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presence of BF;-Et,0, followed by oxidation with DDQ, afforded the first example of a

telluracarbaporphyrin. Although this system exhibits strongly aromatic characteristics,

it is prone to air oxidation, giving rise to a hydroxy derivative that was characterized by Ph
X-ray crystallography. The initial telluracarbaporphyrin reacted with palladium(II)

acetate to give a stable organometallic complex, and X-ray crystallography showed that

the palladium cation was coordinated to all four atoms in the CNTeN core. An Ph X=NHorO
oxacarbatripyrrin was also reacted with a tellurophene dialcohol to give an air-stable

porphyrin analogue with a CNTeO core. Nonmetalated telluracarbaporphyrins showed relatively short Te—N separations that
strongly implied the involvement of hypervalent tellurium interactions. Furthermore, despite the presence of a very large tellurium
atom, the tellurophene subunit is not strongly pivoted away from the mean macrocyclic plane as would be expected in the absence of
these interactions. The aromatic properties of heterocarbaporphyrins were assessed by proton NMR spectroscopy, NICS
calculations, and AICD plots. In addition, the relative stability of hydroxytelluraporphyrins in comparison to their tellurophene oxide
tautomers was investigated and the aromatic characteristics of these oxidized structures were evaluated.

ABSTRACT: The reaction of a carbatripyrrin with a tellurophene dicarbinol in the O

B INTRODUCTION Carbaporphyrinoid systems have been prepared by numer-
Core-modified porphyrins have been widely investigated,” ous synthetic strategies.”'® A recent innovation in the synthesis
including oxa (1a)-, thia (1b)-, selena (1c)-, phospha ( ld)-,3 'of carbaPorphyrins involves 'Fhe utilizatio.n of carbatripyrrin
and carbaporphyrins (2) (Figure 1).* These systems exhibit intermediates 9 that were easily prepared in three steps from

unusual reactivity and modified spectroscopic properties, indene (Scheme 1)."” Indene reacted with KOH and pyrrole-
although many retain global aromatic characteristics that 2-carbaldehyde in refluxing ethanol to give fulvene 10, and
resemble those of true porphyrins. Telluraporphyrins (1e) are subsequent reduction with lithium aluminum hydride afforded
an interesting family of porphyrinoids that incorporate the dihydro derivative 11.'” Further condensation with
tellurophene subunits. The first example of this class, 21- pyrrole-2-carbaldehyde gave carbatripyrrin 9a (Scheme 1).

tellura-23-thiaporphyrin 3, was reported in 1978 but was Under dilute conditions, mixtures of products were
isolated in very low yields.” Subsequently, efficient routes to obtained, including isomeric derivatives 12a, but under more
telluraporphyrins such as 4 were reported (Figure 1).° concentrated conditions the relatively insoluble carbatripyrrin
Telluraporphyrin 4 is air-sensitive and can be oxidized with precipitates from solution and this drives the equilibrium
m-chloroperbenzoic acid to give the zwitterionic hydroxytellur- toward the formation of tautomer 9a.'” Furfural similarly
aporphyrin § together with an oxaporphyrin (the latter product reacted with 11 under these conditions to give oxacarba-
is derived from §).° Many examples of telluraporphyrins and tripyrrin 9b.'® Reaction of 9a or 9b with furan, thiophene, or
heterotelluraporphyrins were subse%uently reported,” includ- selenophene dicarbinols 13a—c in the presence of boron
ing ditelluraporphyrins 6 (Figure 1).” Ditelluraporphyrins have trifluoride etherate afforded the series of heterocarbaporphyr-
unique properties, and the presence of two tellurophenes ins 14a—c and 15a—c (Scheme 2),'”'® including the first
within the porphyrinoid framework results in one of the rings examples (15b,c) of porphyrin analogues with four different

becoming inverted, although the inverted ring is strongly
pivoted away from the macrocyclic plane. Treatment of 4 with
hydrochloric acid afforded vacataporphyrin 7,” and ditellur-
aporphyrins were used to prepare dideazaaporphyrins
(divacataporphyrins).'”'" Ditelluraporphyrins have also been
used to generate metallaporphyrins such as 8ab.'” Recently,
investigations into telluragorphyrin—type structures have
attracted renewed interest'” and new examples have been
reported, including tellurabenziporphyrins'* and ditelluradia-
zuliporphyrins.'®

types of atoms within the macrocyclic core (CNSO and
CNSeO, respectively).'®"” Diphenyloxacarbaporphyrin 14a
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Figure 1. Telluraporphyrins and selected porphyrin analogues.

