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First Synthesis of a Conformationally Restricted 2,2'-Bipyrrole
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Abstract: A seven-step procedure was developed for the prepara-
tion of the cyclooctadiene-annulated 2,2’ -bipyrrole 14, starting
from commercially available benzyl bromoacetate 6 and adiponi-
trile 7. Although all transformations carried out had to be sufficient-
ly selectiveto produce the desired functionalities on both sites of the
respective dipyrroles, acceptable to good yields were observed
throughout the synthesis. The paper reports synthetic and spectro-
scopic details of the new compounds.

Key words: 2,2'-bipyrroles, pyrroles, conformation, heterocycles,
ring closure

2,2’ -Bipyrroles are long-known compounds found in na-
ture as structural subunits of the antibiotical, antimalarial,
cytotoxic, and immunosuppressive active prodigiosins.
Although not suited for the synthesis of porphyrins dueto
the direct pyrrole—pyrrole linkage, quite a number of por-
phyrinoid macrocycles’ and open-chain oligopyrroles®
were prepared in the past from these simple building
blocks. The accessibility of B-alkyl substituted 2,2’ -bipyr-
roles, for a long time the major limiting factor in their
chemistry, wasgreatly improvedin 1994 by Sessler et dl.,*
and ever since the number of reports dealing with the use
of 2,2 -bipyrroles as precursors — mainly for macrocyclic
oligopyrroles — has constantly increased. In the light of
conducting polymers, 2,2'-bipyrroles can be regarded as
the smallest oligomeric fragment of polypyrrole. Severa
applications based on the advantageous material proper-
ties of oligo- and polypyrroles including supercapacitors,
electrochemical sensors, anti-static coating and drug de-
livery systems have been described,® and arecent publica-
tion discusses the luminescence properties of 2,2'-
bipyrroles in the solid state, based on the molecular con-
formation.®

In the course of studies towards the coordination chemis-
try of the open-chain tetrapyrrolic ligand 2,2’ -bidipyrrin’
it was recently found, that due to the free rotation around
the central bipyrrolic bond mainly two different complex
geometries are observed. Besides the porphyrin analogous
ML (metal-igand) complexesof, e.g. Ni(Il) and othersas
depicted in 1,2 the binding of two metal centerslike Zn(l1)
through the cooperative action of two ligandsyields ML ,
compounds of structure 2,° depending on the metal ion in-
volved (Figure). It appears likely, that the latter coordina-
tion type is observed in those cases, where the metal—
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ligand binding strength is too low to balance the tension
induced by the helical twist of complexes 1, with the con-
sequence, that only alimited set of porphyrin-like metal-
l0-2,2 -bidipyrrins is available. To overcome these
limitations we sought to prepare a conformationally re-
stricted 2,2’ -bidipyrrin, in which the ligand framework
ensures a complex geometry of the ML type.

Figure Chemical structures of ML complex 1 and M,L, complex 2

A literature survey on the conformationally restricted bi-
pyrroles revealed only derivatives of benzo[2,1-b:3,4-
b']bipyrrole,® from which 3 was chosen for a test reac-
tion. Indeed, the HBr induced double condensation of 3
with two equivaents of 3,4-diethyl-2-methylpyrrole (5)
gave a dark-green powder (Scheme 1). This compound,
however, was found to be a tripyrrolic prodigiosin deriv-
ative rather than the anticipated 2,2 -bidipyrrin 4. Most
probably, the annulated benzene ring induces a pro-
nounced indole-like character in 3, which inhibits the dou-
ble condensation with pyrrole 5. To enable sufficient
reactivity, a (CH,),-bridged 2,2’ -bipyrrole with n=3-5
should be more suitable. Here we report on our recent suc-
cess in synthesizing the required 2,2'-bipyrrol 14 with
n=4
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Scheme 1
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The synthesis of 14, starting from commercially available
benzyl bromoacetate 6 and adiponitrile (7), makes use of
well-known transformations in pyrrole chemistry, which
were optimized mainly due to the poor solubility of the
new intermediates 8-12 (Scheme 2). A double Blaise re-
action of 6 and 7 using Zinc/Copper couple in boiling
THF results in the di-B-keto ester 8 asa colorless solid in
37% yield. Compound 8 and acetylacetone were then used
in a Knorr synthesis to produce the dipyrrolic 1,4-di(4-
acetyl-2-benzyloxycarbonyl-5-methyl-3-pyrrolyl)butane

(9) (29% yield), which was reduced to the diethyl deriva-
tive 10 with diborane, produced in situ from boron triflu-
oride diethyl etherate and sodium borohydride, in 92%
yield.

