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Abstract

The first series of alkali dipyrrinato complexes is reported, encompassing lithium, sodium and
potassium salts of meso-unsubstituted and meso-aryl substituted derivatives. By varying the
substituents at the meso-position, the intermolecular distance between the two nitrogen atoms and
thus the x*-N,N-bidentate bite angle was altered, as confirmed by comparison of crystallographic
structures of dipyrrin free-bases in the solid-state. The mode of bonding varies as the ionic radius
of the metal ion increases: solid-state structures reveal lithium to be accommodated in the plane
of the dipyrrinato unit, whilst sodium is accommodated out of plane. The reactivity of analogous
lithium, sodium and potassium dipyrrinato complexes increases as the ionic radius of the metal
ion increases, in keeping with the concept that the complexes tend towards an increasingly ionic

nature as the size of the alkali metal increases.
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Introduction

The NH hydrogen atom of a dipyrrin (Figure 1), best known for their presence in BODIPYs,' can
be formally deprotonated to give the monoionic conjugated dipyrrinato species that can act as a
bidentate ligand for the synthesis of supramolecular assemblies and discrete complexes.’
Crucially, dipyrrinato ligands generally adopt a (Z)-syn-type arrangement and thus chelate in a &
manner.”* Although dipyrrinato metal complexes have been reported for M* species such as
thallium(I)’ and rhodium(I),® alkali complexes involving the dipyrrinato ligand were unknown
before our recent communication involving lithium.” We showed that the monoanionic source of
the ligand, rather than the corresponding free-base or its protonated derivative, gave access to
unprecedented reactivity and previously inaccessible heteroleptic zinc(I) complexes. Our work
was followed by an example whereby a lithium dipyrrinato complex was used to generate
heteroleptic iron(I) and zinc(II) complexes.8 Porphyrins, which can be formed from a
condensation of two appropriately substituted dipyrrins, undergo deprotonation to give the
diionic tetradentate ligand, and alkali metalloporphyrins have been well documented,’ as has the
synthetic utility of such complexes in transmetallation reactions to obtain Ag(I), Zn(II), Cd(II),
Hg(II), Cu(Il), Sn(II) and Fe(IIT) complexes of porphyrins.10 As lithium, sodium and potassium
complexes of porphyrins have all been reported,'’ we found it surprising that alkali complexes of
the dipyrrinato ligand were unknown before our work, apart from a single example of a lithium-

cryptand-dipyrrinato complex in solution:'> such derivatives of related p-diketiminato

16,17 18,19

(NacNac),"'* porphodimethene,”” pyrroloimine and amino-pyrrole skeletons are well

known.
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Figure 1. Dipyrrin and the monoanionic dipyrrinato skeleton

Many recent advances in coordination chemistry and catalysis have been dependent upon
the utility of stable N,N-bidentate monoanionic ligands. To this end, -diketiminato ligands have
attracted much attention as spectator ligands: they are isoelectronic to the cyclopentadienyl anion;
they strongly coordinate to metal centers; and the reactivities of metal centers can be tuned by
changing the steric and electronic properties of the substituents at the nitrogen atoms. The p-
diketiminato ligand®**' has a similar N,N-bidentate monoionic framework to the dipyrrinato
ligand (Figure 2). However, the ability of the dipyrrinato unit to support catalytically active metal
centers has yet to be systematically examined.” There are limited examples of dipyrrins used as
chelating ligands for transition metal fragments, with no examples to date exploring the potential
catalytic utility of the resulting complexes, although in a recent report an iron(Il) dipyrrinato
complex was shown to undergo C-H bond amination from an organic azide, hinting towards
functional possibilities.® The lack of systematic exploration is somewhat surprising given the
likely useful structural features of the monoanionic dipyrrinato ligand, e.g., a hard nitrogen donor
pair, the formation of a six-membered ring upon metal coordination, and access to derivatives
bearing variable steric and electronic substituents. Traditionally, dipyrrinato complexes have
been prepared using either HX salts or free-bases as the source of the ligand. Clearly these
ionization states limit the potential for the synthesis of dipyrrinato complexes with a diverse array

of metal fragments, and it thus follows that alkali dipyrrinato complexes would be of interest.
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Figure 2. Dipyrrinato skeleton as compared to the p-diketimato framework

One of the structural locations upon dipyrrinato ligands that can easily be modified is the
meso-position (Figure 1). The term “meso” is borrowed from the chemistry of porphyrins, and is
routinely applied to dipyrrins to identify the methylene position between the two pyrrolic units.
By varying the substituents at the meso-position, we hoped to alter the intermolecular distance
between the two nitrogen atoms, and thus influence the C4-C5-C6 angle, and thus the bite angle,
of the dipyrrinato ligand. As a result, the mode of bonding and the reactivity of the alkali
dipyrrinato complexes would be anticipated to vary. Herein, we compare the solid-state structures
of dipyrrinato salts and free-bases, and report our work regarding meso-unsubstituted and meso-

substituted lithium, sodium and potassium complexes involving the dipyrrinato ligand.

Results and Discussion

To investigate the stability and properties of alkali dipyrrinato complexes, three free-base
dipyrrins were synthesized (Scheme 1), one dipyrrin unsubstituted at the meso-position and two
new dipyrrins bearing aryl groups at the meso-position. We maintained the symmetrical bis(1,3-
dimethyl-2-ethyl) substitution pattern across the series by using cryptopyrrole in all of our

syntheses. The meso-unsubstituted dipyrrin 1HBr***

was prepared by reacting cryptopyrrole
with formic acid in the presence of HBr, and we then grew crystals of this salt via slow cooling of
the reaction mixture. Liberation of the free-base 1 could be achieved using either lithium hydride
or ammonium hydroxide.” The meso-phenyl and meso-p-CFs-phenyl dipyrrins 2 and 3,

respectively, were prepared initially as their hydrochloride salts by reacting the corresponding

acid chloride with cryptopyrrole. The salts were purified over silica gel to remove any unreacted
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starting materials as well as the major ketone by-product (the structure of 4-ethyl-3,5-dimethyl-2-
phenylacetylpyrrole, the intermediate en route to 2, was confirmed using X-ray crystallography —
see Experimental Section). Treatment of 2HCI and 3HCI with sat. NaHCOs gave the requisite
free-bases in analytically pure form after purification over basic alumina. The low yields of 2 and

3 were attributed to the steric and electronic factors of the persistent ketone intermediates.

