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A variety of dipyrromethanes and dipyrromethenes have been prepared, an#NhRiIMR chemical

shifts have been measured by two-dimensional correlatidhl tfNMR signals. The nitrogen atoms in

five examples of dipyrromethanes consistently exhibit chemical shifts aret®81 ppm, relative to
nitromethane. Seven examples of hydrobromide salts of meso-unsubstituted dipyrromethenes consistently
display >N chemical shifts around-210 ppm, while their corresponding zinc(Il) complexes exhibit
chemical shifts arounet170 ppm. The presence of electron-withdrawing substituents on one of the pyrrolic
rings of dipyrromethenes affects the chemical shifts of both of the nitrogen nuclei in the molecule. Boron
difluoride complexes of meso-unsubstituted dipyrromethenes didgpéaghemical shifts around-190

ppm. Two examples of free-base dipyrromethenes bearing substituents at the meso-positiof°kixhibit
chemical shifts at approximately156 ppm, and for the zinc complexes of these compoundslé&p

ppm. One-bond nitrogerhydrogen coupling constants, when measurable, were consistently in the range
of —96 Hz. Since the measuréeN chemical shifts have such a high regularity correlated to structure,
they can be used as diagnostic indications for identifying the structure of dipyrrolic compounds.

Introduction tetrapyrrolic dipyrrinone, but, to the best of our knowledge, there

are no reports of nitrogen NMR data for dipyrrolic compounds

Research that has been conducted into nitrogen NMR of sych as dipyrromethanes (Figure 1) and only one spectrum for
pyrrole derivatives has focused upon tHdl and "N NMR a dipyrromethene compoufidipyrromethanes are frequently
spectra of pyrroles, polypyrroles, and cyclic tetrapyrroles such synthesized as precursors to porphyrins and dipyrromettienes,
as porphyrins and corrinoids. There have been two reports of  which are both important ligands in the design of macromo-
investigations of thé>N NMR spectrum of bilirubirf a linear lecular structure$8 Boron difluoride complexes of dipyrro-

methenes, known as BODIPY dyes, have found importance as

t Dalhousie University. fluorescent dyes for biological sampie¥.
*McMaster University.
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\ > J N TABLE 1. Data for 15N Chemical Shifts, Relative to Nitromethane,
m HN | | N4 and YJny for Dipyrromethane Compounds 1-6, Obtained from

Solutions in CDCl3

2,2'-dipyrromethane 3,3-dipyrromethane Structure & 5N (ppm) 1 J(ISNIH) (Hz)

X7 X\

\NH  N< -231.8 -96

dipyrromethene

FIGURE 1. General structures of dipyrromethanes and dipyrro- \_ /
methenes. Q % N\ °
1 2314 97

The acquisition oSN NMR data suffers from a low natural 2
abundance (0.365%) and a low magnetogyric ratio, resulting
in low sensitivity?2 The use of natural abundanégN NMR
experiments has recently become routine as a result of advances
in inverse detection techniques such as heteronuclear multiple \_NH HN~/
bond correlation (HMBC) and heteronuclear single quantum
coherence (HSQC) spectroscopy, alleviating the reliance upon
costly isotopically enriched samples and insensitive nuclei 3
enhanced by polarization transfer (INEPT) experiments. Fur-
thermore, improvements in probe design and electronics, in
addition to the remarkable stability of modern NMR spectrom-
eters, have greatly reduced losses due to poor pulse calibrations
in the sensitivity-improved pulsed field gradient selective HSQC
experimentdl12The research presented here describe’$dn 4
NMR study of a series of dipyrrolic molecules to demonstrate
the usefulness of these easy and practical NMR experiments in
the characterization of dipyrrolic compounds.

-226.8 -97

-232.1 -94

-232.2

-73.3
Results and Discussion

In this study, non-decouple®N HSQC experiments were Br Br
used to obtaif®N NMR chemical shift data. Each experiment NN
had an acquisition time of approximatel h for samples that N /N
had a concentration of about 0.2 M, thus making these PS5 8 -194.1 n/a
experiments suitable as a spectroscopic probe for routine analysis é
of reaction mixtures and crude products. A series of dipyrrolic
compounds were prepared for comparison of théirchemical 6
shifts. Table 1 presents the structures &NMNMR data for a
series of dipyrromethane$;-5. Comparison ofl and2 shows
that there is little difference id(**N) between 2,2 and 3,3
dipyrromethanes. The two compounds exhibit chemical shifts
nearly identical to that of pyrrole, which exhibits a resonance
at —231.4 ppmt As well, the one-bond nitrogerhydrogen
coupling constantsJ(*>NH), are highly uniform around-96
Hz, similar again to that of pyrrole at+96.5 Hz! The
replacement of the ethyl substituents in with bromine
substituents results in a deshielding change for'theNMR
signal as seen for compourdd The presence of a substituent
in the meso-position of the dipyrromethane, such as the phenyl
and pyridyl rings in4 and 5, respectively, appear to have a
similar effect upon the chemical shift of tAeN nuclei as the
ester functional groups it and2. The chemical shift of the

nitrogen atom in the pyridine ring of compouBdvas measured
and found to be-73.3 ppm, which is similar to previously
reported data for pyridine derivativéS he consistency of the
chemical shifts makes it certain that a generalization of
O(*>N) ~ —230 ppm can be made for most dipyrromethanes.
Tin complexes of dipyrromethanes have found use in the
preparation of 1,9-diacyldipyrromethan&sThe complexation
of tin(IV), as in tin-bound dipyrromethané, results in a
significant change in(**N), shifting 32.7 ppm less shielded
relative to the uncomplexed ligand, dipyrrometheheThis
result is not comparable to the only reported values for tin(1V)
complexes of pyrrolic moleculésas the oxygen atoms of the
ester functional groups @ are involved in bonding interactions
with the tin center, creating a hexacoordinate tin environrtent.
It has been observed that complexatiom\Gil'-(dipyrrolyl-a-
methyl)N-methylamines with titanium(IV), zirconium(lV), and

