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Abstract—Functionalization of meso-positions of dipyrromethanes, gives valuable intermediates through a highly regioselective

lithiation—substitution sequence.
© 2006 Elsevier Ltd. All rights reserved.

Dipyrromethanes are important intermediates for the
preparation of synthetic porphyrins' and related
compounds (dipyrrins, calix[n]pyrroles, chlorins, cor-
roles). Unlike naturally occurring porphyrins, which
are substituted at the B-positions and unsubstituted at
the meso-positions (5-positions), synthetic porphyrins
are invariably substituted at the meso-positions and lack
substituents at the B-position. Dipyrromethanes are also
frequently used as precursors to dipyrromethenes, which
are important ligands in the design of macromolecular
structures. Difluoroboron complexes of dipyrrometh-
enes, (BODIPY) derivatives are used as fluorescent dyes
for biological samples.? Access® to such building blocks
has thus far relied mainly on one-pot condensations of
pyrrole and the desired aldehydes in acidified solvents:
BF;-OEt,/CH,Cl,, acetic acid/DMF or THF, SnCl,/
CH,Cl,, p-toluenesulfonic acid/MeOH or toluene, or
aqueous HCI/THF. In most of these syntheses a large
pyrrole:aldehyde ratio (up to 400:1) is employed to drive
the reaction to completion and to supress reactions lead-
ing to unwanted linear/cyclic oligomers. Further, the
nonavailability of many functionalized aldehydes, the
failure of aliphatic aldehydes to react and their propen-
sity to show side reactions limit the scope of this route.
The indirect synthesis through the use of perhydro
1,3-heterocycles,* was also attended by the formation
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of tripyrranes. Thus a direct route to meso-substituted
dipyrromethanes is still required.

In this letter, we report our studies concerning the devel-
opment of an approach to synthesize meso-substituted
dipyrromethanes, which allows us, inter alia, to append
a variety of substituents and is free of all of the limita-
tions cited above. We capitalized on the successful and
unprecedented generation of a carbanion (n-BuLi/
THF, —20 °C) at the meso-position of a 5-unsubstituted
dipyrromethane, and its reaction with a number of elec-
trophiles.> The approach is single-pot and allows the
introduction of a variety of substituents exclusively at
the meso-position to furnish dipyrromethanes 2. Fur-
ther, no evidence of a-lithiation was observed under
these reaction conditions.

5-Unsubstituted dipyrromethane 1a was synthesized in a
high yield, following the procedure reported* by us ear-
lier. We initially examined the metallation of N,N’-di-
methyldipyrromethane 1a with 1.0-3.0 equiv of #-BuLi
(=20 °C) and subsequent normal and inverse quench-
ing with methanol-d; (Scheme 1) to determine the
optimal conditions for metallation at the meso-position.
Employing 3.0 equiv of the base, a deep red colored an-
ion could be seen; a lower ratio of the base did not yield
a persistent colored anion. Using 3.0 equiv of n-BulLi,
for 1.0 equiv of 1a, deuterium distribution (%-d; incor-
poration and location) in the resultant product was ana-
lyzed by a high field '"H NMR analysis. However, no
deuterium incorporation was observed at the meso-posi-
tion as indicated by the exclusive isolation of 1a (entry 1,
Table 1); neither was deuterium incorporation observed
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2aR'=Me, R?=D

2b R'= Me, R%2 = Me

2¢ R' = Me, R? = Et

2d R' = Me, R = n-Pr

2e R'=Me, R? = n-Bu

2f R' = Me, R>=Bn

2g R" = Me, R2 = (Me),C(OH)

2h R' = Me, R? = 4-CI-CgH,C(OH)H
2i R' = Me, R = 4-OH-C4H,C(OH)H
2j R" = Me, R = 3-OH-C4H,C(OH)H
2k R' = Me, R? = 3,4-(MeO),-C¢H;C(OH)H
21 R" = Me, R% = PhCH,(OH)(Me)CH

Scheme 1. Synthesis of meso-substituted dipyrromethanes. Reagents
and conditions: (i) n-BuLi (3 equiv), THF, —20 °C; (ii) electrophile
(2 equiv); (iii) NH4Cl quenching.

