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Following the discovery that meso-substituted corroles are formed in solvent-free condensation of pyrrole with aldehydes, we demonstrate
that a small variation in the methodology is suitable for facile synthesis of cobalt(lll) corrole and hexaphyrin. These compounds, as well as
three noncyclic products, were fully characterized by spectroscopy and X-ray crystallography.

The year 1999 signaled a real renaissance of corrolepyrrole with pentafluorobenzaldehyéeeither neat or on
chemistry, induced by the first facile syntheses of the hitherto alumina support, followed by DDQ oxidatidA? The two

almost unknown triarylcorrolelsMost significant, and in

additional products shown in Scheme 1 were also fully

sharp contrast to the preceding three and a half decadescharacterized, an8was shown to be an excellent precursor

corrole-based applications began to be repottéd.this
aspect, the most important corroleli§Scheme 1), for which
two efficient syntheses were reported:
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data were all consistent with the molecular structure shown

Scheme 1. Formulas of Previously Fully Characterized in Figure 17 This includes the intramolecular NH- - -N

Compounds from the Solvent-Free Condensation of Pyrrole and
Pentafluorobenzaldehyte

CeFs

Figure 1. Molecular structure of compourl The atomic thermal
displacement parameters are represented by 50% probability

The objectives of this work were the isolation of additional ellipsoids in all figures.
interesting compounds that might be present in the reaction
mixture and to check if reaction with cobalt(ll) acetate prior
to purification of1 is an efficient way for easy preparation hydrogen bond, evident both in the crystal structure and from
of the corresponding metal complex. To accomplish these the*H NMR chemical shift of 12.0 ppm. The spectroscopic
tasks, we choose the solvent- and support-free method fordata of the green compousds indicative of an open-chain
the synthesis of.1° Particular attention was paid to the two  Oligopyrrole. Its'H NMR displays four types of-pyrrole
compounds whose polarity is similar 14 and5, Scheme  hydrogen atoms at relatively high field (6-6.7 ppm), five

2) and to compounds because of its formation in a arylrings are detected ByF NMR, and its MS n/z1171.7
(IM]~, 10), 1155.8 ((M— OH]~, 100)) is also consistent

I, ' ("¢ formula shown in Scheme 2

Scheme 2. Proposed Mechanism for the Formation of Apparently,Z, 4, ands, are "’,1" dead-end byproducts th_at
Compound<2, 4, and5 are responsible for decreasing the yield of the desired

macrocyclic compounds. A mechanism that may account for
the formation of these three products is proposed in Scheme
2, which starts with elimination of water from the growing
chain. Compounc is obtained via a 1,5-H-shift, and the
formation of4 seems to indicate that the presence of a basic
nitrogen atom in the vicinity of the benzylic proton induces
a Knoevenagel condensation with the electron-poor aldehyde.
Compound5 appears to be an analogue of the green
compounds that accompany the desired corroles in other
synthetic strategies, which have been proposed to be one-
electron oxidized corrolestfcation radicals§. Our results
clearly show thab is an open-chain tetrapyrrole, presumably

(4) Injection of pyrrole (0.55 mL, 8 mmol) into a 100 mL flask loaded
with pentafluorobenzaldehyde (1 mL, 8 mmol) initiates a strongly exother-
mic reaction. After 16-15 min, the resulting black-brown resin-like material
is dissolved in dichloromethane (16020 mL), DDQ (0.75 g, 3.3 mmol)
is added, and the compounds are separated by chromatography (silica gel,
n-hexane/EtOAc= 200/1). TheRs values (silica geln-hexane/ChCl, =
2/1) of compound#l—6 are 0.57, 0.40, and 0.31, respectively.
reasonable yield (46%)# For the oranget we obtained (5) Crystal data of4 (crystallized from a mixture of dichloromethane

_ ; 1 and n-hexane): GH7F1sN,, formula weight 668.37, monoclinic, space
X-ray quality crystals, and the MS anfF and'H NMR groupP2;, a = 11.8050(7) Ab = 7.0160(5) A,c = 15.3170(7) A8 =
102.900(2)°V = 1236.59(14) & Z=2,T =110 K, Dcac= 1.795 gem 3,
(3) (a) For expanded porphyrins from this very reactive aldehyde, see: 5199 unique reflections @..x = 55.7°). The finalR; = 0.054 for 3630

Shimizu, S.; Shin, J.-Y.; Furuta, H.; Ismael, R.; OsukaAfdgew. Chem., observations with, > 40(F,), Ry = 0.091 (WR = 0.143) for all unique
Int. Ed. 2003, 42, 78-82, and references therein. (b) Simkhovich, L.; data,|Ap| < 0.31 e/&.
Rosenberg, S.; Gross, Zetrahedron Lett2001,42, 4929—4931. (6) Gryko, D. T.; Jadach, KJ. Org. Chem2001,66, 4267—4275.
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resulting from further reaction of the-free pyrrole position || | AN NG

in 2 or its precursor. In fact, the only macrocycle that was
obtained in the synthesis exceptbfs the very polar blue
compound6 that is discussed in a later section.