(9) Haugland, R. PHandbook of Fluorescent Probes and Research
Chemicals 9th ed.; Molecular Probes Inc.: Eugene, OR, 2002.
(10) Gabe, Y.; Urano, Y.; Kikuchi, K.; Kojima, H.; Nagano, J. Am.
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10663-10665. (14) Wrackmeyer, BJ. Organomet. Chenl985 297, 265-272.
(12) Kontaxis, G.; Stonehouse, J.; Laue, E. D.; Keelel, Magn. Reson. (15) Kitamura, C.; Yamashita, Y. Chem. Soc., Perkin Trans.1997,
A 1994 111, 70-76. 1443-1447.
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TABLE 2. Data for N Chemical Shifts, Relative to Nitromethane,
and YJny for Dipyrromethene Compounds 7-15, Obtained from
Solutions in CDClg

1 1 g1 1
Structure 3N "(sNH)
(ppm) (Hz)
S0 0
\\W 2137 95
HBr
7
o]
W 2078 | 95
T o—
NH N=,
o 2100 95
8
[o]
2107 96
\\ A o—
NH N=
o 2136 95
9
[o]
2115 96
\\ S 0/
NH N=
oo 2123 95
10
2116 95
2120 95
S S \
T 2027 94
HBr 4 ‘L@ 246 | -97
12
Ok 2109 | -96
NNH N=( cFs
Her 2123 95
13
G”E‘ﬁ 1562 | n/a
\ NH N=
14
N\
L -156.1
n/a
Y -68.0
NH N
15

halfnium(IV) resulted in deshielded shifting of th#\ chemical
shift16 The ligand displayed a chemical shift ef234 ppm,
typical for a pyrrole, which changed te84, —128, and—131
ppm, respectively, upon formation of the three compléges.
As seen in Table 2, compounds-15 represent molecules
with dipyrromethene structure. In the absence of a meso-

substituent, these compounds are best synthesized and storegjl

as their salt with hydrobromic acid.As seen from the data
listed in Table 2, the!>N chemical shift of dipyrromethene
hydrobromide salts can be highly generalized@aN) ~ —210
ppm. One signal is observed for the two nitrogen atomg in
because they are identical upon considering resonance. This i
supported by the lack of distinction in tAel NMR spectrum

(see Experimental Section) between the hydrogens on substit

(16) Li, Y.; Turnas, A.; Ciszewski, J. T.; Odom, A. lnorg. Chem.
2002 41, 6298-6306.

(17) Jones, R. A.; Bean, G. Fthe Chemistry of PyrrolesOrganic
Chemistry, Vol. 34; Academic Press: London, 1977.
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uents of the pyrrole ring containing the formally cationic
nitrogen atom and the ring containing the neutral pyrrole-like
nitrogen atom of this compound. The symmetry of protonated
dipyrromethenes is further supported by X-ray photoelectron
spectroscopy experimerisThe only known previously reported
dipyrromethene!>N chemical shift is for 3,34,4,5,3-hexa-
methyldipyrromethenelt was found that the protonated dipyr-
romethene exhibited a(**N) of —209.2 ppm in deuterated
chloroform? which corresponds well with the results reported
here for protonated dipyrromethenes.

It is apparent that the values 6{°N) for the two nitrogen
atoms in asymmetric dipyrromethene hydrobromide salts, such
as 8—13, are dependent not only upon the structure of the
pyrrole ring in which they are contained, but also upon the
structure of the pyrrole ring with which it is in conjugation.
This is best illustrated by the structurally related series of
compounds$—10. Not one constant chemical shift is observed
between the three compounds for the nitrogen atom contained
within the unvarying ring that bears a methyl propanoate
substituent. Therefore, the substituents of the variable ring can
be seen to influence not only the chemical shift of the nitrogen
atom within that ring, but also that of the adjacent ring. Covalent
attachment of two dipyrromethene hydrobromide salt systems,
as in bis(dipyrromethene)l, appears to have no effect upon
O(**N). The presence of a strong electron-withdrawing group
attached to the carbon adjacent to the nitrogen atom in a
dipyrromethene hydrobromide salt, such as for benzyl ester-
functionalized compound?2, has the effect of increasing the
chemical shift of one nitrogen atom, while decreasing that of
the other from the typical chemical shift 2210 ppm. Through
the use of nuclear Overhauser effect (nOe) experiments, the
nitrogen chemical shifts were assigned (Supporting Information).
The chemical shift of the nitrogen atom in the ester-substituted
ring was found to be-224.6 ppm, and that of the nitrogen atom
in the trialkylated ring was found to be-202.7 ppm. The
presence of a strong electron-withdrawing group attached to the
carbong to the nitrogen atom, as for trifluoroethanol-function-
alized13, does not appear to result in any significant deviation
from the typical chemical shift for dipyrromethene hydrobromide
salts. Therefore, it appears that electron-withdrawing substituents
in the 5-position affect the nitrogen chemical shift to a greater
extent than those in the 3- and 4-positions. As well, the one-
bond nitroger-hydrogen coupling constants were measured to
be —94 Hz for the more deshielded nitrogen an@7 Hz for
the more shielded. These results reveal deviations from the
1J(**>N'H) values for compound§—11 and 13, which are
consistently around-95 or —96 Hz.