R

O .
1. condensation
1/_\{ . SIS
N R X 2. base \ NH N=
H
R=H, X=0H 1, R=H, 93%
R =Ph, X=CI 2, R =Ph, 19%
R = 4-CF3-CgHy, X = Cl 3, R =4-CF3-CgHy, 41%

Scheme 1. Synthesis of dipyrrins 1-3

Reacting a THF solution of free-base 1 with nBuLi gave clean conversion to the lithium
dipyrrinato complex 4a (Table 1) which was crystallographically characterized as 4a and
4a-(THF),.” As detailed in our previous communication, the structural features of 4a-(THF), are
consistent with the relevant N-Li and N-C bond lengths of related lithium diketiminato
complexes (B-diketiminato backbone substituted with either methyl** or zerz-butyl groups™) that
include at least one solvent ether molecule. However, the N-Li-O angles in 4a-(THF), are
contracted relative to those of related lithium p-diketiminato structures containing only one

24,25

coordinated solvent molecule (average 130.8°),”"*” presumably due to steric crowding.

Dalhousie University, Halifax, NS, Canada 6



The First Series of Alkali Dipyrrinato Complexes
Al-Sheikh Ali, Cipot-Wechsler, Crawford, Selim, Stoddard, Cameron and Thompson

Table 1. Synthesis of meso-substituted alkali metal dipyrrinato complexes

R
N\ base
N\ NH N= solvent

1,R=H R =H:4a, M =Li;4b, M =Na; 4¢c, M=K

2,R=Ph R = Ph: 5a, M = Li; 5b, M = Na; 5¢, M = K

3, R = 4-CF4-CgH, R = 4-CF,-CgH,: 6a, M = Li; 6b, M = Na; 6¢, M = K

Compound R Base M Solvent Isolated
Yield (%)

4a H BuLi Li THF 95
4b H NaN(SiMe;), Na Et,O 74
4c H KCH,Ph K THF 66
5a Ph BuLi Li THF 50
5b Ph NaN(SiMe;), Na Et,O 63
5c Ph KN(SiMe;), K THF 73
6a p-CF3-Ph | LiN(SiMes), Li THF 81
6b p-CF3-Ph | NaN(SiMe;), Na THF 91
6¢ p-CF3-Ph | KN(SiMe3), K THF 83

The THF-free solid-state structure of 4a and the THF-supported structure exhibit
significant differences in bond lengths and angles, as we previously reported.” For example, the
N-Li average distance is 1.39(1) A in 4a, compared to 1.98(1) A in 4a-(THF),, akin to the Li-N

13,14,25,26

bond length in related lithium diketiminato and porphyrin complexes.'' Furthermore, the

acute C4-N1-Li and C6-N2-Li bond angles in 4a are only 95.3(4)° and 96.4(4)°, respectively.
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The bond angles, the planarity of the six-membered chelate ring and the short N-Li distances in
the solid-state structure of 4a are consistent with an otherwise uncoordinated lithium atom, which
is a somewhat of a rarity.**

The meso-unsubstituted sodium dipyrrinato complex 4b was prepared via the slow
addition of an ethereal solution of sodium bis(trimethylsilyl)amide to an ethereal solution of the
free-base 1. An orange precipitate was immediately formed; the reaction mixture was filtered
over Celite and the residue was washed with ether to remove unreacted free-base and other by-
products. Subsequently, the product was dissolved in THF, the solution was filtered over Celite
and then the solvent was removed in vacuo.

The meso-unsubstituted dipyrrinato sodium complex 4b was crystallographically
characterized after a suitable dark red crystal was obtained from the slow evaporation of solvent
from a concentrated THF solution. The X-ray structure of 4b (Figure 3) reveals an oligomer
where complexed sodium ions are positioned within non-planar six-membered rings via N,N’-
chelation, in contrast to the corresponding dipyrrinato lithium complex’ whereby the lithium
atom was found to be positioned between the two nitrogen atoms in a discrete planar six-
membered ring. The structure of 4b contains three unique sodium atoms: Na(1) which is on an
inversion centre, Na(2) which is in a general position and Na(3) which is on a two-fold axis.
Thus, while there are three unique sodium atoms, Na(1) and Na(3) have only half occupancy. The
Na(1)-Na(2) distance is 3.247(1) A, and the Na(2)-Na(3) distance is 3.541(2) A. Although these
are long they are arguably just within a Van der Waals radius, with the chain of sodium atoms of
course propagated by the inversion centre giving a second Na(1)-Na(2) distance of 3.247(1) A
and a Na(3)-Na(2) distance of 3.541(2) A. The coordination about Na(l) is a near-regular
octahedron with two dipyrrinato units and two THF molecules, obviously with pairs related by

the inversion centre. The coordination about Na(3) is an approximate five-coordinate square-
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based pyramidal system with two dipyrrinato units in the base and a THF molecule with its
oxygen atom displaced just slightly off the two-fold axis. The coordination about the central
Na(2) atom is again five-coordinate with a very distorted square-based pyramid. The two
dipyrrinato units are in the base but the THF molecule and its oxygen atom are well displaced to
one side. All of the ligands (except the THF molecule coordinated to Na(3)) do double duty,
coordinating, and bridging between, two sodium atoms. Thus between Na(1) and Na(2) there are
two dipyrrinato units and the one (displaced) THF bridging the short (3.247 A) Na(1)-Na(2)
distance. However, a THF molecule is absent from the bridging position between Na(2) and
Na(3), and just two dipyrrinato units bridge that longer gap (3.541(2) A). In all, the close
approach of the sodium atoms to each other is a consequence of the bridging ligands and
probably has no bonding significance.