Scheme 1. Synthesis of Carbatripyrrins
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and diphenylthiacarbaporphyrin 14b reacted with nickel(II)
acetate or palladium(II) acetate to give organometallic
derivatives 16a,b and 17ab (Scheme 3).**' When 14a and
14b were reacted with nickel(II) acetate in the presence of air,
oxidation products 18a,b were isolated.”” Selenacarbaporphyr-
in 14c failed to give isolable products with nickel(II) acetate
but reacted with palladium(II) acetate to afford the palladium-
(I1) complex 17¢.”” The versatility of this chemistry suggests
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Scheme 2. Synthesis of Heterocarbaporphyrins
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that further examples of heterocarbaporphyrins should be
accessible using this approach.'®'” In this paper, the first
examples of telluracarbaporphyrins and a palladium(II)
derivative are reported.

B RESULTS AND DISCUSSION

Carbatripyrrin 9 was reacted with tellurophene dicarbinol 13d
under nitrogen in the presence of boron trifluoride etherate
(Scheme 2). Following oxidation with 2,3-dichloro-S,6-
dicyano-1,4-benzoquinone (DDQ), the targeted telluracarba-
porphyrin 14d was generated. Purification was achieved by
column chromatography on basic alumina. However, solutions
of 14d proved to be unstable and readily oxidized in the
presence of air.”” It was anticipated that the presence of a large
tellurium atom within a porphyrin-like framework would
significantly distort the macrocycle and reduce the aromatic
characteristics of the system. The UV—vis spectrum of 14d
gave a moderately strong Soret band at 446 nm with a broad
shoulder at 556 nm and a series of poorly defined Q bands at
higher wavelengths. In comparison to thia- and selenacarba-
porphyrins 14b,c,"” the absorption bands are bathochromically
shifted and relatively distorted (Figure 2) and this result is
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Figure 2. UV—vis spectra of thiacarbaporphyrin 14b (red line),

selenacarbaporphyrin 14c (green line), and telluracarbaporphyrin 14d
(blue line) in 1% Et;N—99% CHCl,.

consistent with deformation of the # system. The addition of
trace amounts of TFA gave rise to a new species, attributed to
the monocation 14dH* (Scheme 4), and this showed three

Scheme 4. Protonation of Telluracarbaporphyrins

14d/15d

Ph Ph
14d/15dH* 14d/15dH,%*

Soret-like bands between 400 and 600 nm and a broad
absorption centered at 814 nm (Figure 3). In 10% TFA—90%
chloroform, a strong Soret band emerged at 471 nm and this
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Figure 3. UV—vis spectra of telluracarbaporphyrin in chloroform
(free base, red line), 0.1% TFA—99.9% CHCl; (green line,
monocation 14dH*), and 10% TFA-90% CHCI; (dication
14dH,**, blue line).
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was attributed to the formation of the dication 14dH,*
(Scheme 4). The proton NMR spectrum for 14d in CDCly
gave a 2H singlet for the meso protons (5,20-H) at 10.14 ppm,
while the external pyrrolic protons afforded two 2H doublets at
8.94 and 8.60 ppm and the tellurophene protons produced a
2H singlet at 9.98 ppm. In addition, the internal C—H protons
gave a 1H singlet at —2.58 ppm and N—H afforded a broad
resonance at —2.21 ppm. These results demonstrate that
telluracarbaporphyrin 14d has a strong diamagnetic ring
current that is consistent with an aromatic macrocycle. A
comparison of the proton NMR data with oxa-, thia- and
selenacarbaporphyrins 14a—c'’ indicates that the diatropic
ring current for 14d is slightly reduced (Table 1), but the

Table 1. Selected Proton NMR Resonances (ppm) for
Heterocarbaporphyrins 14a—d and 15a—d

5,20-H 12,13-H 7,18-H 8,17-H 21-H
14a'7 1020 9.04 9.14 8.60 —4.31
14b"7 1023 9.55 9.07 8.73 —4.99
14c"” 1030 9.81 9.06 8.72 —4.49
14d 10.14 9.98 8.94 8.60 -2.58
19 9.97 10.33 8.94 8.49 —2.06

15a'"®  10.00, 10.16  8.81, 9.02 892,941 847,885 —3.75
15b"  10.13, 1025  9.36, 9.59 899,949 865911 —4.00
15¢"®  10.15, 1024 9.65.9.87 9.01,9.44 868,909 —3.86
15d 1021, 1026  10.13, 1025  9.07,9.50  8.68,9.12  —2.58

relatively small changes to the upfield and downfield
resonances imply that 14d still retains a high degree of
aromatic character. The carbon-13 NMR spectrum exhibited a
significant amount of broadening that showed no improvement
at 50 °C. The bridging methine carbons (5,20-CH) gave a
resonance at 111.6 ppm, while the internal CH appeared at
117.9 ppm. The identity of 14d was further confirmed by TOF
ESI HR-MS.

