, 7517-7520.

Finikova O.S., Cheprakov A.V., Beletskaya I.P., Carroll P.J.,
Vinogradov S.A. J. Org. Chem. 2004, 69, 522-535.

Finikova O.S., Cheprakov A.V., Vinogradov S.A. J. Org. Chem.
2005, 70, 9562-9572.

Finikova O.S., Aleshchenkov S.E., Brinas R.P., Cheprakov
A.V., Carroll P.J., Vinogradov S.A. J. Org. Chem. 2005, 70,
4617-4628.

Ichimura K., Ichikava S., Imamura K. Bull. Chem. Soc. Jpn.
1976, 49, 1157-1158.

Mikhalitsyna E.A., Tyurin V.S., Nefedov S.E., Syrbu S.A.,
Semeikin A.S., Koifman O.I., Beletskaya 1.P. Eur. J. Inorg.
Chem. 2012, 36, 5979-5990.

Fischer H., Orth H. Akademische Verlagsgesell-Shaft. 1937, I1.
Trofimenko G.M., Semeikin A.S., Berezin M.B., Berezin B.D.
Coordination Chemistry [Koopo. xumus] 1996, 22, 505-509.
Smith K.M. Tetrahedron Lett. 1971, 25, 2325-2328.

Smith K.M. J. Chem. Soc. 1972, 12, 1471-1475.

Risolve D.J.,, O’Brien A.T., Sugihara J.M. J. Chem. Engin.
1968, 73, 588-590.

Evans B., Smith K.M. Tetrahedron 1977, 33, 629—-633.

Lash T.D., Chen S. Tetrahedron 2005, 61, 11577-11600.
Lyubimova T.V., Syrbu S.A., Semeikin A.S. Macroheterocycles
2016, 9, 59-64.

Kuvshinova E.M., Gornukhina O.V., Semeikin A.S., Vershinina
LLA., Syrbu S.A. ChemChemTech [Izv. Vyssh. Uchebn. Zaved.
Khim. Khim. Tekhnol] 2020, 63(9), 49-55. DOI: 10.6060/ivkkt.
20206309.6218.

Smith K.M., Robinson R. J. Chem. Soc. 1972, 1471-1475.
Markovac A., MacDonald S.F. Can. J. Chem. 1965, 43,
3364-3371.

Paine III J.B., Hiom J., Dolphin D. J. Org. Chem. 1988, 53,
2796-2802.

Hudson M.F., Smith K.M. Tetrahedron 1975, 31, 3077-3083.
Grigg R., Johnson A.W., Kenyon R., Math V.B., Richardson K.
J. Chem. Soc. C 1969, 176-182.

Arsenault G.P., Bullock E., MacDonald S.F. J. Am. Chem. Soc.
1960, 82, 4384-4389.

Cavaleiro J.A.S., d'A. Rocha Gonsalves A.M., Kenner G.W.,
Smith K.M. J. Chem. Soc. 1974, 1771-1781.

Cavaleiro J.A.S., Kenner G.W., Smith K.M. J. Chem. Soc.
1974, 1188-1194.

1997, 38,

Kampfen U., Eschenmoser A. Helv. Chim. Acta. 1989, 72,
185-195.
Received 16.04.2024
Accepted 20.05.2024
189



