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- C4H403 - H, 70.2), 144 (M+ - C4H403 - CH3, 63), 130 (M+ -
C4H403 - Csz, 36).
1-Acetyl-2-hydroxy-4-ethyl-3,4,5,6-tetrahydropyrrolo-
[3,2,1-ij]quinoline (31b). Treatment of 29b with Rh,(OAc), in
refluxing CH,Cl, as described above gave 31b. Yield: 88%. IR:
Vmax (Deat) 1732, 1659, 1614, 1593 cm™.. 'H NMR: & 1.01 (t, 3
H, J = 7.3 Hz, Me), 1.40-1.95 (m, 3 H, CH,, H-5), 2.05-2.25 (m,
1 H, H-§), 2.40 (s, 3 H, COMe), 2.65-2.90 (m, 2 H, H-6), 4.204.35
(m, 1 H, H-4), 6.92-7.02 (m, 2 H, ArH), 7.16 (dd, 1 H, J = 6.3,
2.0 Hz, H-9), 12.90-13.40 (br hump, 1 H, OH). *C NMR: 5. 10.51,
20.06, 20.56, 23.85, 25.68, 49.72, 102.50, 117.22, 119.98, 120.68,
121.33, 123.76, 134.40, 169.88, 172.70. Anal. Caled for C,sH;;NO,:
C, 74.03; H, 7.05; N, 5.76. Found: C, 74.24; H, 7.21; N, 5.69.
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Synthesis and Characterization of a New 26x-Aromatic
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A new porphyrin-like or “pentaplanar” macrocyclic ligand (9) has been synthesized by a McMurray coupling
of 2,5-bis(5-formyl-4-propyl-2-pyrrolyl)thiophene, followed by air oxidation in chloroform. This highly stable
macrocycle is aromatic, as evidenced by its UV-visible and 'H NMR spectra. The pathway to 9 as well as the
synthesis of two asymmetric dipyrrolylthiophenes is also described.

Introduction

Reports of new porphyrin-like, aromatic macrocyclic
ligands have appeared in increasing number in the last few
years.’2 These macrocyclic ligands generally consist of
five-membered rings linked electronically by zero, one, or
two sp-hybridized (methine) atoms to form a cyclic ex-
tended aromatic network. These and other unsaturated
ligands have potential uses as one- and two-dimensional
conductors,® as drugs for photodynamic therapy,* as
multimetallic chelates for catalysis® and magnetic reso-
nance imaging,® as media for chemical sensors,’ and as
anion chelands.?! We report here the synthesis of the new
macrocycle 9 and some of its spectroscopic features.

Results and Discussion
The precursor dialdehyde 8 for the synthesis of macro-
cycle 9 was made by modifications of the method of Merrill
and LeGoff? (Scheme I). Pyrrole 10 was treated with
sulfuryl chloride in acetic acid at 70 °C to give aldehyde
2 in a 68% yield. This aldehyde was then coupled with
divinyl sulfone by the method of Stetter!! to give the

(1) Vogel, E. Pure Appl. Chem. 1990, 62, 557-564.

(2) Sessler, J. L.; Morishima, T.; Lynch, V., Angew. Chem., Int, Ed.
Engl. 1991, 30, 977-980 and references therein.

(3) (a) McGhee, E. M.; Hoffman, B.; Ibers, J. A. Inorg. Chem. 1991,
30, 2162-2165. (b) McGhee, E. M.; Godfrey, M. R. Hoffman, B. H.; Ibers,
J. A, Inorg. Chem. 1991, 30, 803-808. (c) Ibers, J. A.; Pace, L. J.; Mar-
tinsen, J.; Hoffman, B. M. Struct. Bond. 1982, 50, 1-55.

(4) Gomer, C. J., Ed. Future Directions and Applications in Photo-
dynamic Therapy; SPIE Optical Engineering Press: Bellingham, WA,
1990.

(5) Johnson, M. R. B.A. Thesis, Reed College, 1982.

(6) Smith, P. H,; Brainard, J. R.; Morris, D. E.; Jarvinen, G. D,; Ryan,
R. R. J. Am. Chem. Soc. 1989, 111, 7437-7443.