The bond angles C4-C5-C6 and C21-C22-C23 for the two dipyrrinato units in the solid-
state structure of 4b were decreased to 132.9(3)° and 132.8(4)°, respectively, compared with
148.7(3)° in the free-base 1. Although the C4-C5-C6 angles in 4b were found to be close to those
for the lithium dipyrrinato complex 4a, the larger ionic size of the sodium ion, compared to the
lithium ion, prevented a planar geometry of the complex; as a result, the sodium ion is
accommodated out of the dipyrrinato plane. As expected, the N-Na bond lengths of 4b (average
2.53(4) A) are longer than the N-Li bond lengths of 4a-(THF), (1.98(1) A). Such a comparison
suggests that the ionic nature of alkali dipyrrinato complexes increases as the ionic radii of the
metal increases. Related sodium diketiminato complexes exhibit the same trend as our dipyrrin
analogues, e.g., Na-N bond length of 2.395(6) A c.f Li-N bond length of 1.9975(7) A with the

lithium ion being accommodated in plane and the sodium ion being accommodated out of plane.
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Figure 3: The X-ray structure of sodium dipyrrinato complex 4b, shown with probability
ellipsoids of 50% (hydrogen atoms and THF molecules omitted for clarity; the end of the
oligomer and the attached side chains are disordered in two slightly different orientations;

disorder not shown)

The meso-unsubstituted potassium dipyrrinato complex 4¢ was prepared using benzyl
potassium (KCH,Ph) as the base. As KCH,Ph”’ is insoluble in diethyl ether, THF was used as the
reaction solvent. Upon the addition of a THF solution of benzyl potassium to a THF solution of
free-base 1, the potassium dipyrrinato complex 4c instantly precipitated as an orange solid. The
solvent was removed in vacuo and the solid was washed with ether and then hexanes. The poor
solubility of 4¢ hindered attempts to secure a crystal suitable for crystallographic analysis, and
despite much effort we were unsuccessful in this regard. Furthermore, we were unable to
crystallize any compounds bearing meso-aryl substituents.

Interested in how the C4-C5-C6 bond angle and the N-N intramolecular distance affect
the coordination geometry of dipyrrinato complexes, we grew crystals of the three free-bases 1-3
via the slow evaporation of solvent from concentrated pentanes solutions. With our hypothesis
being that the nature of the meso-substituent would dramatically affect the C4-C5-C6 bond angle,
and thus the N-N intramolecular distance and chelating bite angle, we were pleased that the X-ray
crystallographic analysis revealed a dramatic decrease of the C4-C5-C6 angle from the meso-

unsubstituted dipyrrin 1 [C4-C5-C6 bond angle, 148.7(3)°] (Figure 4) to the substituted dipyrrins
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2 [C4-C5-C6 bond angle, 124.8(2)°] (Figure 5) and 3 [C4-C5-C6 bond angle, 124.1(2)°],
respectively (Figure 6). Moreover as the C4-C5-C6 angle decreases across the series 1-3, the
intermolecular distance between the nitrogen atoms also decreases (2.73 A for 1, 2.69 A for 2 and
2.66 A for 3) and hence the bonding mode of complexation of the corresponding dipyrrinato

ligands would be expected to vary, in terms of bite angle, etc.

Figure 4. The X-ray structure of dipyrrin 1, shown with probability ellipsoids of 50%

(hydrogen atoms omitted for clarity; the structure solves in either Pbca or in Pca2l; R
value in Pbca is 5.7%, and 5.1% in Pca21; the higher symmetry space group has been
chosen; the pyrrole C and N atoms are in slightly disordered positions and the N-H

hydrogen atom has not been located since it sits on the disordered N-C bridge)

Figure 5. The X-ray structure of dipyrrin 2, shown with probability ellipsoids of 50%

(hydrogen atoms omitted for clarity)
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Figure 6. The X-ray structure of dipyrrin 3, shown with probability ellipsoids of 50%

(hydrogen atoms omitted for clarity; CH,CHj; disorder is not shown)

Despite the plethora of known dipyrrin salts and free-bases,” only a small number of
refined crystal structures have been reported: the N-N intramolecular distances, the C4-C5-C6
angles and the geometry across the central alkenyl bond of reported salts and free-bases are
collated in Table 2, along with those for 1HBr. Interestingly, the 148.7° C4-C5-C6 angle in the
free-base 1 is much larger than in the known free-bases 7°° and 8 (127.0° and 126.1°,
respectively) and the salts THBr (133.8°), 14,’° 15,%' 16, 17 and 18 (within the range 132.1°-
136.0°), despite the fact that all bear hydrogen atoms at the meso-position. The significantly
different sizes in the C4-C5-C6 angle are presumably a consequence of (i) the substituents that
flank the meso-position, and (ii) the strength and nature of the intramolecular NH---H hydrogen
bonding in which the N-H hydrogen atom(s) partake(s).

Our meso-aryl free-bases 2 and 3 compare well with the known meso-aryl dipyrrin free-
bases 9,35 10,4 11,36 12% and 13,38 and the known dipyrrin salt 19:°% all exhibit Z-configuration
across the alkenyl bond, all have their N-atoms aligned with syn-geometry (as necessary for
chelated complexation), all possess an N-N intramolecular distance of around 2.7 A (2.8 A for

the salt) and all exhibit a C4-C5-C6 angle of 123-124° (121.7° for the salt). As shown in Table 2,
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the meso-aryl substituted dipyrrin salts 20,* 21* and 22*° exhibit either an E-configuration or
anti-geometry and therefore the C4-C5-C6 angles and N-N intramolecular distances cannot be
usefully compared to those of 2 and 3. All of the free-bases, whether meso-substituted or not,
exhibit Z-configuration across the central alkenyl bond, presumably to accommodate
intramolecular NH---H hydrogen bonding. This configuration clearly predisposes the ability of
such ligands to act as bidentate chelating ligands.

Table 2. N-N distance, C4-C5-C6 angle and configuration for solid-state dipyrrins

(geometric data rounded to +0.01 A and +1°)

Structure N-N distance (A) | C4-C5-C6 | Configuration
angle (°)
1HBr 3.27 134 Z
o) 2.72 127 4
MeO XN
OMe
7
2.75 126 4
R
EtO,C COEt
CN 2.74 123 4
XN
9 OMe
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Structure N-N distance (A) | C4-C5-C6 | Configuration
angle (°)
NO, 2.74 124 VA
XX N
NH N=
10
2.76 125 Z
2.70 123 VA
2.64 122 VA
3.31 136 VA
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Structure N-N distance (A) | C4-C5-C6 | Configuration
angle (°)
3.38 133 VA
g N
=NH HN %
EtO,C 8O CO,Et
15
3.25 134 VA
7 NS N
=NH HN—/
Br @ Br@ Br
16
3.22 133 VA
7N N
=NH HN—4
@ ¢o
17
H
H NO 4.78 132 E
X N
\ ! _
—0
Cl@ H,O
18
2.82 122 VA
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Structure N-N distance (A) | C4-C5-C6 | Configuration
angle (°)
NO, 4.40 124 4
©
o] CN
H
Cl CN N NN
20
CN 438 125 E
H®
NN N
CFSCOC?
21
4.90 123 E
22