The protonation shift for 3,3,4,5,5-hexamethyldipyr-
romethene has been reported as 47.2 ppm shiedifige
differences in chemical shifts between the two nitrogen atoms
in non-symmetrical dipyrromethen8s-13 are not sufficiently
rge to represent protonation shifts. Therefore, in a manner
similar to the symmetrization of dipyrromethenby resonance,
the 15N NMR spectra for compound8—13 also exhibit the
nitrogen atoms of these molecules as existing in an electronic
environment that is between formally cationic and neutral, and

She differences if®N NMR chemical shift likely arise merely

from differences in ring substitution patterns.
Compoundd 4 and15 present examples of meso-substituted
dipyrromethenes that are stable in their free-base forms. The

(18) Falk, H.The Chemistry of Linear Oligopyrroles and Bile Pigments
Springer-Verlag: New York, 1989.
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TABLE 3. Data for 3N Chemical Shifts, Relative to Nitromethane, for Zinc(ll) Dipyrromethene Complexes 16-24, Obtained from Solutions

in CDC|3

15 15
Structure 3°N Structure 3°N
(ppm) (ppm)
= AN
\_N N=
\ -152.8
/an‘ -169.5
ST -174.9
N\ \\
16
OH
I N\
YN N=( o
\/ 166.6
-167.5 /Zn -106.
<N W R -1702
N\ A
OH
22
-166.3
-171.1 -162.2
-165 -162.5
-172 -69.0
RS N\ _
\/ \ 4 o -167.5
o St -170.5
N\ A A ~
20

chemical shift of these compounds,156 ppm, is drastically

different from those of theneseH dipyrromethene hydrobro-

mides7—13 but, more importantly, very similar to tHéN NMR

chemical shift of the free-base of 3484,5,5-hexamethyl-
dipyrromethene, which was reported to bel62.0 ppm in
deuterated chlorofor.This change in'>N chemical shift
compared to compounds-13is likely due to the protonation

of the imine-type nitrogen atom in the dipyrromethene hydro-
bromides. The protonation shift for the structurally related

compound tetraphenylporphyrin is 55 ppm shieldifiylaking
the reasonable assumption that the protonation shift for dipyr- nitrogen atoms through resonance. X-ray photoelectron spec-
romethenes is approximately equal to that of porphyrins, the troscopy experiments show that free-base dipyrromethenes

(19) Gust, D.; Roberts, J. D. Am. Chem. Sod.977, 99, 36373640.

chemical shifts of the hydrobromide salts of the meso-aromatic
dipyrromethenes would be in the same range as the hydrobro-
mide salts of theneseH dipyrromethenes. The chemical shift
of the pyridyl-nitrogen in compount was measured and found
to be 5.3 ppm more deshielded than the corresponding atom in
the related dipyrromethan,

Only one signal is observed in tHeN NMR spectrum for
the two nitrogen atoms in each of compouridsand 15. The
protonated meseH dipyrromethene7 gives NMR spectra
indicative of a symmetrical system due to equivalence of the

appear symmetrical due to a rapid tautomerization involving
the exchange of a hydrogen atom between the two nitrogen

J. Org. ChemVol. 71, No. 8, 2006 2967
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atoms!® The coalescence temperature for the similar tautomer-

Wood et al.

TABLE 4. Data for 15N Chemical Shifts, Relative to Nitromethane,

ization in tetraphenylporphyrin free base has been measuredfor Boron Difluoride Dipyrromethene Complexes 25 and 26,

using >N NMR to be approximately 288 K2

The!™N chemical shift of zinc(Il) dipyrromethene complexes
16—22 (Table 3) can be generalized as—170 ppm. As
observed for the protonatedeseH dipyrromethenes8—13,
zinc(ll) complexes of symmetrical dipyrromethenes exhibit only
one ™N NMR signal for the two nitrogen atoms in each
dipyrromethene molecule. As well, the values)¢fN) for the
two nitrogen atoms in zinc(ll) complexes of non-symmetrical
dipyrromethenes are very similar and likely represent a value
between a formally anionic nitrogen and a neutral imine-like
nitrogen. Studies involving the X-ray photoelectron spectrum
of a zinc(Il) complex of a symmetrical dipyrromethene show
that the equivalence seen #iN NMR spectra arise from
symmetry in the molecule due to resonate.

The corresponding zinc(ll) complexes of several of the
previously mentioned dipyrromethenes were prepared, and
comparison of their zinc(ll) complexation shifts shows a
consistent, 44.2 ppm deshielding fromto 16, 43.4 ppm
(average) deshielding froml to 19, 49.8 ppm (average) from
12to 21, and 43.2 ppm (average) deshielding fra®ito 22.

As seen for the related compouri®, the two nitrogen atoms

of 21 exhibit 5(*°N) values above and below the average

chemical shift for the class of compounds. Using nOe experi-

ments (Supporting Information), we assigned the nitrogen atom

in the ester-substituted ring #(*°N) of —174.9 ppm and the

nitrogen atom of the trialkyl ring te-152.8 ppm. These data

are consistent with th®N chemical shifts observed fa2, with

the nitrogen of the trialkylated ring being more deshielded.
The meso-substituted dipyrromethenes exhibit a shift of

Obtained from Solutions in CDCl3

Structure 8 5N (ppm)

\ \\Yx/s /
YN oN=
/o
B
/-

F F
25

-194.6

S
|

-192.1

shift determination to the characterization of dipyrrolic deriva-
tives enables a more definitive structural confirmation for those
compounds whoséH and 3C NMR spectra are ambiguous.
For example, théH and*3C NMR spectra for dipyrromethene
free bases and dipyrromethene metal complexes appear similar,
whereas>N NMR reveals the dramatic change in the electronic
environment about the nitrogen atoms that occurs as a result of
the reaction. The systematic interpretation of substituent effects
upond(*®N) is still not straightforward#221t has been shown
previously that a correlation betwee¥(*®N) and electron-
withdrawing strength of substituents on pyrrole nitrogen atoms
does not exist due to the strong anisotropic influetfidewas
found that the paramagnetic shift contribution, which is affected