(7) Snow, A, W,; Barger, W. R. In Phthalocyanines: Properties and
Applications; Leznoff, C. C., Lever, A. P. B, Eds.; VCH: New York, 1989;
Chapter 5.

(8) Sessler, J. L.; Cyr, M. J.; Lynch, V. J.; McGhee, E.; Ibers, J. A. J.
Am, Chem. Soc. 1990, 112, 28102813,

(9) Merrill, B. A.; LeGoff, E. J. Org. Chem. 1990, 55, 2904-2908.

(10) Fischer, H.; Goldschmidt, M.; Niissler, W. Liebigs Ann. Chem.
1931, 486, 1-54.
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%(a) Zn°/HOAc/H,0; (b) (1) SO,Cl,/HOAc/70 °C, (2) H,0; (c)
divinyl sulfone, [3,4-dimethyl-5-(2-hydroxyethyl)thiazolium iod-
ide], Et3N, p-dioxane, 70 °C, 20 h; (d) Lawesson’s reagent, toluene,
reflux 1.5 h; (e) (1) NaOH/H,0/EtOH/reflux, (2) hot HOA¢/H,0;
(f) 240 °C/(0.2 Torr); (g) PhCOCl/DMF/0 °C; (h) PhCOCl/
DMF/75 °C, 10 h; (i) (1) Ti°%/THF/reflux, (2) air oxidation in
CHCl; 1 h.

1,4-dipyrrolylbutane-1,4-dione 3, which precipitated from
the cooled reaction mixture in 75% yield and very high

(11) (a) Stetter, H., Angew. Chem., Int. Ed. Engl. 1976, 15, 639-647.
(b) Stetter, H.; Bender, H.-J. Chem. Ber. 1981, 114, 1226-1233.
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Figure 1. Proton NMR spectrum (CDCl;, 300 MHz) of macrocycle 9.

purity. Dione 3 was then cyclized with Lawesson’s reagent
in refluxing toluene to give predominantly the desired
dipyrrolylthiophene ester 4. This product was contami-
nated with 5~10% of byproduct dipyrrolylfuran,!? and no
satisfactory means of separation of these two products,
other than chromatography, was found. Ester 4 was sa-
ponified (24-h reflux) and decarboxylated by sublimation
of the acid intermediate. In addition to the major product
5, a substantial amount of monoester 6 was reproducibly
obtained, and separation by chromatography was again
required.

2,5-Bis(4-propyl-2-pyrrolyl)thiophene 5 rapidly reacts
under Clezy-Vilsmieir conditions!® at 0 °C to give the
monoaldehyde 7, an initial target compound, upon workup.
Diformylation of 5 was also achieved, but this required a
higher temperature (75-100 °C) and a longer reaction time
(10 h), in accord with earlier findings for unsubstituted
dipyrrolylthiophene.? Macrocycle 9 was then prepared in
28% yield by a McMurray coupling of dialdehyde 8. The
initial coupling product rapidly oxidizes when dissolved
in chloroform to give 9.

Macrocycle 9 is clearly aromatic, as evidenced by both
proton NMR (Figure 1) and UV-visible spectroscopy
(Figure 2). In Figure 1, a sharp peak at § -2.2 ppm is
consistent with a diamagnetically shielded internal pyrrole
proton, and the peaks at 10.53, 10.54, and 11.65 ppm
correspond to the external and deshielded pyrrole,
thiophene, and methine resonances, respectively. The
propy! group resonances are also easily assignable. The
UV-visible absorbance of 9 shows a widely split Soret band
at 460 and 501 nm, consistent with the pronounced Dy,
symmetry of the molecule, and four Q transitions at 745,
780, 790, and 859 nm. The Soret absorbances are of similar
intensity (¢ = 2 X 10° and 9.5 X 10%) to porphyrins,4

(12) Contamination of thiophene products with furan byproducts ap-
pears to be endemic: Perrine, D. M.; Bush, D. M.; Kornak, E. P.; Zhang,
M.,; Cho, Y. H.; Kagan, J. J. Org. Chem. 1991, 56, 5095-5098.