NC
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Scheme 2

To set up thisdipyrrolefor the Ullmann coupling reaction,
aproper regiochemical arrangement of the pyrrolic 2- and
5-positions was achieved by selectively oxidizing the 5-
situated methyl groups with sulfuryl chloride in dichlo-
romethane and by concomitant hydrolysis/alcoholysis to
the tetraester 11 in 74% yield. If standard solvents were

employed in this reaction (acetic acid or diethyl ether),
only low yields were observed due to a surprisingly non-
selective chlorination of a- and B-situated alkyl groups.
Hydrogenolytic debenzylation to 12 (92% yield) and de-
carboxylative iodination using iodine monochloride in
THF gavethediiodide 13 in 65% yield, which wasfinally
coupled intramolecularly to the desired 2,2’ -bipyrrole 14
by copper powder in 87% yield, using a protocol recently
developed for this purpose.* No intermolecular Ullmann
coupling leading to oligomeric or macrocyclic material
was observed.

With respect to a different strategy known for the synthe-
sisof dipyrroleswith g-(CH,), jointslike 9-13, i.e. adou-
ble acylation sequence starting from B-free pyrroles and
the respective alkane o,o-diacid dichlorides,'* the novel
route described here circumvents the problems arising
from intramol ecular ring closure reactions during the acy-
lation processes, and therefore requires less steps.

NMR spectrawere obtained with a Bruker AMX 400 spectrometer.
Chemical shifts (3) are given in ppm relativeto TMS. Mass spectra
were recorded on a Finnigan 90 MAT instrument. my/z values are
given for the most abundant isotopes only. Melting points were
measured by DSC on a Thermoanayzer DuPont 9000. Elemental
analyses (C,H,N) were performed at the microanalytical |aboratory
of the Ingtitut fir Anorganische Chemie, Universitét Wirzburg.
4,4 -Di-tert-butyl-5,5' -diformylbenzo[2,1-b:3,4-b’ |bipyrrole (3)°
and 3,4-diethyl-2-methylpyrrole (5)* were prepared as previously
described.

Dibenzyl 3,8-Dioxodecandioate (8)

Cu(OAC),H,0 (6.4 g, 3.17 mmol) was suspended in glacial AcOH
(180 mL) and stirred for 5 min. Zinc powder (60y; 58.8 g, 1.11 mol)
was added with vigorous stirring, and the suspension was stirred un-
til decolorization (about 1 min). The mixture was quickly filtered by
suction, the solids were washed successively with MeOH and Et,0,
then transferred into an argon-filled 1 L 3-neck round bottom flask,
equipped with a mechanical stirrer, reflux condenser, and dropping
funnel. The zinc/copper couple was suspended in anhyd THF (180
mL) and adiponitrile (7; 37.8 mL, 332 mmol) and refluxed under
N,. Heating was discontinued, and benzyl bromoacetate 6 (105.6
mL, 664 mmol) was added dropwise in a manner such that constant
boiling was maintained (about 30 min). After the addition, the re-
sulting slurry wasrefluxed for another 2 h, then cooled in anicebath
and poured onto amixture of crushed ice (90 g) and concd HCI (90
mL). After addition of further ice (90 g), the solids werefiltered off,
the phases of the filtrate were separated and the aqueous layer was
washed with EtOAc (3 x 100 mL). All organic layers were com-
bined and evaporated at reduced pressure to leave a yellowish ail,
which crystallized upon addition of MeOH (100 mL). After filtra-
tion and excessive washing with MeOH, thetitle compound was ob-
tained as a colorless powder (50.4 g, 37%); mp 70 °C.

H NMR (400 MHz, CDCly): § = 1.53 (m, 4 H, H-5,6), 2.47 (m, 4
H, H-4,7), 3.45 (s, 4H, H-2,9), 5.16 (s, 4 H, CH,Ph), 7.35 (m, 10 H,
CeHs).

13C NMR (100.6 MHz, CDCl,): 8 = 22,5 (C-5,6), 42.6 (C-4,7), 49.2
(C-2,9), 67.1 (CH,Ph), 128.4, 1285, 128.6 (CHgy), 135.2 (C\y),
167.0 (C-1,10), 202.1 (C-3,8).

MS (DCI, i-butane): mz= 411 ([M + 1]*).