We previously reported’ that the reaction of lithium dipyrrinato complex 4a with ZnCl,
gives unprecedented access to heteroleptic zinc complexes (Scheme 2). To further bench-mark
the reactivity of alkali dipyrrinato complexes as reagents in simple salt elimination reactions, a
solution of the sodium dipyrrinato complex 4b in THF was added drop-wise to a stirring solution
of a stoichiometric amount of anhydrous ZnCl, in THF. After stirring for 1 hr at room

temperature, the solvent was removed in vacuo and a '"H NMR spectrum of the crude material
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revealed a mixture of the homoleptic species 23’ and the heteroleptic species 24’ in
approximately equal ratios (Scheme 2). Interestingly, although 23 and 24 are the only two
products observed in the reaction of the dipyrrinato analogue 4a with ZnCl,, in that instance the
formation of the heteroleptic species 24 was by far dominant.” Thus, moving from the lithium salt
to the sodium salt dramatically altered the course of the reaction. A similar reaction employing
the potassium dipyrrinato analogue 4¢ was also conducted, whereby a suspension of 4¢ in THF
was utilized: multiple and intractable products were thus generated, none of which were the
known complexes 23 and 24. This series of experiments reveals the differing reactivity of alkali
dipyrrinato complexes and lends further support to the notion that the ionic nature of the

complexes increases as the ionic radii of the metal increases.

XN\
SN \
\ ZnCl,, THF N N=
N N= _ N,/
Ny Zn +

4a, M = Li

4b, M = Na

4c, M=K
4a: 1.0 eq ZnCl, 10% 90% (83% isolated)
4b: 1.0 eq ZnCl, 45% 55%
4c: 1.0 eq ZnCl, intractable products, neither 23 nor 24

Scheme 2. Reactions of alkali dipyrrin complexes

With alkali dipyrrinato complexes of lithium, sodium and potassium in hand, we turned
our attention to the meso-aryl dipyrrins 2 and 3 in order to expand the series. Lithium (S5a),
sodium (5b) and potassium (5¢) meso-phenyl dipyrrinato complexes were prepared using butyl
lithium, sodium bis(trimethylsilyl)amide and potassium bis(trimethylsilyl)amide, respectively, as
the source of the metal ions. Similarly, the alkali meso-p-CF3-C¢Hy dipyrrinato complexes 6a-c

were prepared from the corresponding free-base 3 using the metal bis(trimethylsilyl)amide as the
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source of the metal ion. The yields and procedures are summarized in Table 1. Taking advantage
of the phenomenon that the dipyrrins 2 and 3 are soluble in pentane whereas the alkali complexes
are not, the resultant meso-substituted alkali dipyrrinato metal complexes 5a-c¢ and 6a-c were
repeatedly washed with pentane to remove unreacted free-base and other by-products.
Unfortunately, and despite much effort, we were unsuccessful in growing X-ray quality crystals
of any alkali dipyrrinato complexes bearing meso-aryl substituents.

The ""N-NMR chemical shifts for dipyrrins, their salts and their complexes are
diagnostic® and this technique generally allows for the characterization of nitrogen containing-

15 With our current work, the published "N

heterocyclic compounds, as noted by others.
dipyrrinato chemical shift ranges™ can now be expanded to include alkali dipyrrinato complexes.
As indicated in Figure 7, the "°N chemical shifts for the complexes 4-6 reported here do not
overlap with their corresponding free-base dipyrrins 1-3. Indeed, the chemical shifts dramatically

increase from the range of -162 to -164 ppm for the free-bases 1-3 to the range of -219 to -231

ppm for the alkali metal complexes 4-6.
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B — pyrrole
== dipyrromethane
-230 —
D alkali dipyrrinato salts
5-H dipyrrin-HBr
-210 —
"N T o dipyrromethane Sn(IV) complex
(ppm) =8 5.H dipyrrinato BF, complex
-190 —+
170 — <«— 5-H dipyrrinato Zn(ll) complex
) = 5-aryl dipyrrinato Zn(Il) complex
| 1 | dipyrrin(5-H, Ph, cFoan |
-150 —-

Figure 7. °N chemical shifts, relative to nitromethane at 125.41 ppm

Curiously, the ?C NMR spectra for the sodium and potassium dipyrrinato complexes
with meso-aryl substituents exhibited low signal:noise ratios. Indeed, many more than the
expected number of scans were required to attain signals for all of the carbon atoms, with our
expectations based on concentrations of solutions and our experience with other dipyrrinato
complexes: we were unable to find a convincing rationale for this phenomenon, but were

nevertheless able to assign all signals.

Conclusions

In summary, this work represents the first synthesis and characterization of a series of alkali
dipyrrinato complexes. Three ligands bearing different substituents at the meso-position have
been utilized, along with lithium, sodium and potassium metal ions. Variation of the substituent
at the meso-position altered the C4-C5-C6 angle of the dipyrrinato unit. The alkali dipyrrinato
complexes were characterized on the basis of spectroscopic techniques, including "N-NMR
spectroscopy which was used as a diagnostic indication for these compounds. In contrast to the

lithium dipyrrinato complex 4a which adopted k*-N,N-bidentate behaviour for the dipyrrinato
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ligand with the lithium ion nestled within the plane, the analogous sodium dipyrrinato complex
4b showed a different mode of bonding whereby an oligomeric structure sets the sodium ions out
of the k>-N, N-bidentate dipyrrinato plane. With increasing ionic radii of the alkali metals, relative
reactivity increased when reactions with ZnCl, were investigated. Our current investigations
include the use of alkali dipyrrinato complexes in salt elimination strategies to generate
coordination complexes not previously accessible via the use of dipyrrin free-bases or their HX

salts.