(13) Chong, R.; Clezy, P. S.; Liepa, A. J.; Nichol, A. W. Aust. J. Chem.
1969, 22, 229-238,

(14) Fuhrhop, J.-H.; Smith, K. M. Laboratory Methods In Porphyrin
and Metalloporphyrin Research; Elsevier: New York, 1975.

121 ﬂ

0.8 1

0.4 4

T 1 T T 1

350 450 550 650 750 850
Wavelength, nm

Figure 2. UV-visible absorbance spectrum (THF, 6.5 umol) of
macrocycle 9.

porphycenes!® (¢ =~ (1-2) X 10%), and other porphyrin-like
macrocycles.? As for porphycenes, the Q transitions of 9
are very prominent relative to those in the Soret region,
being about 30-40% as intense. With porphyrins and
metalloporphyrins, the Q bands usually are only about
1-15% as intense.1®

(15) Waluk, J.; Muller, M.; Swiderik, P.; Kbécher, M.; Vogel, E.;
Hohlneicher, G.; Michl, J. J. Am. Chem. Soc. 1991, 113, 5511-5527 and
references therein.

(16) Derivatives of porphyrinones are known to have very strong vis-
ible absorbances relative to the Soret: Chang, C. K.; Sotiriou, C.; Wu,
W. Proc. SPIE 1990, 1203, 281-286. ’
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Macrocycle 9 is similar to sapphyrin,®!7 porphycene,!
rubyrin,? pentaphyrin,'® hexaphyrin,'® platyrin,'® and other
known aromatic macrocycles, where the aromatic stabili-
zation derives from a diatropic m-network that extends
through and between the five-membered rings comprising
the parent macrocycle. We suggest that the name
“pentaplanar” succinctly describes these two common
features, e.g. aromaticity and five-membered ring inclusion,
that are shared by all of these macrocycles. Macrocycle
9 is in fact an isomeric analogue of rubyrin, a recently
synthesized hexapyrrolic macrocycle? with methine groups
arranged from the ring in the order [1.1.0.1.1.0.].2°
Macrocyele 9, by contrast, has methine groups arranged
about the ring in the order [2.0.0.2.0.0.] and has two pyrrole
groups replaced by thiophene groups. Other thiophene-
containing aromatic macrocycles are known,% and many
bind to a range of metals; however, these thiophene-con-
taining macrocycles are all variants of the well-known
porphyrin or [1.1.1.1]-type system.

Macrocycle 9 is potentially capable of acting as a binu-
clear ligand, and preliminary evidence suggests that this
occurs for Cu(II). We will report on the metal-binding,
emission, and electrochemical properties of 9 and its
analogues in the near future.

Experimental Section

Toluene and p-dioxane were dried by refluxing with sodium
under argon, followed by distillation. Tetrahydrofuran was dried
by distillation under argon from sodium-benzophenone ketyl.
Pyridine was stored over NaOH pellets. Anhydrous dimethyl-
formamide was obtained from Burdick and Jackson Co. and stored
over 4-A sieves under N, or Ar. All other solvents, acids, and bases
were obtained commercially and were used as received. Ethyl
butyrylacetate, ethyl acetoacetate, divinyl sulfone, 3,4-di-
methyl-5-(2-hydroxyethyl)-1,3-thiazolium iodide, Lawesson’s
reagent, benzoyl chloride, and titanium tetrachloride were ob-
tained from Aldrich Chemical Co. and were used as received.
Sodium nitrite, zinc dust, and sulfuryl chloride were obtained from
several commercial sources and used as received.

Melting points were determined on a Mel-Temp melting point
apparatus and are uncorrected. Proton and *C NMR mea-
surements were made with CDCl; as solvent on a Varian Gemini
NMR spectrometer operating at 300 and 75.4 MHz, respectively.
NMR chemical shifts are reported in parts per million, with TMS
as reference, or the DMSO solvent peak for compound 8. EI and
FAB low- and high-resolution mass spectra were recorded on a
VG analytical 70SE quadrupole mass spectrometer by Doris Hung
of the Analytical Services Laboratory at Northwestern University.
UV-visible spectra were recorded on a Cary-14 spectrophotometer
equipped with the hardware/software modification package
provided by On-Line Instrument Systems, Inc. Jefferson, GA.
Elemental analysis was performed by Galbraith Laboratories,
Knoxville, TN.