approximately 6 ppm shielding upon zinc(Il) complexation. The by the_ hybridization of the _nitrogen atom, is the most significant
zinc(ll) complexes of dipyrromethenes can therefore be ap- term in *N chemical shift¥? Consequently, the electron-
proximated to chemical shifts more deshielded than free-baseWithdrawing strength of substituents on the rings of the
dipyrromethenes, but more shielded than dipyrromethene hy-dipyrrolic molecules studied here cannot be used to préthct
drobromide salts. The chemical shift of the nitrogen atom in chemical shifts, and vice versa, without conducting computa-
the pyridine ring of24 did not change significantly upon tional studies of the molecules. Hovv_ever, comparison of the
complexation of the zinc(1l) ion by the dipyrromethene nitrogens data between the different classes of dipyrrolic molecules reveals
in the same molecule. This supports the discrete 2:1 dipyr- @ pattern fod(**N) that may be used to probe the character of
romethene/zinc(ll) structure proposed for this compound in the pyrrolic nitrogen atom and determine the presence of
solution rather than the coordination polymer structure that has Pyrroles, dipyrromethanes, dipyrromethenes, and their com-

also been observed for metal complexes of this & The
zinc(Il) complexation shift for the meso-substituted dipyr-

plexes. A summary of thé®N NMR chemical shift data for
compoundd—26 and a comparison to previously reported data

romethenes presented here is similar in magnitude, but oppositdOr pyrrole are presented in Figure 2. The outlying values for

in sign of the zinc(ll) complexation shift measured for free-
base tetraphenylporphyrifi. Two boron difluoride dipyr-
romethene complexe®5 and26, exhibited>N chemical shifts
around—193 ppm (Table 4). Complexation of dipyrromethene
hydrobromide salts by both boron difluoride and zinc(ll) results
in a deshielding of thé®N nuclei as seen by comparison of the
related structures, 16, and25. The change is greater for zinc-
(I) complexation than for boron difluoride complexation.

the meso-unsubstituted dipyrromethene hydrobromide salts and
the meso-unsubstituted dipyrromethene zinc(ll) complexes arise
from compoundsl2 and 21, respectively. Figure 2 illustrates
the characteristid®N NMR chemical shift values that were
found for the series of dipyrrolic molecules studied. It can be
seen that these values are diagnostic for the structure of the
dipyrrolic compound.

Similar to previous dipyrromethene compounds, these moleculesExperimental Section

exhibit only one signal in theif®N NMR spectra for two
nitrogen atoms.
Conclusion

With modern NMR spectrometers, natural abundatfbe
experiments are routine. The addition '8N NMR chemical

(20) Halper, S. R.; Cohen, S. Mingew. Chem., Int. EQ004 43, 2385~
2388.

(21) Sutton, J. M.; Rogerson, E.; Wilson, C. J.; Sparke, A. E.; Archibald,
S. J.; Boyle, R. WChem. Commur2004 1328-1329.
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Materials and General Procedure.Nuclear magnetic resonance
experiments fotH, 11B, 13C, 15N, and!1Sn nuclei were conducted
using a 500 MHz spectrometer using a BBO probe equipped with
z-axis gradients. The shift scales were referenced as outlined in
the IUPAC Recommendations of 20BBINMR experiments fotoF
nuclei were conducted using a 250 MHz spectrometer. The chemical
shifts in1°F NMR spectra are reported using trichlorofluoromethane

(22) Mothana, B.; Ban, F.; Boyd, R. J.; Thompson, A.; Hadden, C. E.
Mol. Phys.2005 103 1113-1129.
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pyrrole’

dipyrromethane

dipyrromethane Sn(lV ) complex

meso-H dipyrromethene-HBr

mesc-H dipyrromethene Zn(ll ) complex

mesc-H dipyrromethene BF, complex

meso-Ar dipyrromethene Zn{ll) complex

mesc-Ar dipyrromethene

0LL-

8(1SN) (ppm )

FIGURE 2. Summary of'>N chemical shifts relative to nitromethane
for molecules with a variety of dipyrrolic structures in comparison to
pyrrole.
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mmol) and dibutyltin dichloride (0.061 g, 0.20 mmol) in dichlo-
romethane (2 mL). After being stirred at room temperature for 6
h, methanol (5 mL) was added and the product was crystallized by
partial removal of solvent using a rotary evaporator without applying
heating. The solution was filtered, and the residue was rinsed with
methanol to give 0.0825 g (53%) of the product as a colorless
crystalline solid: *H NMR (CDCl) 6 7.04 (s, 1H), 4.35 (q, 1H,
J=7.0 Hz), 4.02 (s, 2H), 2.32 (s, 6H), 1.37 (t, 6H= 7.0 Hz),
1.32-1.36 (m, 8H), 1.16-1.22 (m, 4H), 0.75 (t, 3HJ = 7.5 Hz);
13C NMR (CDCk) 6 166.8, 138.6, 128.1, 121.4, 101.8, 61.3, 27.1,
26.1, 24.6, 14.5, 13.5, 12.119Sn NMR (CDC}) 6 —247.1; mp
110-111°C; MS (—ve), m/z 704.9 (97%, M— 1).
4,4-Diethyl-3,3,5,5-tetramethyldipyrromethene Hydrobro-
mide (7). Aqueous hydrobromic acid (48% (w/v)) (0.7 mL, 4.2
mmol) was added to a solution of ethyl 4-ethyl-3,5-dimethylpyrrole-
2-carboxylaté! (1.016 g, 5.2 mmol) in aqueous formic acid (96%
(w/v)) (2.7 mL). After being heated to reflux for 1 h, the mixture
was cooled to room temperature. Further cooling taC4caused
the product to crystallize. The solution was filtered, and the residue
was rinsed with cold methanol to give 0.512 g (58%) of the product
as a red solid:!H NMR (CDCl;) 6 12.87 (br s, 2H), 7.04 (s, 1H),

(0.0 ppm) as an external reference. Melting points are reported 2.65 (s, 6H), 2.42 (q, 4H] = 7.5 Hz), 2.27 (s, 6H), 1.07 (t, 6H
uncorrected. Mass spectrometry was performed using electrospray; — 7.5’Hz)'1,3C NMR ,(CDCb) 5153.7 141.4. 130.5. 126.1 118.7

ionization. Chromatography was performed using-2800 mesh

17.3,14.5,12.8, 10.1; mp 23£218°C (dec); MS {+ve),m'z257.2

ultrapure silica. With the exclusion of solvents, chemicals used in (M + 1 — HB).

the preparations were received from suppliers and used without

further purification.