Dilute solutions of 14d in chlorinated solvents rapidly
oxidized to give the related hydroxytelluracarbaporphyrin 19
(Scheme S). This is illustrated for the UV spectra shown in
Figure 4. After 1 h, conversion of 15 to 19 was virtually
complete. Air oxidation was far less efficient for more
concentrated solutions, but a clean conversion was obtained
when solutions of 14d were shaken with 0.1% aqueous ferric
chloride for 5—7 min. The best overall results were obtained
when the crude product from the reaction of carbatripyrrin 9

Scheme S. Air Oxidation of Telluracarbaporphyrin 14d

Ph
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Figure 4. UV—vis spectra of 14d (0.335 uM) in 0.05% Et;N—99.95%
chloroform after 0 min (red), 20 min (green), 40 min (blue), and 60
min (purple) showing the conversion of telluracarbaporphyrin 14d
into hydroxytellurophene derivative 19.

with 13d was shaken with the ferric chloride solution. The
UV—vis spectrum for 19 in chloroform gave a strong Soret
band at 470 nm and weaker absorptions at 313, 516, and 715
nm (Figure S). Addition of trace amounts of TFA (10 equiv)
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Figure 5. UV—vis spectrum of hydroxytelluracarbaporphyrin 19 in
chloroform free base, (red line) and 0.05% TFA—99.95% chloroform
(monocation 19H", green line).

gave a new species with a Soret band at 474 nm and additional
absorptions at 330, 548, and 752 nm. This was attributed to
the formation of monocation 19H'. The proton NMR
spectrum for 19 in CDCly (Figure 6) showed the meso
protons (5,20-H) at 9.97 ppm, while the tellurophene protons
(12,13-H) were shifted downfield to 10.33 ppm (Table 1).
The internal C—H gave a singlet at —2.06 ppm, while the O—
H resonance appeared further upfield at —3.82 ppm.
Significant shifts in these resonances were noted at higher
concentrations, but the results clearly demonstrate that the
system retains strongly diatropic characteristics. In the carbon-
13 NMR spectrum, the 5,20-carbons appeared at 118.8 ppm
and the internal C—H was identified as a resonance at 127.2

9836

In principle, the oxidation product could also be assigned to
tellurophene oxide 20. The structure of 19 was confirmed by
X-ray crystallography, as this clearly identified the OH unit
(Figure 7). Surprisingly, the molecular structure of 19 shows
that the porphyrinoid is only slightly distorted from planarity.
Relative to the mean 18-annulene plane, which includes both
nitrogen atoms, the pyrrole rings are tilted $5.38(7) and
8.22(5)°, the indenyl moiety is canted by $.12(3)°, and the
tellurophene unit is rotated by —6.79(4)°. However, the rms
distance all framework atoms lie from the mean 18-annulene
plane is 0.125 A with C21 0.213(3) A above and Te atom
0.3253(3) A below the mean plane. The distances between the
tellurium atom and the two adjacent pyrrolic nitrogens are
2.521(2) and 2.587(2) A, values that are consistent with the
presence of covalent bonds to a hypervalent five-coordinate
tellurium. This interaction may be responsible for the
unexpected planarity of the ring system. With the exception
of the Te—N, C1-C2, and C3—C4 bond lengths, a Mogul
geometry check validated all bond distances to be within
typical ranges.”” The 1.482(4) A (C1-C2) and 1.484(4) A
(C3—C4) bond lengths are longer than the average (1.45(1)
A) for fully delocalized indenyl systems and are consistent
more with single-bond lengths, suggesting that the 7 system for
the benzo unit is isolated from the main macrocyclic 7 system.
The remainder of the framework has bond distances that are
consistent with an overall aromatic 18-7-electron delocalization
pathway.