Table 1. Synthesis of meso-substituted dipyrromethanes 2

Entry Electrophile Product® 2 Yield® (%)
1 CD;0D 2a 0
2 Mest4 2b 32
3 EtBr 2c 61
4 n-PrBr 2d 55
5 n-BuBr 2e 38
6 BnCl 2f 51
7 MeCOMe 2g 54
8 4-Cl-CcH4CHO 2h 30
9 4-HO-C¢H,CHO 2i 25

10 3-HO-C¢H,CHO 2j 31

11 3,4-(MeO),-C¢H;CHO 2k 55

12 PhCH,COMe 21 50

13 Mel 2e 68

14 ICl 2e 30

15 BrCH,COOEt 2e 55

16 CH,=CHCH,Br 2e 35

#Compound 3 was formed in all entries in about 20% yield.
®Isolated purified (column chromatography: silica gel: 60-120 mesh,
ethyl acetate/hexane mixtures as eluent) yields.

on the pyrrole C-rim.® We believe that the rapid deute-
rium exchange of dy-methanol with excess n-BuLi pres-
ent, meant that it was not available for quenching the
meso-anionic species. This interpretation is supported
by the quantitative trapping of the meso-anionic species
with a number of other electrophiles (Table 1).

Typically, treatment of dipyrromethane la with 3.0
equiv’ of freshly prepared n-BuLi (1.6 N in hexanes) in
THF at —20 °C, under a blanket of dry nitrogen gas,
followed by stirring to reach room temperature yielded
a red colored solution. After 0.3 h at room temperature,
the reaction mixture was cooled to —20 °C and 2.0 equiv
of ethyl bromide was added, and the reaction mixture
was allowed to warm to room temperature then
quenched with saturated aqueous NH4CI solution to

obtain the meso-substituted product 2c¢ after chromato-
graphic purification.

The synthesis of various meso-substituted dipyrro-
methanes 2 is summarized in Scheme 1. The reaction
proceeded smoothly with a range of electrophiles such
as alkyl halides, aralkyl halides, aldehydes, and ketones.
The formation of 2b-1 (Table 1) was attended by the for-
mation of dipyrromethane dimer 3, which could arise
from a metal-halogen interchange!'? reaction of the ini-
tially formed meso-anionic species of 1a and the lithium
halide present in n-BuLi. However, the isolated yield of
2b-1 was strongly dependent on the specific conditions
employed, in addition to the amount of the base used
for deprotonation. For example, allowing the reaction
to warm to —10 °C from —20 °C, after the initial addi-
tion of n-BuLi, enhanced the yield of dimer 3. The for-
mation of dimer 3 is interesting as it could serve as an
intermediate for the synthesis of meso-linked porphyri-
noids.!" It was also formed when metallated 1a was
quenched with saturated NH4Cl, without adding an
electrophile. Further, the reactions of the anion of 1a
with electrophiles such as methyl iodide, iodine mono-
chloride, ethyl bromoacetate, and allyl bromide, fur-
nished 3 along with 2e, presumably through metal—
halogen exchange followed by nucleophilic substitution
with n-BuLi.

All compounds were fully characterized by NMR ('H
and '3C) spectroscopy, mass spectrometry, and micro-
analytical analysis and in the case of 3, single crystal
X-ray diffraction analysis'? (Fig. 1).

Similar reactions were attempted with 1b, but meso-
metalation could not be achieved, presumably due to
the presence of the much more acidic pyrrolic N-hydro-
gens. Thus, to convert dipyrromethane 1b into 1e¢, potas-
sium tert-butoxide could be employed as a base.

The reaction of 1¢ with n-BuLi under similar conditions
did not furnish the desired meso-substituted dipyrro-
methanes, but instead, benzylic substitution was observed.