Experimental Section

General Procedures

Unless otherwise indicated, all manipulations were conducted in the absence of oxygen and water
under an atmosphere of dinitrogen, either by using standard Schlenk methods, or within a glove-
box apparatus, utilizing glassware that was oven-dried (130 °C) and evacuated while hot prior to
use. Celite® was oven dried (130 °C) for 5 d and then evacuated for 24 h prior to use. The non-
deuterated solvents tetrahydrofuran, diethyl ether, toluene, benzene, hexanes and pentane were
deoxygenated and dried by sparging with dinitrogen gas, followed by passage through a double-
column solvent purification system. Tetrahydrofuran and diethyl ether were purified over two
alumina-packed columns, while toluene, benzene, hexanes and pentane were purified over one
alumina-packed column and one column packed with copper-Q5 reactant. Sodium benzophenone
ketyl was added to the solvent in order to provide visual confirmation (i.e. the observed
persistence of the benzophenone ketyl) that an appropriate level of purification had been
achieved. The solvents used within the glove-box were stored over activated 4 A molecular
sieves. THF-dg (Aldrich) and CsD¢ (Aldrich) were degassed by using three repeated freeze-pump-

thaw cycles and then dried over 4-A molecular sieves for 24 h prior to use. HBr (48% aqueous
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solution), LiN(SiMe),, NaN(SiMe),, KN(SiMe),, nBuLi (1.6 M solution in hexanes), silica gel
(230-400 mesh, pH 6.5-7.5) and alumina (basic, grade 150, 58 A) were all used as received. All
nuclear magnetic resonance experiments were conducted using 250 and 500 MHz spectrometers.
All chemical shifts (8) are reported in parts per million (ppm). All coupling constants (J) are
reported in Hz. All 'H and *C NMR chemical shifts are reported relative to solvent peaks used as
internal references: C¢Dg (7.16 ppm and 128.62 ppm, respectively), THF-ds (3.58 ppm and 67.80
ppm, respectively), DMF-d; (8.03 ppm and 163.15 ppm, respectively), CDCls (7.26 ppm and
77.16 ppm, respectively) °N chemical shifts were obtained from two-dimensional 'H (500 MHz)
— N (50.7 MHz) HMBC correlation experiments. N, 'Li, *Na and "’F shift scales were
referenced as outlined in the [IUPAC Recommendations of 2001.** Mass spectra were obtained
using in ESI positive mode on a TOF instrument in both high and low resolution. All UV-visible
analyses were performed using a 10 mm screw-cap cell (with Teflon tape) and solutions were
prepared using glove-box techniques and dry THF. 4,4’-Diethyl-3,3’,5,5 -tetramethyldipyrrin
hydrobromide (1HBr),”* benzyl potassium,”’ 4,4’-diethyl-3,3’,5,5’-tetramethyldipyrrin (1)” and
lithium 4,4’-diethyl-3,3’,5,5-tetramethyldipyrrinato (3a)’ were prepared according to literature
procedures.

k*-(4,4’-Diethyl-3,3’ 5,5’-tetramethyl-meso-C H,-dipyrrin) (2)

To a solution of 3-ethyl-2,4-dimethylpyrrole (1.3 mL, 10 mmol) in CHCl; (50 mL), benzoyl
chloride (70 mg, 5.0 mmol) was added, and the reaction mixture was heated at reflux temperature
for 3 hr. The resultant pink reaction mixture was extracted with water (2 x 30 mL), and the
organic solution was then dried over Na,SO4. Removal of the organic solvent in vacuo gave
crude material that was purified using chromatography on silica gel. A minor by-product was

eluted with 50% CH,Cl; in hexane, and it was characterized to be 4-ethyl-3,5-dimethyl-2-phenyl
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acetylpyrrole as a pale yellow solid mp 159-161°C; &y (500 MHz, CDCls) 9.29 (1H, bs), 7.25-
7.63 (5H, m), 2.38 (2H, q, J 7.5), 2.35 (3H, s), 1.89 (3H, s), 1.05 (3H, t, J 7.5); 8¢ (125 MHz,
CDCl) 185.7, 140.8, 133.1, 130.9, 128.9, 128.5, 128.4, 127.1, 125.5, 125.4, 123.9, 17.5, 15.3,
11.9, 11.7; dx (50.7 MHz, CDCl3) -227.7; m/z (EST") 250.1202 (M+Na)". A crystal of 4-ethyl-
3,5-dimethyl-2-phenyl acetylpyrrole suitable for X-ray crystallographic analysis was grown via
slow evaporation of a solution in hexane (structure included herein). The major band was eluted
with 5% CH3;OH in CH,Cl,. Removal of the solvent in vacuo followed by dissolution in CH,Cl,
(30 mL) and then washing with saturated NaHCO; solution (2 x 30 mL) gave the title compound
as its free-base. Drying of the solution over Na,SO4 and removal of the organic solvent in vacuo
gave an orange solid that was purified using column chromatography on basic alumina eluting
with 60% CH,Cl; in hexane to give the title compound as an orange solid (31 mg, 19%): mp 148-
150°C; UV-vis Amax/nm 515 (£ 45,000 M'em™, MeOH); 8y (500 MHz, CDCL3) 7.44-7.45 (3H,
m), 7.34-7.36 (2H, m), 2.31 (6H, s), 2.28 (4H, q, J 7.5), 1.19 (6H, s), 0.97 (6H, t, J 7.5); dc (125
MHz, CDCls) 150.3, 139.2, 135.7, 134.9, 131.5, 129.8, 128.6, 128.2, 124.2, 17.8, 15.1, 14.6,
11.9; x (50.7 MHz, THF-dg) -162.1; m/z HR (MH)" C3HaxN, cale. 332.2252, found 333.2303
Anal. Calc. for C23H2gNa: C, 83.09; H, 8.49; N, 8.43. Found C, 83.13; H, 8.54; N, 8.31.
k2-(4,4’-Diethyl-3,3’,5,5’-tetramethyl-meso-p-CF,-C H,-dipyrrin) (3)