The reaction of telluracarbaporphyrin 14d with palladium-
(I) acetate in chloroform—acetonitrile at room temperature
gave the dark red palladium(II) complex 17d in 42% yield
(Scheme 3). The best overall yields could be obtained by
treating the crude product from the reaction of 9 and 13d with
palladium(II) acetate, and 17d was isolated in 16% yield over
the two reaction steps. Although palladium complexes of oxa-,
thia-, and selenacarbaporphyrins have been reported pre-
viously,”” the formation of a metal complex with a CNTeN
coordination core is unique. The complex proved to be very
stable but gave broad bathochromically shifted absorptions in
its UV—vis spectrum in comparison to the related thia- and
selenacarbaporphyrin complexes 17b,c (Figure 8). The proton
NMR spectrum of 17d in CDCl; (Figure 9) shows that the
macrocycle still possesses a diamagnetic ring current, as the
meso protons (5,20-H) give rise to a downfield singlet at 9.76
ppm. However, the tellurophene protons (12,13-H) shifted
upfield to 8.82 ppm, and the pyrrolic protons appeared as two
2H doublets at 8.76 and 8.25 ppm, indicating a decrease in the
diatropicity of the macrocycle. At 32 °C, the phenyl groups
gave very broad resonances between 6.5 and 7.5 ppm, but
these coalesced at 5SS °C (Figure 9). This observation indicates
that the aryl substituents have hindered rotation. In the
carbon-13 NMR spectrum, the bridging methine carbons
(5,20-CH) gave a peak at 122.1 ppm, while the external
tellurophene carbons (12,13-CH) produced a downfield
resonance at 153.0 ppm.

The structure of palladium complex 17d was confirmed by
X-ray crystallography (Figure 10). In this structure, the
tellurophene ring is strongly pivoted away from the mean
macrocyclic plane. The palladium(II) center in 17d resides in a
distorted-square-planar coordination environment with
1.990(5) A (Pd—C21), 2.077(5) A (Pd—N22), 2.5468(5) A
(Pd—Te), and 2.062(5) A (Pd—N24) bond lengths. The Pd—
C and Pd—N bond lengths are similar to those observed for
the analogous selenium-containing complex.” The 129
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Figure 6. 500 MHz proton NMR spectrum of 19 in CDCl; at 50 °C.
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Figure 7. Color POV-Ray rendered Mercury-ORTEP III drawing
(50% probability level, hydrogen atoms rendered arbitrarily small for
clarity) of hydroxytelluracarbaporphyrin 19.

examples (74 structures) in the Cambridge Structural Database
(v 542) containing an R,Te—PdL, fragment indicate the
typical palladium(II) to tellurium bonding distance is 2.54(4)
A; thus, the Pd—Te distance in this palladated tellurophene
appears to be within the normal range. As for selenium
analogue 17¢, the large Te atom forces the tellurophene ring to
substantially rotate, by 49.2(1)°, relative to a reference plane
defined by the 19 framework carbon atoms C1-Cl11 and
C14—C21. However, this is much larger than the 36.0°
rotation of the selenophene ring observed for 17c¢, and the
increased distortion may be responsible for the broadened
electronic absorption spectrum and reduced diatropic ring
current observed for 17d. The pyrrole to reference plane ring
tilts are 3.4(2) and 6.2(2)°, and the indene to reference plane
tilt is 3.9(1)°. The tellurophene ring cant places the tellurium
atom 0.6513(4) A away from the Pd1,C21,N22,N24 plane and
gives rise to the nonlinear 165.4(1)° C21—Pd1—Te23 bond

Figure 8. UV—vis spectra of palladium(II) complexes 17b (red line),
17¢ (green line), and 17d (blue line).
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Figure 9. Proton NMR spectrum of palladium complex 17d in CDCl;

at 55 °C.
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Figure 10. Color POV-Ray rendered Mercury-ORTEP III drawing (50% probability level, hydrogen atoms rendered arbitrarily small for clarity) of

palladium complex 17d.

angle. The 92.1(3)° (C21-Pd1-N22), 91.5(3)° (C21-Pd1—
N24), and 173.0(2)° (N22—Pd1—N24) bond angles are all
more typical for four-coordinate palladium(II). The distended
1.486(9) A (C1-C2) and 1.480(9) A (C3—C4) bond lengths
again indicate that the 7 system for the benzo unit is isolated
from the main macrocyclic 7 system. A Mogul geometry check
validated all bond distances, apart from the unique Pd—Te
bond (no hits), to be within typical ranges.23