Anal. Calcd for C,,H,.0g: C, 70.23; H, 6.38. Found: C, 69.85; H,
6.11.
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1,4-Bis(4-acetyl-2-benzyloxycar bonyl-5-methyl-3-pyrr olyl)bu-
tane (9)

To asolution of 8 (100 g, 244 mmol) in THF (450 mL) was added
AcOH (500 mL). The solution was stirred and kept at r.t. by the aid
of awater bath, while a solution of NaNO, (33.6 g, 487 mmol) in
H,0 (100 mL) was added dropwise over aperiod of 2 h. Theresult-
ing mixture was stirred at r.t. for another hour before acetylacetone
(57.6 mL, 560 mmol) and AcOH (500 mL) were added. This solu-
tion was then heated to 80 °C and treated with a mixture of zinc
powder (65.4 g, 1 mol) and NaOAc (99.9 g, 1.22 mal) in small por-
tions to avoid a too vigorous reaction. After the addition was com-
plete, the slurry was heated to 100-110 °C for 2 h, stirred at r.t. for
another 12 h, filtered, and the cake washed carefully with MeOH.
The precipitate was again suspended in MeOH (500 mL), H,O (500
mL) was added to this suspension, and the product was again fil-
tered and washed with MeOH. Drying at 60 °C yielded pure product
as a colorless powder (40.2 g, 29%); mp 230 °C.

IH NMR (400 MHz, DMSO-d,): & = 1.40 (br s, 4 H, CH,CH,pyr),
2.31 (s, 6 H, CH,CO), 2.45 (s, 6 H, CHgpyr), 2.93 (br s, 4 H,
CH,CH,pyr), 5.24 (s, 4 H, CH,Ph), 7.25-7.40 (m, 10 H, CgHs),
11.86 (br s, 2 H, NH).

3C NMR (100.6 MHz, DMSO-dy): §=14.7 (CHapyr), 25.2
(CH,CH,pyr), 31.2 (CH4CO), 31.4 (CH,CH,pyr), 65.2 (CH,Ph),
117.0 (C-2), 122.1 (C-4), 128.0, 128.1, 128.6 (CHpy), 135.1 (C-3),
136.6 (C-Ph,,,,), 139.3 (C-5), 160.7 (CO,Bn), 194.3 (COCH,).

MS (El, 70 eV): m/z =568 (M").

Andl. Calcd for CyyHaN,Op: C, 71.81; H, 6.38; N, 4.93. Found: C,
71.54; H, 6.29; N, 4.80.

1,4-Bis(2-benzyloxycar bonyl-4-ethyl-5-methyl-3-pyrrolyl)bu-
tane (10)

Ina2 L 3-neck round bottom flask, equipped with an efficient me-
chanical dtirrer, thermometer, and dropping funnel, 1,4-di(4-acetyl-
2-benzyloxycarbonyl-5-methyl-3-pyrrolyl)butane (9; 93.2 g, 164
mmol) and NaBH, (22.7 g, 601 mmol) were suspended in anhyd
THF (500 mL) under a blanket of argon, and cooled in an ice bath.
BF;-OEt, (103 mL, 820 mmol) was added dropwise at such arate as
to maintain the temperature at or below 5 °C (about 1 h). After the
addition, the mixture waswarmed to r.t. and stirred for an additional
hour. The mixture was cooled to 10 °C and hydrolized carefully
with AcOH (110 mL), and then with H,O (620 mL) maintaining the
temperature below 15 °C. The resulting slurry was stirred at r.t.
overnight, then filtered by suction and the preci pitated product care-
fully washed with H,O. Drying at 60 °C yielded the title compound
as a colorless powder (81.5 g, 92%); mp 188 °C.

'H NMR (400 MHz, DMSO-d): 3=0.92 (t, J=7.4 Hz, 6 H,
CH4CH,), 1.38 (br s, 4 H, CH,CH,pyr), 2.10 (s, 6 H, CH;pyr), 2.23
(q,J=7.4Hz,4H, CH,CH,), 2.55 (br s, 4 H, CH,CH,pyr), 5.18 (s,
4 H, CH,Ph), 7.25-7.38 (m, 10 H, C¢H5), 11.07 (br s, 2 H, NH).

13C NMR (100.6 MHz, DMSO-dg): §=11.0 (CHspyr), 16.1
(CH,CH,), 16.8 (CH3CH,), 24.9 (CH,CH,pyr), 31.7 (CH,CH,pyr),
64.4 (CH,Ph), 115.0 (C-2), 122.4 (C-4), 127.9, 128.0, 128.5 (CHgy),
130.7 (C-5), 1315 (C-3), 137.2 (C-Ph,,), 160.6 (CO,Bn).