The following compounds were prepared by established proce-
dures: diethyl 3,3diethyl-4,4-dimethyl-2,2-dipyrromethane-5,5
dicarboxylate 1),%* diethyl 2,2,4,4-tetramethyl-3,3dipyrromethane-
5,5-dicarboxylate 2),2> mesephenyldipyrromethane4},® mese
(4-pyridyl)dipyrromethanes),?8 bis(3-[(R)-1-(methylheptyloxycar-
bonyl)-methyl]-2,2,4,4-tetramethyldipyrromethene) hydrobromide
(11),%” mesephenyldipyrromethenel@),?® zinc(Il) di[bis(3-ethyl-
2,2,4,4-tetramethyldipyrromethene)18),2> zinc(Il) di[bis(3-[(R)-
1-(methylheptyloxycarbonyl)-methyl]-2,2,4-tetramethyldipyr-
romethene)] 19),%” zinc(ll) dimethyl-()tartrate©,0'-(4-ethyl-
2,2,5,5-tetramethyldipyrromethene-4-propanoata))(2° zinc(Il)
di(mesephenyldipyrromethene) 2@),3° and N,N'-difluoroboryl-
3,3,5,5-tetramethyldipyrromethene2).3132

Diethyl 3,3 -Dibromo-4,4'-dimethyl-2,2'-dipyrromethane-5,5-
dicarboxylate (3). The product was prepared following a literature
procedure® IH NMR (CDCl) 6 10.72 (s, 2H), 4.17 (q, 4H] =
7.0 Hz), 4.00 (s, 2H), 2.25 (s, 6H), 1.32 (t, 6H= 7.0 Hz);1C
NMR (CDCly) 6 162.2, 130.9, 126.3, 118.6, 101.4, 61.2, 24.8, 14.4,
12.1.

Diethyl N,N'-(Dibutyl)tin(IV)-3,3 '-dibromo-4,4'-dimethyl-2,2-
dipyrromethane-5,5-dicarboxylate (6). Triethylamine (0.58 mL,
0.42 mmol) was added to a mixture of diethyl '3cBoromo-4,4-
dimethyl-2,2-dipyrromethane-5;E&dicarboxylate 8) (0.100 g, 0.22

(23) Harris, R. K.; Becker, E. D.; Cabral De Menezes, S. M.; Goodfellow,
R.; Granger, PPure Appl. Chem2001, 73, 1795-1818.

(24) Huggins, M. T.; Tipton, A. K.; Chen, Q.; Lightner, D. Monatsh.
Chem.200Q 131, 825-838.

(25) Zhang, Y.; Ma, J. SOrg. Prep. Proced. Int2001, 33, 81—86.

(26) Gryko, D.; Lindsey, J. S]. Org. Chem200Q 65, 2249-2252.

(27) Wood, T. E.; Ross, A. C.; Dalgleish, N. D.; Power, E. D.; Thompson,
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3,5-Dimethyl-4-(methylpropanoate)dipyrromethene Hydro-
bromide (8). Hydrogenolysis of benzyl 3,5-dimethyl-4-(methyl-
propanoate)pyrrole-2-carboxyléte(0.103 g, 0.33 mmol) was
performed using a catalytic amount of 10 mol % palladium on
activated carbon (0.010 g) in tetrahydrofuran (8 mL) and triethyl-
amine (1 drop). After being stirred for 16 h under 1 atm of hydrogen
gas, the mixture was filtered through a plug of Celite to remove
the palladium catalyst. Methanol (1 mL), pyrrole-2-carboxaldehyde
(0.031 g, 0.33 mmol), and aqueous hydrobromic acid (48% (w/v))
(0.17 mL, 1.0 mmol) were added to the filtrate. After being stirred
for 1 h, the mixture was concentrated by partial removal of solvent
using a rotary evaporator and the product was precipitated by the
addition of diethyl ether. The solution was filtered, and the residue
was rinsed with cold methanol to give 0.098 g (90%) of the product
as a red-brown solidiH NMR (CDCls) 6 14.34 (br s, 1H), 14.00
(brs, 1H), 7.72 (s, 1H), 7.21 (s, 1H), 7.11 (s, 1H), 68253 (m,
1H), 3.67 (s, 3H), 2.78 (t, 2H] = 7.5 Hz), 2.73 (s, 3H), 2.50 (t,
2H,J = 7.5 Hz), 2.33 (s, 3H)}3C NMR (CDCk) ¢ 172.6, 161.4,
146.1, 138.5, 132.6, 129.6, 129.4, 127.9, 125.3, 115.0, 52.1, 33.6,
19.4, 13.6, 10.5; mp 148151 °C (dec); MS (ve), m/iz 259.3
(M + 1 — HB).