Tellurophene dicarbinol 13d was also reacted with
oxacarbatripyrrin 9b in the presence of boron trifluoride
etherate, followed by oxidation with DDQ (Scheme 2).
Although the resulting telluraoxacarbaporphyrin 15d was
only isolated in 4.9% vyield, the new system proved to be
stable and was not prone to air oxidation. This structure has
four different elements within the porphyrinoid core and is
only the third example of this type to be reported.'® The UV—
vis spectrum of 15d was broadened and distorted in
comparison to oxathiacarbaporphyrin 15b and oxaselenacarba-
porphyrin 15c (Figure 11). Nevertheless, a weakened Soret
band was present at 440 nm, and Q bands could be identified
at 657 and 717 nm. Addition of TFA afforded the protonated
species 15dH", and this gave rise to two Soret-like bands at
443 and 514 nm, together with a broad absorption at 796 nm
(Figure 12). Interestingly, the proton NMR spectrum of 15d in
CDCl, (Figure 13) indicated that the oxatelluracarbaporphyrin
had a diamagnetic ring current equally strong as those of 15a—
c (Table 1). The meso protons (5,20-H) gave two 1H singlets
at 10.24 and 10.20 ppm, while the tellurophene protons
afforded two 2H doublets at 10.25 and 10.13 ppm, and the
furan and pyrrole protons appeared as four 1H doublets at
9.48, 9.11, 9.07, and 8.68 ppm. The assignments for the meso
protons were ambiguous. The peak at 10.24 ppm gave an NOE
correlation with a doublet at 9.48 ppm, while irradiation of the
resonance at 10.20 ppm enhanced the doublet at 9.07 ppm.
Hence, assignment of the meso protons would in turn allow the
protons on the furan and pyrrole rings to be identified. In
order to address this problem, deuterated furfural 21 was
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Figure 11. UV—vis spectra of oxathiacarbaporphyrin 15b (red line),
oxaselenacarbaporphyrin 1Sc (green line), and oxatelluracarbapor-

phyrin 15d (blue line).

reacted with dihydrofulvene 11 and KOH in refluxing ethanol
for 10 min (Scheme 6). The oxacarbatripyrrin product 9b®
proved to be only partially deuterated (ca. 60%), and the loss
of deuterium was attributed to tautomer 22 being present at
low concentrations. The reaction of 9b® with dicarbinol 13d in
the presence of boron trifluoride etherate, followed by
oxidation with DDQ, gave the labeled oxatelluracarbaporphyr-
in 15d°. No further loss of label was observed under these
reaction conditions. As the singlet at 10.24 ppm was reduced in
intensity, this resonance was assigned to meso proton 5-H, and
the doublet at 9.48 ppm therefore corresponded to furan
proton 7-H. The carbon-13 NMR spectrum showed the
internal CH at 125.6 pm, while the bridging methine protons
appeared at 116.0 (20-CH) and 105.3 (5-CH) ppm. The last
two assignments relied on a labeling study together with the
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Figure 12. UV—vis spectra of oxatelluracarbaporphyrin 15d in
chloroform (red line), 0.05% TFA—99.95% chloroform (green line),
0.1% TFA—99.9% chloroform (blue line), and 0.5% TFA—99.5%
chloroform (purple line) showing the gradual formation of
monocation 15dH".

HSQC spectrum. Additional support for the structure of 15d
was obtained by TOF ESI HR-MS.

B COMPUTATIONAL STUDIES

In order to gain a deeper understanding of the bonding,
conformations, and aromatic characteristics of these hetero-
carbaporphyrins, DFT studies were conducted. A series of
unsubstituted heterocarbaporphyrins, 23a—d and 24a—d, were
considered with furan, thiophene, selenophene, and tellur-
ophene subunits (Figure 14). In addition, the related diphenyl-
substituted porphyrinoids 14a—d and 15a—d were also
investigated. Geometry optimization was performed using
MO06-2X with a 6-31+G** basis set. Se and Te were both
modeled using the LANL2DZ basis set. Full details of these
methods appear in the Experimental Section, and the complete
results are disclosed in the Supporting Information. The
tellurophene systems are primarily emphasized here. It was
anticipated that 23-telluracarbaporphyrin 23d would be highly
distorted due to the presence of the large tellurium atom.
When the dihedral angles between rings a, b, ¢, and d are
considered, it is evident that 23d shows the greatest divergence

Scheme 6. Synthesis of a Partially Deuterated
Oxacarbaporphyrin

1. BF3 ELO
13d lz. DDQ

Ph

23 24
a.X=0;b.X=8;c. X=8e;d. X=Te

Figure 14. Unsubstituted heterocarbaporphyrins.