To a solution of 3-ethyl-2,4-dimethylpyrrole (0.34 mL, 2.50 mmol) in CH,Cl, (30 mL), 4-
trifluoromethylbenzoylchloride (260 mg, 1.25 mmol) was added, and the reaction mixture was
heated at reflux temperature for 48 hr. The resultant pink reaction mixture was extracted with
water (2 x 30 mL), and the organic solution was then dried over Na,SO4. Removal of the organic
solvent in vacuo gave a crude product that was purified using chromatography on silica gel. A

minor by-product was eluted with 50% CH,Cl, in hexane, and it was characterized to be 4-ethyl-
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3,5-dimethyl-2-(trifluoromethylphenyl) acetylpyrrole as a pale yellow solid: mp 165-167°C; UV-
Vis Amax/m 523 (£ 40,000 M'em™, MeOH); 8y (500 MHz, CDCls) 9.20 (1H, bs), 7.65-7.71 (4H,
bs), 2.38 (2H, q, J 7.5), 2.27 (3H, s), 1.85 (3H, s), 1.05 (3H, t, J 7.5); &¢ (125 MHz, CDCls)
183.7, 143.9, 134.0, 132.4 (q, Jcr 32.3), 128.9, 128.4, 126.7, 125.8, 125.4, 123.9 (q, Jcr 270.8),
17.2, 15.1, 11.7, 11.6; dx (50.7 MHz, CDCls) -228.2; 8¢ (243 MHz, CDCls) -63.7; m/z (ESI)
294.3 (M"). The major band was eluted with 10% CH3OH in CH,Cl,. Removal of the organic
solvent in vacuo followed by dissolution of the solid in CH,Cl, (30 mL) and then washing with
saturated NaHCO; solution (2 x 30 mL) gave 3 as its free-base. Drying of the solution over
NaSO4 and removal of the organic solvent in vacuo gave an orange solid that was purified using
column chromatography and basic alumina eluting with 50% CH,Cl, in hexane to give the title
compound as an orange solid (226 mg, 41%): mp (dec) > 185°C; g (500 MHz, CDCl;) 13.22
(1H, bs), 7.69 (2H, d, J 10.0), 7.46 (2H, d, J 10.0), 2.32 (6H, s), 2.27 (4H, q, J 7.5), 1.15 (6H, s),
0.97 (6H, t, J 7.5); 8¢ (125 MHz, CDCls) 150.7, 142.8, 135.7, 135.4, 134.3, 131.8, 130.4 (q, J c-F
32.3), 130.2, 125.4, 124.2 (q, J cr 265.0), 17.6, 14.8, 14.4, 12.0; Or (243 MHz, CDCIs) -63.3; dn
(50.7 MHz, CDCLs) -163.6; m/z (MH)" HR C,4H27F3N; calc. 400.2126, found 401.2187; Anal.
Calc. for Co4Hy7F3N,: C, 71.98; H, 6.80; N, 6.99. Found C, 72.16; H, 6.82; N, 6.85.
k2-(4,4’-Diethyl-3,3’,5,5’-tetramethyldipyrrinato) sodium (4b)

Within a glovebox, an Et,0O (2 mL) solution of NaN(SiMes), (40 mg, 0.22 mmol) was added
drop-wise over 5 minutes to a magnetically stirring solution of 1 (57 mg, 0.22 mmol) in Et,0O (2
mL). Upon addition of the base, a bright orange solid immediately precipitated from the reaction
mixture. After 1 hr, the reaction mixture was filtered over Celite and the residue was washed with
ether (4 x 2 mL) to remove any impurities and the HN(SiMes), by-product. The product was

dissolved in THF (2 mL) and filtered through Celite. Slow evaporation of the solvent from the
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filtrate resulted in the formation of large red plate crystals. These were isolated and dried in
vacuo to leave the title compound as red crystals (46 mg, 74%): 0n (500 MHz, THF-dg) & 6.75
(1H, s), 2.35 (4H, q, J 7.5), 2.16 (6H, s), 2.11 (6H, s), 1.00 (6H, t, J 7.5); 8¢ (125 MHz, THF-ds)
153.8, 138.2, 135.3, 128.2, 123.2, 19.4, 16.6, 16.2, 10.5; dx (50.7 MHz, THF-dg) -225.4; dna
(132.3 MHz, THF-dsg) 10.7.

k2-(4,4’-Diethyl-3,3’,5,5’-tetramethyldipyrrinato) potassium (4c)

Within a glove box, a THF (2 mL) solution of KCH,Ph*’ (25 mg, 0.20 mmol) was added drop-
wise over 5 minutes to a solution of 1 (50 mg, 0.20 mmol) in THF (2 mL). Upon addition of the
base, a bright orange solid precipitated from the reaction mixture. The reaction vial was sealed
and the contents manually shaken for 30 seconds then left at room temperature. After 1 hr, the
solvent was removed in vacuo and the orange solid was washed with Et;O (2 x 2 mL) and then
hexanes (3 x 2 mL) to remove any impurities and by-products. Contrary to the sodium complex,
the potassium analogue was found to be insoluble in THF. Therefore, the supernatants were
removed in each case by allowing the solid to settle and then carefully decanting the liquid away.
The resulting orange solid was dried in vacuo to leave the title compound (37 mg, 66%): 0n (500
MHz, DMF-d) 8 6.80 (1H, s), 2.34 (4H, q, J 7.5), 2.18 (6H, s), 2.13 (6H, s), 1.00 (6H, t, J 7.5);
dc (125 MHz, DMF-d;) 153.3, 137.9, 134.6, 132.0, 127.3, 19.3, 16.4, 15.9, 10.7; 0x (50.7 MHz,
DMF-dy) -221.4.

k2-(4,4’-Diethyl-3,3’,5,5’-tetramethyl-meso-C H;-dipyrrinato) lithium (5a)

Within a glove-box, nBuLi (94 pL of a 1.6 M hexanes solution, 0.15 mmol) was added drop-wise
over 5 minutes to a solution of 2 (50 mg, 0.15 mmol) in THF (3 mL). Upon addition of the base,
the color of the solution immediately changed from orange to dark red-brown. The reaction vial

was sealed and the contents were magnetically stirred for 45 minutes. The solvent was then
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removed in vacuo and the red-brown solid was washed with pentane (5 x 2 mL) to remove any
impurities and by-products. The supernatants were removed in each case by allowing the solid to
settle and carefully decanting the liquid away. The resulting solid was dried in vacuo to give the
title compound as a red solid (25 mg, 50%): 8 (500 MHz, THF-dg) 7.40-7.20 (5H, m), 2.25 (4H,
q, J 7.5), 2.20 (6H, s), 1.08 (6H, s), 0.92 (6H, t, J 7.5); 8¢ (125 MHz, THF-dg) o 153.3, 145.2,
138.6, 135.8, 131.9, 131.7, 130.7, 128.6, 127.8, 19.1, 16.0, 15.8, 13.3; dx (50.7 MHz, THF-dg) -
226.0; Or; (194.4 MHz, THF-dg) 2.02.

k*-(4,4’-Diethyl-3,3’,5,5’-tetramethyl-meso-C Hs-dipyrrinato) sodium (5b)

