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Abstract — Dipyrrolylpyrazole 3, obtained from 1,3-di-(1H-pyrrol-2-yl)propane-
1,3-dione (2), was prepared as a building block for pyrazole-based binuclear
expanded porphyrins. An unusual transformation of 2, in solution or on
chromatography, afforded 1,3,3-tri-(1H-pyrrol-2-yl)prop-2-en-1-one (4) in good
yield. HRMS indicated the presence of an unstable pyrazole-based expanded
porphyrin 1 and its trinuclear Mg derivative 5 on condensation of 3 with benz-

aldehyde.

Considerable effort has been devoted in recent years to the preparation of binuclear complexes of
expanded porphyrins."'? Given the relatively small number of binuclear complexes of expanded
porphyrins prepared to date and the smaller number of well-characterized metal complexes that have been
reported, it is clear that many aspects of binuclear complexes of expanded porphyrin chemistry remain to
be explored.

We were interested in the synthesis of pyrazole-based binuclear expanded porphyrins of type 1 or 5 in
order to investigate the influence of such a sub-unit on their chemistry. For instance, there was the
possibility that introduction of a metal may cause the pyrazole sub-unit to spin to a different rotamer or to
obtain additional chelation by the two pyrazole nitrogens, similar to one (Figure 1) reported by Sessler et
al.> Furthermore, binuclear metal complexes of expanded porphyrins are of potential interest as catalysts
for reaction with atmospheric oxygen or CO; and as therapeutics for photodynamic therapy or for anion
sensing and transport.

The plan for the synthesis of expanded porphyrin 1 was to obtain 3,5-dipyrrolylpyrazole 3 via dipyrrolyl
diketone 2, and condense it with benzaldehyde (to 1) or with 2,5-bishydroxybenzyl furan in the presence
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of various acids followed by oxidation, as commonly used in the synthesis of porphyrin compounds

(Scheme 1).12%10:13.14

Pyrrolyl diketone 2 was obtained in 66% yield (reported 33%)"> by reaction of pyrrole with malonyl
dichloride in dichloromethane (DCM) at -2 °C, following the procedure reported by Maeda et al.,"” but in
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Figure 1. A binuclear metal complexed expanded porphyrin

(@) (@)
N—N H H
\
N N2 Ly
a )
o & “N\_T q
- LY

Figure 2. Proposed expanded porphyrins 1 and starting bispyrroles 2 and 3

an open system protected with a CaCl, tube instead of under argon and purifying 2 using washes only
without initial attempts to purify it by chromatography. While diketone 2 was obtained from the above
reaction in at least 95% purity (by NMR), attempts to further purify it by chromatography over silica or
alumina led unexpectedly to 1,3,3-tripyrrolylpropenone (4) in good yield (71%). Though 2 was stable as a
solid in a freezer for months, its conversion to 4 occurred in high yield (81%) even on standing for 5
months in a solution of DCM-hexane in the cold.

The formation of tripyrrolyl derivative 4 requires either reaction of the enol of 2 with a pyrrole unit
(formed in a decomposition of 2 as in Scheme 1) or by self-condensation of 2 (see Scheme 2). Hence it

was important to establish the absence of free pyrrole in the diketone sample before chromatography. In
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the isolation of diketone 2 from malonyl dichloride and pyrrole, we confirmed the complete consumption
of pyrrole by tlc and the absence of characteristic pyrrole peaks in the "H-NMR and MS of the diketone
product 2, before chromatography transformed it into the tripyrrolyl derivative 4.

The structure of 4 was unequivocally determined by 'H- and *C-NMR, HRMS, IR and UV-VIS spectra.
Furthermore, the spectral data of 4 resemble those of its mono phenyl or thienyl analog prepared by
double addition of pyrrole to a corresponding bromo acetylenic ketone by Trofimov et al.'®!” From 'H-
NMR, “C-NMR and H-H interactions (COSY in Figure 3) it was clear that there are three different
pyrroles (“A”, “B” and “C”) in the molecule, while C-H interactions in the NMR (HMQC & HMBC)
provided a final association of the carbons and hydrogens in pyrroles “A”, “B” and “C”. The C-H
coupling of the carbonyl carbon with the (3-CH) hydrogen in pyrrole “C” established a 2-keto-pyrrole
structure for this sub-unit. In the 'H-NMR and 2D-NMR of 4 in DMSO there is a peak at 13.5 ppm for
one of the (NH) hydrogen (see Figure 3), and the others are found at 11.8 and 11.5 ppm, while in a
mixture of acetone-ds and MeOD there was an exchange of only the NH at 11.5 ppm and not of the “H-
bonded hydrogens”, indicating strong intramolecular H-bonding to the C=0. In solution IR (in DCM)
there were two broad peaks near 3390 and 3290 cm™, suggesting a strong, intramolecular H-bond of the
hydrogens to the ketone. Additionally, the H-bonded structure in Figure 3, as well as extensive
conjugation of the ketone with the two pyrroles contributes to the fact that the C=O stretching frequency
of 4 appears as a strong peak at 1590 cm™, instead of near 1650 cm™ expected for an unsaturated C=0.
Furthermore, this IR is similar to that of an analogous compound possessing a thiophene instead of a

pyrrole adjacent to the C=0.'*'” HRMS was also consistent with structure 4.