from planarity, followed by 23c and 23b (Table 2).
Oxacarbaporphyrin 23a shows the smallest amount of
distortion, although significant ring tilts are still present. It
was particularly noteworthy that the tellurophene unit (ring c)
in 23d is virtually coplanar with the adjacent pyrrolenine ring
(d) and that it is the pyrrole and indene rings that are canted
away from the mean ring plane (Figure 15). Diphenylporphyr-
inoids 14a—d show similar trends. Analyses of the bond
lengths in 23d are consistent with an aromatic system, and the
C—Te bond lengths were very similar to the value 2.046 A that
was reported™* for tellurophene itself (Figure 16). However,
the short distance (2.391 A) between the tellurium and ring d
nitrogen indicates that a covalent interaction is involved. The
calculated Te—N distance for the diphenyl version 14d was
2.397 A (Figure 17). This type of interaction explains why
rings ¢ and d are virtually coplanar in these structures. Covalent

5-H 21-H
l 4 x m-H
20-H
/ 18-H 4xo0-H 2x p-H
17-H
telluro- I I
phene-H 26 ppm o 8-H 2232.H
tellurophene-H
2",3"-H
_ ULH_ M )
T T T T T T T T T T T T T
10.2 10.0 9.8 9.6 9.4 9.2 8.8 8.6 84 8.2 8.0 78 ppm

Figure 13. Proton NMR spectrum of oxatelluracarbaporphyrin 15d in CDCl,.
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Table 2. Calculated Dihedral Angles (deg) for
Heterocarbaporphyrins 23a—d and 24a—d

molecule dihedral ab dihedral bc dihedral cd dihedral da av dihedral
23a 5.66 -0.26 1.98 —7.46 3.84
23b 4.12 —1.41 9.27 —12.69 6.87
23c 4.74 —-2.07 13.93 —17.28 9.51
23d —12.38 1.70 —19.20 28.39 15.42
24a 0.00 0.00 0.00 0.00 0.00
24b 0.00 0.00 0.00 0.00 0.00
24c 0.00 0.00 0.00 0.00 0.00
24d —16.33 0.60 —-1.23 15.16 8.33
23aH* 16.97 -5.35 5.36 —16.98 11.17
23bH* —-17.77 15.52 —15.54 17.79 16.66
23cH* —16.55 25.36 —25.34 16.52 20.94
23dH* —14.63 32.97 —34.77 14.64 24.25
24aH"* 10.42 -3.99 0.65 —7.28 5.59
24bH* —-16.31 11.86 -3.29 6.71 9.54
24cH* —17.09 19.76 —9.34 5.43 1291
24dH* 12.29 —32.62 22.97 —-1.79 17.42

interactions of this type have previously been proposed for
heterotelluraporphyrins such as 3,” and hypervalent tellurium
species have been well documented in the literature.”

Protonation of these structures to give the related cations
14H" and 23H" considerably alters the conformations of these
structures. Protonation of the nitrogen prevents covalent
interactions with the tellurium atom in 23dH*, and for this
reason the tellurophene ring is no longer held within the
macrocyclic plane (Figure 18) and the dihedral angles between
all of the subunits are greatly increased. Distortions to the
macrocycle are seen in 23a—c due to increased crowding
within the porphyrinoid cavity, and these increase in direct
response to the size of the heteroatom. Protonated
diphenylheterocarbaporphyrinoids 14a—d showed similar
effects.

22-Oxaheterocarbaporphyrins 24a—d and their diphenyl
congeners 15a—d were also examined. The conformations of
24a—c are planar (Table 2), although the related diphenylpor-
phyrinoids 15a—c show significant divergence from planarity.
For the unsubstituted series 24a—d, only oxatelluracarbapor-
phyrin 24d is significantly distorted (Figure 15), and this is
further exacerbated for the diphenyl version 15d. Importantly,
it is the indene moiety that is pivoted from the macrocyclic
plane and the tellurophene unit is essentially coplanar with the
furan and pyrrole rings in both 15d and 24d. The distances
between the tellurium and nitrogen atoms are 2.455 A in 24d
and 2.462 A in 15d (Figures 16 and 17), implying that these

atoms are connected by a covalent bond. The Te—O
internuclear distances for 24d and 15d are 2.743 and 2.739
A, respectively, suggesting that there is also a weaker covalent
interaction between these atoms as well. Therefore, hyper-
valent tellurium interactions appear to substantially affect the
conformations of telluracarbaporphyrins and oxatelluracarba-
porphyrins. The rest of the macrocycle’s bond lengths are
consistent with an aromatic system where the 7 system of the
benzo unit is disconnected from the 18-7-electron delocaliza-
tion pathway. Protonation of these porphyrinoids leads to
further distortions. In cations 1SdH" and 24dH*, the
tellurophene unit is pivoted away from the rest of the
macrocycle (Figure 18) as there can no longer be any covalent
interactions between the tellurium and the other heteroatoms.