Within a glove-box, a solution of NaN(SiMes), (28 mg, 0.16 mmol) in Et,O (2 mL) was added
drop-wise over 5 minutes to a magnetically stirring solution of 2 (51 mg, 0.16 mmol) in Et,0O (2
mL). Upon addition of the base, the colour of the solution changed from orange to red. After 1
hr, the solvent was removed in vacuo and the resulting solid was triturated/washed with pentane
(5 x 2 mL) to remove any impurities and any by-products. The supernatants were removed in
each case by allowing the solid to settle and carefully decanting the liquid away. The resulting
orange solid was dried in vacuo to give the title compound as a red solid (35 mg, 63%): du (500
MHz, THF-dg) 7.30-7.18 (5H, m), 2.27 (4H, q, J 7.4), 2.16 (6H, s), 1.14 (6H, s), 0.94 (6H, t, J
7.4); 0c (125 MHz, THF-dg) 153.3, 146.8, 144.3, 140.3, 134.8, 132.7, 131.0, 128.25, 128.0, 19.4,
16.3, 16.0, 133; 0x (50.7 MHz, THF-dg) -221.5; dna (132.3 MHz, THF-dsg) 9.9.
k2-(4,4’-Diethyl-3,3’,5,5’-tetramethyl-meso-C H;-dipyrrinato) potassium (5c)

Within a glove-box, a solution of KN(SiMes), (30 mg, 0.15 mmol) in THF (2 mL) was added
drop-wise over 5 minutes to a magnetically stirring solution of 2 (50 mg, 0.15 mmol) in THF (2
mL). Upon addition of the base, the colour of the solution changed from orange to dark purple.

After 1 hr, the solvent was removed in vacuo and the resulting solid was triturated/washed with
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pentane (5 x 2 mL) to remove any impurities and any by-products. The product was dissolved in
THF (2 mL) and filtered through Celite. The resulting solid was dried in vacuo to give the title
compound as a red solid (41 mg, 73%): du (500 MHz, THF-ds) 7.26-7.15 (5H, m,), 2.31 (4H, q, J
7.5), 2.07 (6H, s), 1.39 (6H, s), 0.98 (6H, t, J 7.5); 0c (125 MHz, THF-ds) 153.5, 146.8, 145.3,
141.5, 133.9, 133.4, 131.9, 128.2, 128.2, 19.4, 16.1, 16.0, 13.2; 85 (50.7 MHz, THF-dg) -211.9.
k*-(4,4’-Diethyl-3,3’ 5,5’-tetramethyl-meso-p-CF;-C H,-dipyrrinato) lithium (6a)

Within a glove-box, a solution of LiN(SiMes), (41 mg, 0.25 mmol) in THF (4 mL) was added
drop-wise to a solution of 3 (100 mg, 0.25 mmol) in THF (2 mL). Upon addition of the base, the
colour of the solution immediately changed from dark yellow-brown to dark red-brown. The
reaction vial was sealed and the contents magnetically stirred for 2 hr. The solvent was then
removed in vacuo and the resulting red-brown solid was washed with hexane (5 x 2 mL) to
remove any unreacted starting materials and by-products. The residue was dissolved in THF and
filtered over Celite. The solvent was removed in vacuo to give the title compound as a red solid
(82 mg, 81%): du (500 MHz, THF-ds) 7.62 (2H, d, J 8.0), 7.38 (2H, d, J 8.0), 2.22 (4H, q, J
7.5), 2.17 (6H, s), 1.03 (6H, s), 0.88 (6H, t, J 7.5); 0c (125 MHz, THF-ds) 154.1, 149.3, 144.0,
138.2, 135.4, 132.5, 131.4, 130.2 (q, J cr 31.8), 125.9 (q, J cr 269.8), 125.6 (q, 2C, J cr 7.1),
19.1, 16.0, 15.5, 13.6; 8r (243 MHz, THF) -61.6; 0x (50.7 MHz, THF-ds) -226.9; 81 (194.4 MHz,
THF-ds) 2.0.

k2-(4,4’-Diethyl-3,3’,5,5’-tetramethyl-meso-p-CF,-C H,-dipyrrinato) sodium (6b)

Within a glove-box, a solution of NaN(SiMes), (46 mg, 0.25 mmol) in THF (4 mL) was added
drop-wise to a solution of 3 (100 mg, 0.25 mmol) in THF (2 mL). Upon addition of the base, the
colour of the solution immediately changed from dark yellow-brown to dark purple. The reaction

vial was sealed and the contents magnetically stirred for 2 hr. The solvent was then removed in
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vacuo and the red-brown solid was washed with hexane (5 x 2 mL) to remove any unreacted
starting materials and by-products. The residue was dissolved in THF and filtered over Celite.
The solvent was removed in vacuo to leave the title compound as a dark red solid (96 mg, 91%):
Oy (500 MHz, THF-ds) 7.55-7.62 (2H, m), 7.19-7.41 (2H, m), 2.27 (4H, q, J 7.5), 2.18 (6H, s),
1.10 (6H, s), 0.94 (6H, t, J 7.5); 8¢ (125 MHz, THF-ds) 153.7, 149.0, 144.6, 139.8, 135.7, 133.2,
131.8, 130.3 (q, J cr 30.6), 1259 (q, J c.r 270.1), 125.4, 19.2, 16.0, 15.9, 13.3; 6 (243 MHz,
THF) -60.1; 6x (50.7 MHz, THF-dg) -219.0; 8na (132.3 MHz, THF-ds) 9.0.
k*-(4,4’-Diethyl-3,3’,5,5’-tetramethyl-meso-p-CF,-C H,-dipyrrinato) potassium (6c¢)

Within a glove-box, a solution of KN(SiMes), (50 mg 0.25 mmol) in THF (4 mL) was added
drop-wise to a solution of 3 (100 mg, 0.25 mmol) in THF (2 mL). Upon addition of the base, the
colour of the solution immediately changed from dark yellow-brown to dark purple. The reaction
vial was sealed and the contents magnetically stirred for 2 hr. The solvent was then removed in
vacuo and the red-brown solid was washed with hexane (5 x 2 mL) to remove any unreacted
starting materials and by-products. The residue was dissolved in THF and filtered over Celite.
The solvent was removed in vacuo to give the title compound as a red solid (93 mg, 83%): On
(500 MHz, THF-dg) 7.50 (2H, d, J 7.8), 7.35 (2H, d, J 7.8), 2.35 (4H, q,J 7.5), 2.10 (6H, s), 1.41
(6H, s), 1.01 (6H, t, J 7.5); dc (125 MHz, THF-dg) 153.5, 148.7, 144.4, 141.0, 133.3, 133.1,
132.0, 129.9 (q, Jcr 31.9), 125.7, 125.4 (q, Jcr 270), 19.3, 16.0, 15.9, 13.2; 6r (243 MHz, THF)

-61.0 ppm; Oy (50.7 MHz, THF-ds) 0 -226.0.