Figure 1. X-ray crystal structure of 3 showing a stereoview of the
molecule and the labeling scheme used in the structure analysis.
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Thus, treatment of 1c¢ with n-Buli, using less than
3.0 equiv, gave no anion formation, but when 3.0 equiv
were added, a colored anionic species was formed, which
upon quenching with ethyl bromide (2.0 equiv)
furnished diethyl derivative 2,2-bis-[1-(1-phenylpropyl)-
1 H-pyrroljmethane (see Supplementary data), substi-
tuted at the benzylic carbons, in a quantitative yield.'?
In none of these reactions was formation of a product
corresponding to 3, that is, dimeric dipyrromethane,
observed.

In summary, we have shown that the meso-position of
the N-methyldipyrromethanes can be elaborated using
a metallation—substitution sequence. The methodology
is simple and furnishes the products in good to high
yields. The fact that the dipyrromethanes come ‘prefunc-
tionalized’ at the meso-position, means that they could
be used as precursors of meso-porphyrins, calix[4]pyr-
roles'* and related systems for a range of applications.
Work is in progress to develop similar reactions of N-
unsubstituted dipyrromethanes through protection with
groups other than alkyl.
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Experimental procedures and spectral data for all com-
pounds are given in the Supplementary data. Supple-
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10.

11.
12.

References and notes

. Kadish, K. M.; Smith, K. M.; Guilard, R. In The

Porphyrin Handbook. Vol. 1: Synthesis and organic chem-
istry and Vol 2: Heteroporphyrins, expanded porphyrins
and related macrocycles; Academic Press: New York, 2000,
and references cited therein.

. Zeng, L.; Miller, E. W_; Pralle, A.; Isacoff, E. Y.; Chang,

C.J. J. Am. Chem. Soc. 2006, 128, 10-11.

. Burrell, A.; Officer, D. L.; Plieger, P. G.; Reid, D. C. W.

Chem. Rev. 2001, 101, 2751-2796.

. Singh, K.; Behal, S.; Hundal, M. S. Tetrahedron 2005, 61,

6614-6622.

. Lithiation reactions of meso-octamethylcalix[4]pyrrole®

and porphyrins’ are known.

. Anzenbacher, P.; Jursikova, K.; Shriver, J. A.; Miyaji, H.;

Lynch, V. M.; Sessler, J. L.; Gale, P. A. J. Org. Chem.
2000, 65, 7641-7645.

. Senge, M. O. Acc. Chem. Res. 2005, 38, 733-743, and

references cited therein.

. Thermal instability of o-lithiated pyrroles above ca.

—45°C, has been reported. See Hasan, I.; Marinelli, E.
R.; Lin, L.-C. C.; Fowler, F. W.; Levy, A. B. J. Org.
Chem. 1981, 46, 157-164.

. Using 1.0 or 2.0 equiv of n-BuLi, the yield of the final

dipyrromethane was much lower (2¢: 10%, 1.0 equiv and
32%, 2.0 equiv). Significant amounts of the starting
dipyrromethane 1a were also isolated.

Bailey, W. F.; Patricia, J. J. J. Organomet. Chem. 1988,
352, 1-46.

Aratani, N.; Osuka, A. Org. Lett. 2001, 3, 4213-4216.
Crystal data: CyHpeNy, M =346.47, monoclinic space
group P21/c, D.1.204 Mgm >, Z =4, a = 8.6355(17), b =
8.6555(19), ¢ = 12.987(3) A, VV = 955.8(4) A*, T = 150(2) K,
final R; =0.0475, wR, =0.1196, GOF =1.080. CCDC
606755.

. Even by employing sec-BuLi (3.0 or 6.0 equiv), followed

by quenching with ethyl bromide, meso-substitution was
not observed. After the addition of approx. 3.0 equiv of
the base the color of the reaction turned red, which
subsequently turned green, quenching of which yielded a
product mixture indicative of benzylic substitution.

. Gale, P. A.; Anzenbacher, P., Jr.; Sessler, J. L. Coord.

Chem. Rev. 2001, 222, 57-102.


http://dx.doi.org/10.1016/j.tetlet.2006.11.056

	An unprecedented regioselective lithiation of dipyrromethanes. Synthesis of meso-functionalized dipyrromethanes
	Acknowledgments
	Supplementary data
	References and notes