2-Methyl-4-propyl-3,5-dicarbethoxypyrrole (1). This com-
pound was synthesized by the method of Fischer, Goldschmidt,
and Nissler.®® A 5-L round-bottom flask was equipped with a
paddle, a motor, a dropping funnel, and an ice bath. To the flask
was added ethyl butyrylacetate (360 g, 2.27 mol) and acetic acid
(1700 mL). The solution was cooled to about 5 °C with an ice
bath, and a solution of sodium nitrite (160.8 g, 2.33 mol) in water
(430 m1) was dropped in. After the addition was complete, the

(17) Broadhurst, M. J.; Grigg, A. W.; Johnson, J. J. Chem. Soc., Perkin
Trans. 1 1972, 2111-2118.

(18) (a) Gossauer, A. Bull. Soc. Chim. Belg. 1988, 92, 793-795. (b)
Rexhausen, H.; Gossauer, A. J. Chem. Soc., Chem. Commun. 1983, 275.
(19) LeGoff, E.; Weaver, O. G. J. Org. Chem. 1987, 52, 710-711.

(20) In this nomenclature, the numbers 0, 1, and 2 represent the
number of methines between consecutive pyrroles (or thiophenes) in the
ring. Thus, porphine is represented by the term [1.1.1.1.] and its isomer
porphycene by the term [2.0.2.0.).

(21) Vogel, E.; Rohrig, P.; Sicken, M.; Knipp, B.; Herrmann, A.; Pohl,
M.; Schmickler, H.; Lex, J. Angew. Chem., Int. Ed. Engl. 1989, 28,
1651-1655.