X-ray Crystallographic Data

The structures were solved by direct methods® and expanded using Fourier techniques.*® Some non-
hydrogen atoms were refined anisotropically, while the rest were refined isotropically. Some hydrogen

atoms were refined isotropically, the rest were included in fixed positions. The final cycle of full-matrix
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least-squares refinement (minimized to Sw(|Fol-|Fc|)* where w = least squares weights on F) was based
on 3284 observed reflections (I > 3.00s(I)) and 271 variable parameters and converged with unweighted

and weighted agreement factors of: R = S ||Fo| - |Fc|| / S |[Fo| = 0.0394; Rw =[ S w (|Fo| - |Fc|)2 /'S w

Fo2]"* = 0.0443. The standard deviation of an observation of unit weight (standard deviation of an

observation of unit weight [Sw(|F0|-|Fc|)2/(No-NV)]1/2 where: No = number of observations, Ny
number of variables) was 1.06. A Robust-resistant weighting scheme was used.”” Plots of S w (|Fo| -

IFc|)2 versus [Fol, reflection order in data collection, sin q/l and various classes of indices showed no
unusual trends. The maximum and minimum peaks on the final difference Fourier map corresponded to
0.78 and -0.72 ¢/A’, respectively. Neutral atom scattering factors were taken from Cromer and Waber.*
Anomalous dispersion effects were included in Fcalc;* the values for Df' and Df" were those of Creagh
and McAuley.”® The values for the mass attenuation coefficients are those of Creagh and Hubbell.”' All

calculations were performed using the CrystalStructure™>>

crystallographic software package. CCDC
758519-758524 contain the supplementary crystallographic data for this paper. These data can be
obtained, free of charge, via www.ccdc.cam.ac.uk/conts/retrieving.html (or from the Cambridge
Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, U.K. (Fax: 44-1223-336033 or e-

mail: deposit@ccdc.cam.ac.uk).
K2-(44’-Diethyl-3,3’ 5,5’ -tetramethyldipyrrin) hydrobromide (1HBr)

Ci17H2sBrN; (337.30), orange feathers, primitive monoclinic, space group P2,/a (#14), a =
8.7480(6) A, b =24.241(1) A, ¢ = 9.1766(6) A, p = 118.248(2)"> V = 1714.2(2) AS, Z=4T=
24°C, 20 = 145.3°. Diffractometer, Rigaku RAXIS-UNKNOWN, MoKa radiation (A = 0.71070
A) graphite monochromate, residuals: R (I>3.000(I)) = 0.0492, residuals: R,, (I>3.000(1))
0.0600, GoF 1.063.

K2-(4 4’-Diethyl-3,3’ 5,5’ -tetramethyldipyrrin) (1)

Ci7H24N, (256.39), orange needle, primitive orthorhombic, space group Pbca (#61), a

12.8407(4) A, b = 8.3486(3) A, ¢ = 13.9647(5) A, V = 1497.04(9) A3, Z=4,T=-150°C, 26
144.8°. Diffractometer, Rigaku RAXIS-UNKNOWN, MoKo radiation (A = 0.71070 A),

residuals: R (I>3.000(I)) = 0.0577, residuals: Ry, (I>3.000(I)) = 0.0659, GoF 1.139.
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K2-(4,4’-Diethyl-3,3’ 5 5’ -tetramethyl-meso-C H ;-dipyrrin) (2)

Ca3HagN> (332.49), yellow needle crystal, primitive monoclinic, space group P2{/n (#14), a =
11.1861(5) A, b=15.7267(7) A, ¢ = 11.1134(5) A, p = 96.876(3)", V = 1941.0(2) A z=4T=
-150 °C, 26 = 61.3°. Diffractometer, Rigaku RAXIS-UNKNOWN, MoKa radiation (A = 0.71070

A), residuals: R (I>3.000(1)) = 0.0481, residuals: Ry, (I>3.000(I)) = 0.0537, GoF 1.152.

K2-(4 4’-Diethyl-3,3’ 5 5’ -tetramethyl-meso-p-CF ;-C H ,-dipyrrin) (3)

C24H27N,F5 (400.49), golden-orange, needle-plate, primitive orthorhombic, space group Pbca
(#61), a=19.230(1) A, b=9.6655(5) A, c =22.594(2) A, V = 4199.4(5) A3, Z=8,T=-173°C,
260 = 61.0°. Diffractometer, Rigaku Saturn, MoKa radiation (A = 0.71075 A), residuals: R

(I>3.000(1)) = 0.0394, residuals: Ry (I>3.000(1)) = 0.0443, GoF 1.057.

K2-(44’-Diethyl-3,3’ 5,5’ -tetramethyldipyrrinato) sodium (4b)

C40Hs30; 5sNay (664.90), dark red prism crystal, C-centered monoclinic, space group C2/c (#15), a
=23.966(6) A, b=12.591(3) A, ¢ = 26.789(6) A, p = 101.055(5)", V = 7934(3) A3, Z=8,T=-
173°C, 260 = 68.1°. Diffractometer, Rigaku Saturn, MoKa. radiation (A = 0.71075 A), residuals: R

(I>3.000(1)) = 0.0695, residuals: R, (I>3.000(I)) = 0.0794, GoF 1.040.

4-Ethyl-3,5-dimethyl-2-phenylacetylpyrrole

CisHi7NO (227.31), dark red crystal, C-centered monoclinic, space group C2/c (#15), a =
27.818(1) A, b=7.3187(2) A, ¢ = 14.4726(8) A, p = 119.151(2)", V = 2573.3(2) A z=8T=-
150°C, 20 = 144.7°. Diffractometer, Rigaku Raxis-UNKOWN, MoKa radiation (A = 0.71070 A),

residuals: R (I>3.000(1)) = 0.0392, residuals: Ry, (I>3.000(1)) = 0.0505, GoF 1.033.
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