3,3,4' ,5-Tetramethyl-4-(methylpropanoate)dipyrromethene
Hydrobromide (9). Hydrogenolysis of benzyl 3,5-dimethyl-4-
(methylpropanoate)pyrrole-2-carboxyR#€0.100 g, 0.32 mmol)
was performed using a catalytic amount of 10 mol % palladium
on activated carbon (0.010 g) in tetrahydrofuran (8 mL) and
triethylamine (1 drop). After being stirred for 16 h under 1 atm of
hydrogen gas, the mixture was filtered through a plug of Celite to
remove the palladium catalyst. Methanol (1 mL), 3,4-dimethylpyr-
role-2-carboxaldehydé (0.040 g, 0.32 mmol), and aqueous hy-
drobromic acid (48% (w/v)) (0.17 mL, 1.0 mmol) were added to
the filtrate. After being stirred for 1 h, the mixture was concentrated
by partial removal of solvent using a rotary evaporator and the
product was precipitated by the addition of diethyl ether. The
solution was filtered, and the residue was rinsed with cold methanol
to give 0.086 g (73%) of the product as a brown solitt NMR
(CDCly) 6 13.21 (br s, 1H), 13.10 (br s, 1H), 7.52.53 (m, 1H),
7.16 (s, 1H), 3.67 (s, 3H), 2.782.73 (m, 5H), 2.48 (t, 2H) = 7.5
Hz), 2.33 (s, 3H), 2.27 (s, 3H), 2.06 (s, 3HJC NMR (CDCk) 6
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(35) Johnson, A. W.; Markham, E.; Price, R.; Shaw, K.JB.Chem.
S0c.1958 4254-4257.
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172.8,157.5, 144.3,141.7, 139.8, 128.2, 127.6, 127.1, 124.9, 121 .2 precipitated by the addition of diethyl ether. The solution was

52.1, 33.8, 19.5, 13.4, 10.5, 10.3, 10.2; mp +998°C (dec); MS
(+ve), Mz 287.3 (M+ 1 — HBr).
3,3,5,53-Tetramethyl-4-(methylpropanoate)dipyrromethene
Hydrobromide (10). Hydrogenolysis of benzyl 3,5-dimethyl-4-
(methylpropanoate)pyrrole-2-carboxyR#€0.102 g, 0.32 mmol)
was performed using a catalytic amount of 10 mol % palladium
on activated carbon (0.010 g) in tetrahydrofuran (8 mL) and
triethylamine (1 drop). After being stirred for 16 h under 1 atm of
hydrogen gas, the mixture was filtered through a plug of Celite to
remove the palladium catalyst. Methanol (1 mL), 3,5-dimethylpyr-
role-2-carboxaldehydé (0.040 g, 0.32 mmol), and aqueous hy-
drobromic acid (48% (w/v)) (0.17 mL, 1.0 mmol) were added to
the filtrate. After being stirred for 1 h, the mixture was concentrated
by partial removal of solvent using a rotary evaporator and the
product was precipitated by the addition of diethyl ether. The

filtered to give 0.399 g (57%) of the product as a red softt
NMR (CDCls) 6 12.69 (br s, 1H), 12.52 (br s, 1H), 7.45 (s, 1H),
6.83 (br s, 1H), 5.27 (g, 1H] = 8.0 Hz), 2.60 (s, 3H), 2.58 (s,
3H), 2.42-2.47 (m, 5H), 2.34 (s, 3H), 1.04 (t, 3K,= 8.0 Hz);
13C NMR (CDCh) 6 158.1, 151.7, 145.2, 143.9, 132.6, 128.5, 126.4
(g, = 281 Hz), 126.2, 122.3, 121.9, 65.8 &= 32 Hz), 17.4,
15.0, 14.1, 13.6, 11.1, 10.7F NMR (CDCk) 6 —78.2 (d,J =
7.7 Hz); mp 190°C (dec); MS (ESt), 327.1 (M+ 1 — HBr).
mesoe(4-Pyridyl)dipyrromethene (15). A solution of 2,3-
dichloro-5,6-dicyang-benzoquinone (0.169 g, 0.73 mmol) in
toluene (50 mL) was added dropwise to a solutionntése(4-
pyridyl)dipyrromethan# (5) (0.163 g, 0.73 mmol) in chloroform
(80 mL) at 0°C. After the addition was complete (10 min), the
solution was filtered through a plug of Celite and the solvent was
removed using a rotary evaporator. The crude mixture was purified

solution was filtered, and the residue was rinsed with cold methanol by silica flash chromatography (gradient 129 2:8 EtOAc/CH-

to give 0.067 g (56%) of the product as a red solitH NMR
(CDCl) ¢ 13.08 (br s, 1H), 13.03 (br s, 1H), 7.07 (s, 1H), 6.15 (s,
1H), 3.67 (s, 3H), 2.75 (t, 2H] = 7.5 Hz), 2.69 (s, 3H), 2.67 (s,
3H), 2.47 (t, 2HJ = 7.5 Hz), 2.36 (s, 3H), 2.31 (s, 3HRC NMR
(CDCls) 6 172.8, 155.2, 154.9, 145.8, 142.9, 127.2, 126.9, 126.3,
119.8,117.5,51.9, 33.9, 19.5, 14.6, 13.0, 12.3, 10.4; mp-168

°C (dec); MS (+ve), 'z 287.2 (M+ 1 — HBr).

Benzyl 3,4-Diethyl-3’,4,5-trimethyldipyrromethene-5-car-
boxylate Hydrobromide (12). The product was prepared following
a literature procedur&H NMR (CDClg) 6 14.49 (br s, 1H), 12.25
(br's, 1H), 7.63-7.65 (m, 1H), 7.3#7.28 (m, 5H), 7.20 (s, 1H),
5.48 (s, 2H), 2.79 (s, 3H), 2.69 (q, 28= 7.5 Hz), 2.42 (q, 2H,
J=7.5Hz), 2.31 (s, 3H), 2.24 (s, 3H), 1.43.10 (m, 6H);%C
NMR (CDCls) 6 165.8, 159.8, 146.3, 145.6, 136.0, 135.0, 133.4,

Cl,) to give 0.025 g (16%) of the product as a yellow film after
removal of the solvent!H NMR (CDClg) 6 8.72 (dd, 2HJ = 4.5
Hz,J= 1.5 Hz), 7.67 (s, 2H), 7.42 (dd, 2H,= 45 Hz,J=1.5
Hz), 6.52 (dd, 2HJ = 4.5 Hz,J = 1.0 Hz), 6.41 (dd, 2HJ = 4.5
Hz,J = 1.0 Hz);3C NMR (CDCk) ¢ 149.5, 145.4, 144.7, 140.3,
138.4, 128.4, 125.3, 118.5; MS-ye), 'z 222.3 (M+ 1).