MS (El, 70 eV): m/z = 540 (M").

Anal. Calcd for C;,H,N,0O,: C, 75.53; H, 7.46; N, 5.18. Found: C,
74.94; H, 7.54; N, 5.07.

1,4-Bis(2-benzyloxycar bonyl-5-ethoxycar bonyl-4-ethyl-3-
pyrrolyl)butane (11)

Under a blanket of argon, compound 10 (48.0 g, 88.8 mmol) was
suspended in anhyd CH,Cl, (240 mL), and SO,Cl, (43.3 mL, 533
mmol) was slowly added while keeping the contents of the flask at
r.t. by the aid of a water bath. After the addition, the solution was
kept at r.t. for another 4 h before all volatiles were evaporated under

reduced pressure at r.t. The resulting red solid was treated with 98%
EtOH (240 mL), the mixture heated to reflux for 2 h and then a-
lowed to cool slowly to r.t. The product crystallized on cooling, and
was collected by suction filtration, washed with EtOH and dried at
60 °C to yield acolorless solid (43.1 g, 74%); mp 106 °C.

IH NMR (400 MHz, C;D;): 8 = 0.88 (t, J = 7.4 Hz, 6 H, CH,CH,0),
1.24(t,J=7.4Hz, 6 H, CH;CH,pyr), 1.78 (br s, 4 H, CH,CH,pyr),
2.85(q,J=7.4Hz, 4H, CH;CH,pyr), 2.89 (br s, 4 H, CH,CH,pyr),
3.97 (g, J=7.4 Hz, 4 H, CH,;CH,0), 5.08 (s, 4 H, CH,Ph), 7.00—
7.19 (M, 10 H, C¢Hz), 9.49 (br s, 2 H, NH).

3C NMR (100.6 MHz, CiDy): §=14.2 (CH,CH,0), 16.0
(CH4CH,pyr), 18.3 (CHsCH,pyr), 24.8 (CH,CH,pyr), 32.0
(CH,CH,pyr), 60.3 (CH;CH,0), 66.3 (CH,Ph), 121.5 (C-2), 122.0
(C-5), 128.4, 128.7, 128.8 (CHp,), 132.1 (C-3), 133.6 (C-4), 136.4
(C-Phips), 160.4 (CO,EL), 160.5 (CO,BN).

MS (El, 70 eV): m/z = 656 (M*).

Anal. Calcd for CigHN,Og: C, 69.49; H, 6.75; N, 4.27. Found: C,
69.26; H, 6.73; N, 4.26.

1,4-Bis(2-car boxy-5-ethoxycar bonyl-4-ethyl-3-pyrrolyl)butane
(12)

Toasolution of 11 (63.2 g, 96.1 mmol) in anhyd THF (800 mL) was
added Pd/C (10%, 7.0 g), and the mixture was hydrogenated at at-
mospheric pressure and r.t. for 12 h. The mixture was filtered and
the dark precipitate was carefully extracted with several small por-
tions of THF at 60 °C (1000 mL in total). After evaporation of the
solvent, the title compounds remained as a clean white solid (42.1
g, 92%); mp 253 °C.

!H NMR (400 MHz, DMSO-d): §=1.01 (t, J=7.4 Hz, 6 H,
CH4CH,pyr), 1.27 (t, J= 7.4 Hz, 6 H, CH,CH,0), 1.46 (br s, 4 H,
CH,CH,pyr), 2.60 (g, J = 7.4 Hz, 4 H, CH,CH_pyr), 2.66 (br s, 4 H,
CH,CH,pyr), 4.21 (q, J = 7.4 Hz, 4H, CH,CH,0), 11.31 (br s, 2 H,
NH), 12.7 (br s, 2 H, COH).

13C NMR (100.6 MHz, DMSO-dg): & =14.4 (CH,CH,0), 16.0
(CH,CH,pyr), 17.6 (CH;CH,pyr), 24.0 (CH,CH.pyr), 31.4
(CH,CH,pyr), 60.1 (CH;CH,0), 121.1 (C-5), 122.6 (C-2), 130.2
(C-3), 132.5(C-4), 160.4 (CO,EL), 162.1 (CO,H).

MS (El, 70 eV): miz = 476 (M").

Anal. Calcd for CoHa,N,05: C, 60.49; H, 6.77; N, 5.88. Found: C,
60.41; H, 6.81; N, 5.74.