The main traditional methodologies for preparation of
corroles rely on addition of Co(OAgand PPhto reaction
mixtures of corrole precursors, from which the corresponding
(triphenylphosphine)cobalt(lll) corroles are obtairfedl-
though this is not necessary in the modern syntheses, we
decided to try to prepare Co(tpfc)(PPI{7) directly from
the reaction mixture without prior chromatographic separa-
tion of the corrolé® The number and kind of easily isolated
compounds from the reaction mixture is quite surprising
(Scheme 3). In addition to the expected product{%o

Scheme 3. One-Pot Procedure for Preparation of Compounds
7-10

1. 10 min Figure 3. Molecular structure of hexaphyrid.

H 1) 2. DDQ, CH,Cly

7 H)J\CGF5 3. Co(OAc)y, PPhg, ) ) _
NaQAc, EtOH, ovemight Since cobalt is the most common metal in all corrole

complexes and is the most extensively studied triarylcor-

yield), it was possible to adjust the reaction conditions as to
isolate the purple-violet hexaphyréin 2.5—3% yield and
compounds9 and 10 in yields of 0.5—1.5%. All four
compounds are very stable and were fully characterized by
X-ray crystallography (Figures 2—4).

Figure 2. The molecular structure of Co(tpfc)(Ph7. The large

ellipsoids of one of the aryl rings represent its partial (unresolved)
disorder, which however has little effect on the precision of the
core corrole structure. Figure 4. Molecular structures o® and 10.
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role, there is a significant interest in the crystal structure of
the previously reported complex® This task was only
achieved after many attempts (via recrystallization from
acetonitrile)t® The observed structure af(obtained as an
acetonitrile solvate) is significantly different from that of the
isoelectronic and isostructural rhodium(lll) complex Rh-
(tpfc)(PPh), mainly due to the smaller size of the cobalt
ion. The former complex is much less domed than the latter

presence of Co(OAg¥H,0 in ethanol. The much larger
polarity of 8 relative to6 is also very useful for synthetic
purposes; these two compounds can be separated by repeated
washing with n-hexane in which only6 is soluble. The

opposite transformation was performed by adding a few
drops of hydrazine hydrate to a solution &fin ethanol/

dichloromethane. All attempts to obtain X-ray quality crystals
of 6 failed, but we agree with the conclusion of Neves et al.

[the metal out-of-corrole-plane displacements are 0.324(7)that6 is a partially reduced hexaphyri#

and 0.469(5) A, respectively], has much shorter metal
nitrogen bonds [1.871(3)—1.886(3) vs 1.957(5)—1.973(5),
respectively], and also has a shorter mef#iosphorus bond
[2.2052(10) and 2.2217(16) A, respectively]. On the other
hand, the structure of is very similar to that of Co(tpc)-
(PPhy), for which the following structural parameters were
reported: metal ion displacement from the corrole plane
0.389 A, Co-N (corrole) bond lengths= 1.863(2)-
1.891(2) A, and Co—P bond length 2.201(1) Al

The violet compound, of which 70—87 mg (3.5—4.5%
yield) can be obtained from a single synthé3isyas
identified via a combination of spectroscopic methods
(UV—vis, MS, and!H and °F NMR) and X-ray crystal-
lography (Figure 3}2 By all these aspect§ is identical to
the hexaphyrin that was previously obtained by Neves et al.
together with the earlier mentioned blue compownith a
combined vyield of 1943 Interestingly,6 but not 8, was
obtained when Co(OAg)was omitted. Moreover, isolated
6 was fully converted into8 within 10—15 min in the

(7) (a) Paolesse, R. IRorphyrin Handbook; Kadish, K. M., Smith, K.
M., Guilard, R., Eds.; Academic Press: San Diego, CA, 2000; Vol. 2,
Chapter 11, pp 201232. (b) Erben, C.; Will, S.; Kadish, K. M. IRorphyrin
Handbook; Kadish, K. M., Smith, K. M., Guilard, R., Eds.; Academic
Press: San Diego, CA, 2000; Vol. 2, Chapter 12, pp-28B3.