Zinc(ll) Bis(4,4'-diethyl-3,3,5,5-tetramethyldipyrromethene)
(16). A solution of zinc acetate dihydrate (0.044 g, 0.2 mmol) and
sodium acetate trihydrate (0.027 g, 0.2 mmol) in methanol (10 mL)
was added to a solution of 4-diethyl-3,3,5,5-tetramethyldipyr-
romethene hydrobromider) (0.028 g, mmol) in chloroform (10
mL). After the reaction mixture was stirred for 30 min, the solvent
was removed by using a rotary evaporator and the crude mixture
was dissolved in dichloromethane. The solution was filtered through

131.1, 129.5, 128.4, 128.3, 127.3, 125.2, 121.0, 66.7, 18.2, 17.2,a plug of silica, and the solvent was removed using a rotary

16.4, 14.0, 13.7, 10.4, 9.8; mp 147152°C (dec); MS (-ve), m/z
377.1 (M+ 1 — HBr).
4'-Ethyl-3,3',5,5-tetramethyl-4-(2,2,2-trifluoro-1-hydroxyeth-
yl)dipyrromethene Hydrobromide (13). Hydrogenolysis of benzyl
3,5-dimethyl-4-(2,2,2-trifluoro-1-hydroxyethyl)pyrrole-2-carbox-
ylate?940 (1.003 g, 3.1 mmol) was performed using a catalytic
amount of 10 mol % palladium on activated carbon (0.329 g) in
tetrahydrofuran (40 mL). After being stirred for 3 days under 1
atm of hydrogen gas, the mixture was filtered through a plug of

Celite to remove the palladium catalyst. The filtrate was concen-

evaporator to give 0.20 g (83%) of the product as a fuscia solid:
H NMR (CDCl3) 6 6.96 (s, 2H), 2.34 (g, 8H] = 7.5 Hz), 2.22

(s, 12H), 1.89 (s, 12H), 1.01 (t, 12H, = 7.5 Hz); 13C NMR
(CDCly) 6 156.4, 136.5, 135.7, 129.6, 120.7, 18.2, 15.3, 14.7, 10.1;
mp 145-149°C; MS (+ve),m/z257.2 (100%, ligand), 574.4 (12%,
M).
Zinc(ll) Bis(3,3',5,5-tetramethyldipyrromethene) (17). A
solution of zinc acetate dihydrate (1.790 g, 7.9 mmol) and sodium
acetate trihydrate (1.066 g, 7.9 mmol) in methanol (60 mL) was
added to a solution of 3,5,5-tetramethyldipyrromethene hydro-

trated by partial removal of solvent using a rotary evaporator, and bromide? (0.443 g, 1.6 mmol) in chloroform (60 mL). After the

the carboxylic acid was precipitated by addition of chloroform. The
solution was filtered to give 3,5-dimethyl-4-(2,2,2-trifluoro-1-
hydroxyethyl)pyrrole-2-carboxylic acid as a white powder 0.640 g
(87%). A suspension of the carboxylic acid in ethanolamine (5 mL)
was heated to 200C for 45 min and then poured into ice water.

reaction mixture was stirred for 30 min, the solvent was removed
by using a rotary evaporator and the crude mixture was dissolved
in dichloromethane. The solution was filtered through a plug of

silica, and the solvent was removed using a rotary evaporator to
give 0.33 g (44%) of the product as a fuscia soliti NMR

The aqueous mixture was extracted with dichloromethane, washed(CDCly) 0 7.02 (s, 2H), 5.98 (s, 4H), 2.31 (s, 12H), 1.95 (s, 12H);
with water, washed with brine, and dried over anhydrous sodium **C NMR (CDCk) ¢ 157.9, 142.1, 136.7, 122.0, 116.9, 16.6, 12.0;
sulfate, and the solvent was removed using a rotary evaporator. Amp > 250°C; MS (+ve), m/z 201.1 (100%, ligand), 462.1 (74%,
solution of the residue in chloroform was concentrated under M).

vacuum to give thex-free compound as a yellow solid (72%).
Aqueous hydrobromic acid (48% (w/v)) (0.30 mL, mmol) was
added to a solution of 2,4-dimethyl-3-(2,2,2-trifluro-1-hydroxyeth-
yl)pyrrole (0.384 g, 2.0 mmol) and 3-ethyl-2,4-dimethylpyrrole-2-
carboxaldehyd€ (0.302 g, 2.0 mmol) in tetrahydrofuran (25 mL).
After 30 min, the mixture was concentrated by partial removal of

Zinc(ll) Bis(benzyl 3,4'-diethyl-3',4,3-trimethyldipyrromethene-
5-carboxylate) (21).A solution of zinc acetate dihydrate (0.690 g,
3.2 mmol) and sodium acetate trihydrate (0.435 g, 3.2 mmol) in
methanol (8 mL) was added to a solution of benzyl'-8liéthyl-
3,4,5-trimethyldipyrromethene-5-carboxylate hydrobromid@)(
(0.286 g, 0.63 mmol) in chloroform (10 mL). After the reaction

the solvent using a rotary evaporator and the product was mixture was stirred for 30 min, the solvent was removed by using

(37) de Groot, J. A.; Gorter-La Roy, G. M.; van Koeveringe, J. A.;
Lugtenburg, JOrg. Prep. Proced. Int1981, 13, 97—101.

(38) Ballantine, J. A.; Jackson, A. H.; Kenner, G. W.; McGillivray, G.
Tetrahedron1966 241—259.