1,4-Bis(5-ethoxycar bonyl-4-ethyl-2-iodo-3-pyrrolyl)butane (13)
Compound 12 (20.0 g, 42.0 mmol) and NaOAc (20.6 g, 252 mmol)
were suspended in anhyd THF (400 mL) and heated under ablanket
of argon to 70 °C. The resulting suspension was treated dropwise
with asolution of I1Cl (26.6 g, 164 mmol) in anhyd THF (200 mL),
whereupon an amost clear, dark brown solution was formed. This
solution was stirred at 70 °C for 24 h, then cooled to r.t. and decol-
orized by the addition of aq N&,S,0;. The contents of the flask were
extracted with CH,CI, (3 x 200 mL), the combined organic layers
dried (Na,SO,) and evaporated to leave a brownish-yellow solid.
The solid was dissolved in cold EtOH (100 mL), stirred for 10 min,
filtered under suction, and the product was washed with EtOH until
colorless (17.5 g, 65%); mp 187 °C (dec.).

H NMR (400 MHz, CDCl,): $=1.10 (t, J=7.4 Hz, 6 H,
CH4CH,pyr), 1.33 (t, J= 7.4 Hz, 6 H, CH,CH,0), 1.49 (br s, 4 H,
CH,CH,pyr), 2.37 (br s, 4 H, CH,CH,pyr), 2.72(q, J = 7.4 Hz, 4 H,
CH4CH,pyr), 4.30 (q, J = 7.4 Hz, 4 H, CHsCH,0), 8.90 (br s, 2 H,
NH).

3C NMR (1006 MHz, CDCly): =144 (CHsCH,0), 15.6
(CH4CH,pyr), 18.8 (CHsCH,pyr), 26.3 (CH,CH,pyr), 30.6
(CH,CH,pyr), 60.1 (CH;CH,0), 73.2 (C-2), 123.2 (C-5), 129.8 (C-
3), 133.3(C-4), 160.4 (CO,EL).
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MS (El, 70 eV): m/z = 640 (M").

Anal. Cacdfor C,,Hg,l,N,O,: C,41.27; H, 4.72; N, 4.38. Found: C,
41.65; H, 4.72; N, 4.31.

3,3'-(1,4-Butandiyl)-5,5 -diethoxycar bonyl-4,4' -diethyl-2,2’ -
bipyrrole (14)

Compound 13 (18.5 g, 28.9 mmol) and di-tert-butyl dicarbonate
(13.8 g, 63.1 mmol) were suspended in anhyd CH,Cl, (190 mL) and
treated with 4-dimethylaminopyridine (185 mg) at r.t. for 2 h. Silica
gel (20 g) was added to destroy excess anhydride, and after stirring
for 1 h, the mixture was filtered, the cake carefully washed with
CH,CI,, and the combined organic washings were evaporated to
leave ayellowish semi-solid. This solid was dissolved in anhyd tol-
uene (270 mL), copper powder (22.4 g, 353 mmol) was added and
the slurry was refluxed for 3 d. Copper was filtered off over Celite
and the solids washed carefully with additiona toluene. The com-
bined toluene solutions were washed with H,O (2 x 200 mL), dried
(Na,S0,), and evaporated to abrown, heavy oil. Thiswas pyrolyzed
at 200 °C/20 mbar for 1 h, cooled to r.t., and treated with hexane in
a sonic bath for 15 min, whereupon the title compound solidified.
The fine, greenish powder was filtered with suction, washed with
hexane, and dried in vacuo to yield 9.71 g (87%) of 14; mp 177 °C.

!H NMR (400 MHz, CDCly): §=1.11 (t, J=7.4 Hz, 6 H,
CH4CH,pyr), 1.32 (t, J= 7.4 Hz, 6 H, CH;CH,0), 1.72 (br s, 4 H,
CH,CH,pyr), 2.59 (br s, 4 H, CH,CH,pyr), 2.72 (q, J = 7.4 Hz, 4 H,
CH3CH,pyr), 4.28 (q, J= 7.4 Hz, 4 H, CH,CH,0), 9.11 (br s, 2 H,
NH).

3C NMR (1006 MHz, CDCly): §=14.4 (CH,CH,0), 15.4
(CH,CH,pyr), 18.2 (CH,CH,pyr), 225 (CH,CH,pyr), 26.6
(CH,CH,pyr), 60.1 (CH;CH,0), 118.7 (C-5), 123.2 (C-3), 125.5
(C-2), 133.9 (C-4), 161.7 (CO,EY).

MS (El, 70 eV): m/z = 386 (M").

Anal. Calcd for C,,H3,N,O,: C, 68.37; H, 7.82; N, 7.25. Found: C,
68.36; H, 7.74; N, 7.13.
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