Silica

Scheme 1. Proposed mechanism for conversion of 2 to 4 in the presence of pyrrole
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Reaction of diketone 2 with hydrazine hydrate in isopropanol under reflux produced dipyrrolyl pyrazole 3

in 75% yield after recrystallization. NMR and HRMS of 3 were consistent with its structure.'®
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H-NMR 110.05 122.11
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Figure 3. '"H-NMR, C-NMR and COSY H-H interaction (in DMSO-ds) of 4
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Attempts to prepare expanded porphyrin 1 by condensation of dipyrrolylpyrazole 3 with benzaldehyde in
acetic acid at 70 °C under Schlenck conditions led upon exposure to air to a purple unstable crude product
that showed the required molecular ion peaks at m/z 566 (1, 22 ne) and m/z 568 (dihydro 1), but the color
of which faded on standing in acetone-ds for 20 min. The electronic absorption spectrum (280 nm and
560 nm) of the crude product is also consistent with formation of an expanded porphyrin. Attempts to
oxidize dihydro 1 to 1 by DDQ or exposure to air led to decomposition, as did attempts to stabilize it by
the presence of metal ions (Zn(II), Pd(II), Ni(II)). Condensation of 3 with benzaldehyde in the presence
of Mg(Il) acetate did furnish a crude blue solid which showed a matching HRMS in which the typical
expected isotopic effect of three magnesium atoms inside the molecule was detected (Figure 4), as shown
by peaks at 637.143, 638.147, 639.141, and 640.140 and consistent with a trimagnesium derivative 5.
However, even this derivative was not stable and decomposed in the presence of water, light, on
chromatography or attempted crystallization. The lack of stability of expanded porphyrin 1 and its metal
derivative may be due to lack of planarity as well as to its anti-aromatic character (22 we), but improved

stability might be achievable by using substituted substrates.

Figure 4. Trimagnesium derivative 5

In summary, 3,5-di-(1H-pyrrol-2-yl)-1H-pyrazole (3), obtained from 1,3-di-(1H-pyrrol-2-yl)propane-1,3-
dione (2) was prepared as a potential building block for pyrazole-based expanded porphyrin 1. HRMS of
unstable products resulting from condensation of 3 with benzaldehyde indicated the presence of 1 and its
unstable trinuclear (trimagnesium) expanded porphyrin 5. An unusual apparent self-condensation of

diketone 2 under mild conditions led to 1,3,3-tri-(1H-pyrrol-2-yl)prop-2-en-1-one (4) in good yield .

EXPERIMENTAL SECTION
'H and >C NMR spectra of 200-MHz, 300-MHz and 600-MHz were obtained on Bruker AC-200, AM-
300 and DMX-600 spectrometers, respectively. Chemical shifts are expressed as & values in ppm

downfield from Me,Si used as an internal standard. HRMS were obtained on a VG AutoSpec E

spectrometer. Melting points were obtained on a Fisher-Johns melting point apparatus. Reaction progress
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was monitored by TLC on silica gel (Merck, Art. 5554), or neutral alumina (Merck, 60 Fjs4). Flash
chromatography was carried out on silica gel (Merck, Type 9385), basic alumina (Merck, Type 58A),
acidic alumina (Merck, Type 504C) or alumina (Merck, Type 506-C-1). Unless otherwise stated, all
commercially available compounds were used without further purification.