The aromatic characters of heterocarbaporphyrins were
assessed using nuclear independent chemical shift (NICS)
calculations™® and anisotropy of induced current density
(AICD) plots,”” methods we have previously applied to
related porphyrinoid systems.”*™>* NICS(0) calculations are
commonly used to identify the aromatic characteristics of
porphyrinoid systems, but the results can be misleading, as the
effects of both the ¢ and 7 electrons are included. NICS,,
calculations carried out 1 A above the ring (NICS(1),,)
emphasize contributions from the 7 system, and this method is
a more reliable indicator of macrocyclic diatropicity. In this
work, both NICS and NICS,, results were calculated. Both
methods demonstrated that 23-heterocarbaporphyrins 23a—d
possess strongly diatropic properties (Table 3). The NICS(1),,
values indicate that telluracarbaporphyrin 23d has a slightly
reduced diatropic ring current, although this is not mirrored in
the NICS(0) calculations. The NICS(0) and NICS(1),, values
for the individual rings in 23a—d show large negative values for
pyrrole ring d and furan ring ¢, but pyrrolenine ring b gave
greatly reduced negative values and ring a afforded a positive
result. These data indicate that an 18-7-electron delocalization
pathway is favored that passes around the outside of rings ¢ and
d but primarily runs through the interior of ring b and
exclusively goes through the inside portion of the indene ring
(Table 3). The benzo units (ring e) behave like isolated
benzene rings. The results for heterooxacarbaporphyrins 24a—
d indicate that a similar 18-z-electron circuit is present that
passes inside rings a and b and on the outside of rings ¢ and d
(Table 4). The corresponding diphenylporphyrinoids 14a—d
and 15a—d showed comparable results.

The NICS(0) and NICS(1),, results for dications 23a—dH"*
and 24a—dH" showed that a rather different conjugation
pathway was present (Tables 3 and 4). The macrocycles
retained strongly aromatic characteristics, but the NICS(0)
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Figure 15. Conformations of telluracarbaporphyrin 23d (right) and oxatelluracarbaporphyrin 24d (left).
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Figure 17. Calculated bond lengths for diphenyltelluracarbaporphyrin 14d (right) and oxatelluracarbaporphyrin 15d (left).

and NICS(1),, values were both diminished for the
telluracarbaporphyrin cations 23dH* and 24dH". When the
values for the individual rings were considered, it was apparent
that the favored aromatic pathway extended around the
outside of rings b—d and only passed through the inside of ring
a. The pathway is best considered to be a 19-atom 18-7-
electron circuit as shown in Figure 19. Similar results were
obtained for diphenylcarbaporphyrinoid cations 14a—dH" and
15a—dH".

AICD plots were obtained for all of these structures. Free
base telluracarbaporphyrin 23d and telluracarbaporphyrin 24d
are shown in Figure 20, and these results are consistent with
the proposed delocalization pathways. Furthermore, the AICD
plots for cations 23dH* and 24dH* clearly show the
delocalization pathway extending around rings b—d (Figure
21). It is also clear from these figures that the benzo units are
not significantly interacting with the rest of the 7 system.

9841

The oxidation products derived from telluracarbaporphyrins
were also investigated. The energies (AG) for hydroxytellur-
acarbaporphyrins and the tautomeric tellurophene oxides were
contrasted, and as expected the hydroxytelluracarbaporphyrins
were favored. When the unsubstituted hydroxytellurophene
porphyrinoid 25 was considered, two conformational minima
(A and B) could be detected for the corresponding
tellurophene oxides 26 (Table S). The more stable of these
conformations was still 12.29 kcal/mol higher in energy than
the hydroxy tautomer. Although a similar trend can be
observed for the diphenyl congeners 19 and 20, some
important differences emerged between the substituted and
unsubstituted structures. Unsubstituted hydroxy tautomer 25
pivots the OH group away from the macrocyclic cavity and
shows little sign of covalent interactions between the nitrogens
and the tellurium atom. However, the calculated conforma-
tional minimum for diphenyl congener 19 has the OH oriented
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Figure 18. Conformations of monoprotonated telluraporphyrinoids
23dH" (top) and 24dH"* (bottom).

into the cavity and has short N—Te separations, in agreement
with the X-ray crystal structure. Notably, this leads to a much
larger difference in the energies where 19 is favored over 20
(again there are two conformational minima) by ca. 30 kcal/
mol (Table 5).