(39) Omote, M.; Ando, A.; Takagi, T.; Koyama, M.; Kumadaki, I.
Tetrahedron1996 52, 13961-13970.

(40) Omote, M.; Ando, A.; Sato, K.; Kumadaki, Tetrahedron2001
57, 8085-8094.

(41) Clezy, P. S.; Fookes, C. J. R.; Prashar, JAKst. J. Chem1989
42, 775-786.
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a rotary evaporator and the crude mixture was dissolved in
dichloromethane. The solution was filtered through a plug of silica,
and the solvent was removed using a rotary evaporator to give 0.25
g (48%) of the product as a fuscia solii NMR (CDCls) 6 7.07—

7.00 (m, 6H), 6.89 (s, 2H), 6.765.75 (m, 4H), 4.77 (d, 2H) =

12.5 Hz), 4.55 (d, 2HJ = 12.5 Hz), 2.63-2.61 (m, 4H), 2.29

2.27 (m, 10H), 2.10 (s, 6H), 1.74 (s, 6H), 1.09 (t, 6Hs 7.5 Hz),

(42) Treibs, A.; Strell, M.; Strell, I.; Grimm, DLiebigs Ann. Chenl978
289-305.
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1.00 (t, 6H,J = 7.5 Hz);13C NMR (CDCk) 6 168.3, 162.8, 142.5,
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solvent was removed by rotary evaporation. The product was

140.9, 139.8, 137.4, 136.1, 135.3, 135.2, 127.9, 127.6, 127.3, 127.00btained as a mixture witiLf) as an iridescent red solidH NMR

121.5, 64.6, 18.1, 18.0, 17.2, 14.6, 14.5, 10.9, 9.9; mp-1&3
°C; MS (+ve), Mz 377.2 (14%, ligand), 837.4 (100%, M Na).
Zinc(Il) Bis[4 '-ethyl-3,3,5,5-tetramethyl-4-(2,2,2-trifluoro-1-
hydroxyethyl)dipyrromethene] (22). Zinc acetate dihydrate (0.070
g, 0.32 mmol), sodium acetate trihydrate (0.046 g, 0.34 mmol),
and 4-ethyl-3,3,5,5-tetramethyl-4-(2,2,2-trifluoro-1-hydroxyethyl)-
dipyrromethene 43) (0.050 g, 0.14 mmol) were dissolved in
methanol (7 mL). After being stirred for 30 min, the solvent was

(CDCly) ¢ 8.74 (dd, 4H,J = 4.5 Hz,J = 1.5 Hz), 7.57 (s, 4H),
7.50 (dd, 4HJ = 4.5 Hz,J = 1.5 Hz), 6.64 (dd, 4HJ = 4.0 Hz,
J = 1.0 Hz), 6.41 (dd, 4HJ = 4.0 Hz,J = 1.0 Hz); 13C NMR
(CDCly) 6 150.9, 149.2, 147.1, 145.1, 139.7, 132.8, 125.4, 118.1;
mp > 250°C; MS (+ve), m'z 222.2 (100%, ligand), 505.2 (14%,
M).

N,N’-Difluoroboryl-4,4'-diethyl-3,3',5,5-tetramethyldipyr-
romethene (25).The product was prepared following a literature

removed using a rotary evaporator. The crude mixture was dissolvedprocedure’® H NMR (CDCl) 6 6.94 (s, 1H), 2.49 (s, 6H), 2.37
in ethyl acetate, washed with water, washed with brine, and dried (9, 4H,J = 7.5 Hz), 2.16 (s, 6H), 1.06 (t, 6Hl = 7.5 Hz); 1B
over anhydrous sodium sulfate, and the solvent was removed UsingNMR (CDCly) 6 0.91 (t,J = 33.7 Hz);13C NMR (CDCL) 6 154.8,
arotary evaporator. The residue was extracted with boiling hexanes136.8, 132.6, 131.8, 118.8, 17.5, 14.8, 12.7, 9BNMR (CDCE)
and decanted, and the solvent was then removed using a rotaryy —147.4 (9, = 34.1 Hz); mp 187188°C.

evaporator to give 0.027 g (64%) of the product as an iridescent

orange solid:'H NMR (CDCl) 6 7.04 (s, 2H), 5.045.06 (m,
2H), 2.34-2.37 (m, 10H), 2.22 (d, 6H) = 1.5 Hz), 2.20 (br s,
2H), 1.9741.99 (m, 6H), 1.8#1.91 (m, 6H), 1.02 (t, 6H) = 7.5
Hz); 13C NMR (CDCk) 6 161.5, 153.3, 139.6, 137.8, 134.9, 134.8,
132.3, 125.6 (qJ = 280 Hz), 121.8, 117.9, 68.4 (m), 18.23, 15.6,
15.5, 15.1, 10.7, 10.8%F NMR (CDCk) ¢ 235; mp 197-198°C;
MS (+ve), m'z 327.2 (58%, ligand), 715.1 (27%, M 1), 737.1
(100%, M+ Na).

Zinc(1l) Bis[ mesa(4-pyridyl)dipyrromethene] (24). A solution
of 2,3-dichloro-5,6-dicyang@-benzoquinone (0.129 g, 0.57 mmol)
in benzene (40 mL) was added slowly dropwise to a solution of
mese(4-pyridyl)dipyrromethan® (5) (0.128 g, 0.57 mmol) in
chloroform (60 mL) at OC. After the reaction mixture was stirred
for 10 min, the solvent was removed using a rotary evaporator.
Triethylamine (0.4 mL) and a solution of zinc chloride (0.040 g,
0.29 mmol) in methanol (1 mL) were added to a solution of the
crude mixture in methanol (20 mL) and chloroform (20 mL). After
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being stirred for 16 h at reflux under a nitrogen atmosphere, the 178.
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