General chemical methods: Unless otherwise stated, all reactions using air- or water-sensitive reagents
were conducted under a dry inert gas atmosphere (argon) with dry solvents, and all glassware was dried at
120 °C overnight and flame dried before use. THF was distilled over Na/benzophenone ketyl under dry
inert gas immediately prior to use. Dichloromethane was distilled over P,Os under dry inert gas and
stored in the presence of activated 4 A molecular sieves. Benzaldehyde was distilled immediately prior to
use. Pyrrole was purified on an Al,O3 column immediately prior to use. Argon and N, were dried over a
Si0,/CoCl; column immediately prior to use. For NMR studies CDCIl; was purified by passing through a
basic alumina micro column (made from a pipette) immediately prior to use in order to eliminate HCI (or
DCI) from the CDCIl;. All NMR tubes were wrapped in aluminum foil, to prevent exposure to light. All
samples for MS were saved at -20 °C in the dark; in the case of highly sensitive material, MS was
performed immediately. All reactions were performed in the dark. All crystallizations were carried out at
4 °C or at -20 °C in the dark. Consumption of starting material was confirmed using TLC analysis.
1,3-Di-(1H-pyrrol-2-yl)propane-1,3-dione (2): Based on a reported procedure," a solution of pyrrole
(2.01 g, 30 mmol) in dry CH,Cl, (90 mL) protected with a drying tube was treated with malonyl chloride
(2.115 g, 15 mmol) at -2 °C (in a NaCl/water/dry ice bath) and stirred for 3 h at the same temperature.
After confirming the consumption of the starting pyrrole by TLC analysis, 180 mL CH,Cl, were added
and the mixture was transferred to a separatory funnel and washed twice with saturated aq. Na,COs and
twice with saturated aq. NaCl. The solution was dried over anhydrous Na,SOy, filtered, and evaporated to
dryness to yield crude 1,3-di-(1H-pyrrol-2-yl)propane-1,3-dione 2 (2.012 g, 66.4 %) as a pale yellow
solid (95% pure by 'H-NMR). Crude 2 was used immediately without additional purification in the
preparation of 3,5-di-(1H-pyrrol-2-yl)-1H-pyrazole 3. '"H-NMR (300MHz, DMSO-ds): (diketone 2 as a
mixture of keto and enol tautomers in the ratio of 1:0.58 in DMSO-ds): keto form: 4.24 ppm (s, 2H, CH,),
6.20 (m, 2H, pyrrole-H), ), 7.07 (m, 2H, pyrrole-H), 7.11 (m, 2H, pyrrole- H), 11.86 (br s, 2H, NH),; enol
form: 6.25 ppm (m, 2H, pyrrole-H), 6.66 (s, 1H, CH), 6.99 (m, 2H, pyrrole-H), 7.11 (m, 2H, pyrrole-H),
11.83 (br s, 2H, NH). These NMR data are essentially identical to the ones reported.” *C-NMR
(300MHz, acetone-dg): (diketone 2 as a mixture of keto and enol tautomers in the ratio of 1:1 in acetone-
ds) 50.05, 90.65, 110.91, 110.96, 111.18, 111.23, 114.20, 114.23, 118.40, 124.60, 124.77, 126.18, 126.35,
129.72, 132.97, 176.99, 183.77. HRMS calcd. For C;,H;;N,O, [MH'] 203.0821; found 203.0806.
3,5-Di-(1H-pyrrol-2-yl)-1H-pyrazole (3): To 0.226g ,1.12 mmol of 2 in 15 mL of dry THF and 15 mL
of 2-propanol under argon, was added hydrazine hydrate (0.6 g , 12 mmol) and after reflux for 3 days,
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extraction with 1M HCI and neutralization with NaHCOj afforded 3,5-di-(1H-pyrrol-2-yl)-1H-pyrazole 3,

0.167 g (75.5 %) after recrystallization from chloroform, mp 193 °C."*
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'H-NMR (300MHz, acetone-dg): 6.14 (B, dd J=6,2 Hz, 2H), 6.47 (C, m, 2H), 6.61 (F, s, 1H), 6.84 (A, m,
2H), 10.4 (G, bs, 2H), 12.03 (H, bs, 1H). *C-NMR (300MHz, acetone-dg): 97.01 (F), 106.85 (C), 109.58
(B), 119.49 (A)127.78 (D), 143.12 (E). HRMS calcd. For C;1H;oN,; [M'] 198.0905; found 198.0904.
1,3,3-Tri-(1H-pyrrol-2-yl)prop-2-en-1-one (4) (from 2 by recrystallization): Crude 1,3-di-(1H-pyrrol-
2-yl)propane-1,3-dione (2) (0.050 g, 0.247 mmol devoid of pyrrole and of 4 according to "H-NMR, TLC
and ESI-MS) was dissolved in a minimal amount of refluxing CH,Cl,, two drops of hexane were added
and the reaction mixture left at rt for an additional 2h. Then the mixture was kept cooled to -20 °C for 5
months and yellow crystals of pure 1,3,3-tri-(1H-pyrrol-2-yl)prop-2-en-1-one 4 (25.3 mg, 81.4 %), mp
169 °C were collected. '"H-NMR (600MHz, DMSO-ds): 6.20 (K, m, 1H), 6.25 (B, m, 1H), 6.28 (P, M, 1H),
6.49 (J, m, 1H),6.60 (O, m, 1H), 6.68 (G, s, 1H), 7.01 (L, m, 1H), 7.12 (A, m, 1H), 7.19 (Q, m, 1H), 7.21
(C, m, 1H), 11.54 (M, bs, 1H), 11.79 (E, bs, 1H), 13.5 (R, bs, 1H). C-NMR (600MHz, DMSO-ds):
109.11(K), 110.01 (B), 110.05 (P), 110.64 (G), 113.51 (J), 115.91 (C), 116.81(0), 121.32 (L), 122.11 (Q),
125.43 (A), 129.07 (N), 131.14 (I), 134.14 (D), 138.15 (H), 178.03 (F).