(8) After the oxidation step with DDQ, the solvent was evaporated and
the product mixture was dissolved in ethanol. Co(QAH,0 (0.25 g, 1
mmol), PPk (0.25 g, 0.95 mmol), and NaOAc (0.8 g, 10 mmol) were added,
and the reaction was stirred overnight at room temperature. Column
chromatography (silicap-hexane/EtOAe= 170:1) afforded7—10, which
were eluted in the listed order.

(9) Simkhovich, L.; Galili, N.; Saltsman, I.; Goldberg, |.; Gross|iorg.
Chem.2000,39, 2704—2705.

(10) Crystal Data of7: CssH3CoFRsN4P-CHCN, formula weight
1155.73, orthorhombic, space groRpca a = 25.4510(1) Ap = 13.4560-

(2) A, c = 28.1280(4) AV = 9633.0(2) B, Z=8, T = 110 K, Dearc =
1.594 g-cm?3, 11596 unique reflections (24« = 56.5°). The finalR, =
0.066 for 7495 observations with, > 40(F,), Rt = 0.114 (WR = 0.185)
for all unique datajAp| < 1.01 e/&R. One of the pentafluorophenyl rings

is severely disordered, but its disorder could not be resolved. Hence, the

relatively high residual peaks in the final electron-density map.

(11) The best yields d8 were obtained by adding only 0.1 g (0.4 mmol)
of Co(OAc)-4H,0 and 0.1 g (0.38 mmol) of PRIn the last step.

(12) X-ray quality crystals 08 were obtained via recrystallization from

Compound9 is another proof that despite the unusual
reaction conditions, the earlier steps that eventually lead to
the corrole are identical to those leading to porphyrins and
other polypyrrolic macrocycles. Its structure (Figure 4)
presents the oxidized form of an immature chain-growing
intermediate, with either DDQ or cobalt(I)f@s the oxidants
of the hydroxyl groups in the proce&sThe structure o0
(Figure 4) is more unique because it demonstrates for the
first time that the coupling between two pyrrole units does
not necessarily occur only in the final cyclization to corrole.

We demonstrated the easy preparation of cobalt corrole
and hexaphyrin in methodologies that involve less synthetic
steps and minimal workup procedures. In addition, we
isolated several noncyclic products in the solvent-free
condensation of pyrrole with pentafluorobenzaldehyde. We
hope that such obtained mechanistic information will assist
in the design of optimal reaction conditions for increasing
the yield of corroles and other desired polypyrrolic macro-
cycles.
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(13) (a) Neves, M. G. P. M. S.; Martins, R. M.; Tomé, A. C.; Silvestre,
A. J. D; Silva, A. M. S; Félix, V.; Drew, M. G. B.; Cavaleiro, J. A. S.
Chem.Commun1999, 385—386. (b) For a 1820% yield of8, see: Shin,
J.-Y.; Furuta, H.; Yoza, K.; Igarashi, S.; Osuka,JAAm. Chem. So2001,
123, 7190—7191.

(14) Crystal data 0B: CygHsF15N20,, formula weight 698.35, mono-
clinic, space grougP2/c, a = 15.4480(3) A,b = 10.9440(2) A,c =
15.1680(3) A = 97.462(1)°V = 2542.63(8) B, Z =4, T = 110K, Dcac
= 1.824 g-cn13, 5959 unique reflections (2fix = 55.8°). The finalR, =
0.052 for 3577 observations with, > 40(Fg), Ry = 0.109 (WR = 0.143)

mixtures of dichloromethane/n-hexane or benzene/n-heptane. Crystal datafor all unique data|Ap| < 0.38 e/&.

of 8: CgeH14F30N6, formula weight 1460.83, monoclinic, space graR@/

c,a= 10.6687(2) Ab = 26.9481(7) Ac = 19.4308(4) A8 = 90.065-
(2)°,V =5586.4(2) R, Z=4,T = 110K, Dcac = 1.737 g-cm3, 11837
unique reflections (28.x = 55.8°). The finalR; = 0.051 for 6425
observations withF, > 40(F,), Rt = 0.123 (WR = 0.124) for all unique
data,|Ap| < 0.29 e/B. The molecular structure & determined in this

study at 110 K is considerably more precise than that reported in ref 13a.
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(15) Crystal data of10: CisH10F20N4O;, formula weight 1006.56,
triclinic, space grougP-1, a = 10.3440(3) A,b = 13.6840(4) A,c =
15.2040(5) A,a = 101.462(2)°,8 = 98.328(2)°,y = 105.560(2)°V =
1986.6(1) B, Z = 2, T = 110 K, Deae = 1.683 g-cnt3, 7299 unique
reflections (26hax = 51.4°). The finalR; = 0.075 for 4751 observations
with Fog 40(Fo), Rt = 0.130 (WR = 0.171) for all unique datgAp| <
0.35 e/R.
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