(22) Rauchfuss, T. B. Prog. Inorg. Chem. 1991, 39, 259-329.
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contents of the flask were allowed to warm to room temperature
over a period of 2-24 h. Ethyl acetoacetate (295.2 g, 2.26 mol)
was added, followed by portions of zinc dust (finely divided, 300
g total) with vigorous stirring. The zinc dust addition was exo-
thermic, and when 65 °C was reached the flask was cooled with
ice and the zinc dust was added more slowly so as to maintain
a temperature of 70 °C in the flask. When the zinc dust addition
was complete, the ice bath was removed and the flask contents
were stirred for an additional 1.5 h at 70 °C. The contents of the
flask were poured into a bucket containing 10 kg of crushed ice,
stirred well, filtered, washed with water, recrystallized from
ethanol/water, and dried to give product 1 (298 g, 1.1 mol, 49%,
mp 102-103 °C; lit.!* mp 102 °C): H NMR 6 0.97 (t, J = 5.5 Hz,
3 H, CH,CH,CHj), 1.366, 1.376 (2 t, J = 5.4 Hz, 6 H, 2 OCH,CH,),
1.57 (sextet, J = 5.7 Hz, 2 H, CH,CH,CHj), 2.53 (s, 3 H, CHjy),
3.04 (t,J = 5.7 Hz, 2 H, CH,CH,CHy), 4.31 (m, 4 H, 2 OCH,CHj,),
9.45 (br, 1 H, NH); 13C NMR 6 14.13, 14.22, 24.42, 27.63, 59.33,
60.26, 112.71, 117.62, 135.76, 139.71, 162.12, 165.31; MS m /e 267
(100), 238 (61), 222 (34), 192 (45); HRMS caled for C;,H;;NO,
m/e 267.1471, found 267.1454.
2,4-Dicarbethoxy-3-propylpyrrole-5-carboxaldehyde (2).
In a fume hood a 250-mL three-necked round-bottom flask was
equipped with a thermometer, a dropping funnel, and an optional
nitrogen inlet, and was charged with acetic acid (150 mL) and
2,4-dicarbethoxy-5-methyl-3-propylpyrrole (1; 26.7 g, 0.1 mol).
The contents of the flask were stirred and heated to about 50 °C,
and sulfuryl chloride (28 g, 0.21 mol) was dropped in over a 15-min
time period. After the addition was complete, the flask contents
were stirred and heated to 50-70 °C for an additional 30 min, and
water (60 mL) was dropped in over 1 min. Some crystal deposition
was observed at this point. The contents of the flask were poured
into a 2-L beaker containing water (1 L). The contents of the
beaker were stirred until the solid mass all settled to the bottom.
The aqueous layer was decanted off; the solid was washed with
water (500 mL) and dissolved in hot ethanol (150 mL). The
solution so obtained was treated with NaHCOj; until no more
effervescence was observed at the boiling point, and the hot
ethanolic liquid was poured into a 250-mL beaker. The 2-L beaker
was filled with water (800 mL), and the ethanolic solution was
poured into it with vigorous stirring. The contents were stirred
for 10 min. The solid product 2 was collected by filtration, washed
with water, and recrystallized from hexane: yield 19 g (67 mmol,
67%); mp 91-92 °C; 'H NMR 4§ 0.98 (t, J = 5.5 Hz, 3 H,
CH,CH,CH.), 1.405, 1.414 (2 t, J = 5.4 Hz, 6 H, 2 OCH,CH,),
1.59 (sextet, J = 5.7 Hz, 2 H, CH,CH,CH,), 3.07 (m, 2 H,
CHchcha), 4.39 (q, J=54 HZ, 4 H, 2 OCHzCHs), 10.02 (br,
1 H, NH), 10.28 (s, 1 H, CHO); *C NMR 4 13.92, 14.05, 24.13,
26.78, 60.58, 61.11, 120.50, 123.60, 133.51, 135.57, 160.28, 163.33,
182.60; MS m /e 281 (100), 252 (40), 235 (65), 224 (28), 206 (60);
HRMS caled for C;,H;sNO; m/e 281.1263, found 281.1260.
1,4-Bis(3,5-bis(ethoxycarbonyl)-4-propyl-2-pyrrolyl)-1,4-
butanedione (3). A three-necked 2-L round-bottom flask
equipped with a stir paddle was charged with aldehyde 2 (150
g, 0.53 mol) and anhydrous 1,4-dioxane (1200 mL). The aldehyde
was stirred under an N, flow until it dissolved, and 3,4-di-
methyl-5-(2-hydroxyethyl)thiazolium iodide (22.25 g, 0.078 mol)
was added, followed by divinyl sulfone (30.82 g, 0.26 mol), and
triethylamine (16.2 g, 0.16 mol). The flask contents were heated
to 70 °C under N, and stirred at 68-72 °C for 20 h. The contents
were cooled with stirring to 40 °C and filtered, and the filtrate
was concentrated to 500 mL on a rotary evaporator. The flask
contents were cooled to about 14 °C, and the product so obtained
was collected by filtration and compressed with a rubber dam.
This crude product was washed with a minimum of very cold 25%
CH,Cl,/75% hexane (cooled to —50 to ~78 °C with dry ice) and
dried to yield the pure product 3 (106 g, 0.18 mol, 68%) as a white
powder, mp 129-130 °C. An additional 11.3 g of impure product
was recovered from the various mother liquors: total yield 76%;
'H NMR 5 0.96 (t, J = 7.4 Hz, 6 H, CH,CH,CH,), 1.37 (t, J =
7.2 Hz, 6 H, OCH,CHy), 142 (t, J = 7.2 Hz, 6 H, OCH,CH,), 1.58
(sextet, J = 7.6 Hz, 4 H, CH,CH,CHj), 2.91 (t,J = 7.8 Hz, 4 H,
CH,CH,CH,), 3.37 (s, 4 H, O=CCH,CH,C=0), 4.87 (q,J = 7.2
Hz, 4 H, OCH,CHj,), 4.40 (q, J = 7.2 Hz, 4 H, OCH,CHj,), 9.89
(br, 2 H, NH); 13C NMR 4 14.04, 14.09, 14.21, 24.38, 27.24, 34.70,
60.95, 61.21, 119.70, 121.87, 131.54, 134.07, 160.23, 164.98, 190.71;
MS m/e 588 (100), 543 (25), 496 (67), 450 (14), 423 (12); HRMS
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