'H-NMR (600MHz, acetone-ds and MeOD): 6.25 (P, M, 1H), 6.27 (B, m, 1H), 6.29 (K, m, 1H), 6.60 (O,
m, 1H), 6.70 (J, m, 1H), 6.76 (G, s, 1H), 7.01 (Q, m, 1H), 7.14 (A, m, 1H), 7.14 (C, m, 1H), 7.17 (L, m,
1H), 10.67 (R, bs, 1H), 10.87 (E, bs, 1H). >C-NMR (600MHz, acetone-ds and MeOD): 110.01 (P),
111.07 (B), 111.13 (K), 111.61 (G), 113.73 (O), 116.14 (C), 118.54 (J), 121.37 (Q), 123.06 (L), 125.72
(A), 129.07 (N), 133.05 (I), 135.38 (D), 140.09 (H), 179.37 (F). UV/Vis (MeOH) Amax (€)=437.5 nm
(28,500). IR (CH2Cly): 3390 (st, b), 3290 (s, b), 1642 (w), 1590 (s), 1501 (s), 1445 (st), 1388 (st), 1323
(W), 1100 (st), 1043 (st), 948 (w), 881 (w), 810 (w), 735 (st) cm™. HRMS calcd. For C;5sH4N;0; [MH"]
252.1137; found 252.1120.

1,3,3-Tri-(1H-pyrrol-2-yl)prop-2-en-1-one (4) (from 2 by chromatography): Crude 1,3-di-(1H-pyrrol-
2-yl)propane-1,3-dione (2) (0.59 g, 2.94 mmol (in which pyrrole and 1,3,3-tri(1H-pyrrol-2-yl)prop-2-en-
1-one were absent according to TLC) was dissolved in a minimal amount of (CH,Cl, / MeOH = 97:3), a

small amount of SiO, was introduced and the mixture was evaporated to dryness and placed under high
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vacuum for 15 min. The above SiO, mixture was placed on top of a SiO, column and was
chromatographed eluting once with hexane and then with (CH,Cl,/MeOH = 97:3) to yield pure 1,3,3-
tri(1H-pyrrol-2-yl)prop-2-en-1-one 4 as the only product 71 % yield (0.2613 g). 'H-NMR, *C-NMR,
UV/Vis (MeOH), IR (CH,Cl,) and HRMS were identical to the spectra of 4 described above.

HRMS. Isotopic effect of an unstable trimagnesium derivative 5:

12C: 36=36 1H: 0-1000 14N: 8-8 24Mg: 0-3 25Mg: 0-3 26Mg: 0-3

EF-154+Ma CRUDE SOLID INS DCl+ iBu M-Juk2007  1612:12 Autospec
ERAM 29 29 (1.439) Magnat Cl+
s 637,143 6.96e3
B3B.147535,141
] i
8] : 640,142
[ | 641.140
] B42.139
| 630.120631.12232 134 633 143634.127 635.143636 128 | £43.122644.128645,126 545 528
—T — T | - i UL B B e e e e v —_— - —— “miz
6530.0 632.0 SELD 636.0 ﬁ3hﬂ B40.0 I E4i0 I 54;& I Edaﬂ
Minimum: A5.0D -1.h5
Maximum: 100,00 2.5 10.0 50.0
Mans RA Calc. Mass mia EFPM DBE i=FIT Formula
63?.}426 100.00 637.1441 =-1.5% -2.4 3.5 18.2 12036 1H21 14W8 24Mg3
638.1472 A0.23 630,1448 2.4 3.8 30.5 678 12C36 1HZ1 14HE 24Mg2
; 25Mg
839,1414 T9.16 639.141¢ =0.2 -0.3 Zii, 5B.2 12036 1H2Z1 14NE Z24mMg2
. 2EMyg
c40.1416 46.00 6d0.1424 =0.8 -1.2 30.5 34.0 12C3e 1HZ1 14N 24Mg
25Mg  26Mg

The HRMS isotopic distribution pattern for trimagnesium derivative 5 fits quite well with the calculated

data as shown below:

m/z  calc.(%) exp. (%) m/z  calc.(%) exp. (%)
637 100 100 640 36.0 45.9
638 81.2 80.2 641  16.0 22.8
639 722 79.1 642 5.2 9.6
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