NICS(0) and NICS(1),, calculations for hydroxytelluracar-
baporphyrins and the related tellurophene oxides indicate that
the aromatic ring currents are diminished, particularly in the
unsubstituted series (Table 6). Diphenyl hydroxytelluracarba-
porphyrin 19 gave the largest negative NICS(1),, value of
—20.18 ppm. An analysis of the values for the rings a—d
indicates that the dominant circuit involves an anionic 17-atom
18-7-electron pathway (Figure 19). AICD plots for 19 and 25
were also consistent with this supposition (Figure 22). On the

other hand, oxides 20A,B and 26A,B favor a more conven-
tional 18-atom pathway that passes through the inside of rings
a and b and the outside of rings ¢ and d.

B CONCLUSIONS

The first examples of telluracarbaporphyrins have been
synthesized. A diphenyltelluracarbaporphyrin with a CNTeN
core proved to be very sensitive to air oxidation and afforded a
related hydroxytelluracarbaporphyrin. However, an oxatellur-
aporphyrin with a CNTeO core did not undergo oxidations of
this kind. All three structures, including the hydroxytellur-
ophene system, exhibited strongly diatropic characteristics,
although their UV—vis spectra were broadened and bath-
ochromically shifted compared to other heterocarbaporphyr-
ins. The tellurium atom in these macrocycles appears to be
involved in hypervalent interactions with core nitrogen atoms.
This was supported by the X-ray crystal structure for the
oxidation product, as well as by DFT studies. Diphenyltellur-
acarbaporphyrin also reacted with palladium(II) acetate to give
an organometallic derivative where the palladium cation is
coordinated to all four atoms in the CNTeN core. The results
show that tellurium-containing porphyrinoids have unusual
and intriguing characteristics, while demonstrating useful
trends in heterocarbaporphyrin systems.

B EXPERIMENTAL SECTION

Melting points are uncorrected. NMR spectra were recorded using a
400 or 500 MHz NMR spectrometer and were run at 302 K unless
otherwise indicated. "H NMR values are reported as chemical shifts ,
relative integral, multiplicity (s, singlet; d, doublet; t, triplet; q,
quartet; m, multiplet; br, broad peak), and coupling constant (J).
Chemical shifts are reported in parts per million (ppm) relative to
CDCl; ("H residual CHCI, singlet & 7.26, '*C CDCI, triplet & 77.23),

Table 3. NICS(0) and NICS(1),, Values (ppm) for Unsubstituted Heterocarbaporphyrins 23a—d and 24a—d

23a 23b 23¢ 23d
NICS(0) | NICS(01).. ~12.83 [ —32.47 ~13.57[-32.67 ~13.21[-29.77 ~14.58 2258
NICS(a) | NICS(al). +08.54 | +19.91 +07.96 | +17.66 +07.10 | +11.64 +04.98 | +15.34
NICS(b) | NICS(b1).. ~01.69 | —11.98 ~01.71 | -11.14 ~01.92 | ~14.06 ~03.77 | -12.14
NICS(c) | NICS(c1). ~15.63 | —38.64 ~15.57|-32.16 ~14.04 | -36.37 ~10.80 | ~15.57
NICS(d) | NICS(d1). ~14.23|-37.17 ~14.74 | —42.66 ~14.90 | -27.94 ~14.45 | -40.65
NICS(e) [NICS(el),, | —04.65|—17.04 ~04.87 | ~17.78 ~05.18 | ~19.71 ~05.78 | ~17.22

24a 24b 24c 24d
NICS(0) [NICS(01), | —13.52| 3420 1472 | -34.96 ~14.81-32.10 216.05 | -31.93
NICS(a) | NICS(al),, |  +10.93 |+22.47 +10.51 | +21.31 +09.72 | +19.32 +06.55 | +10.45
NICS(b) | NICS(bl),, |  —00.69 | —09.85 ~01.33 [-11.01 ~01.67|-11.78 ~03.05 | ~14.83
NICS(c) |NICS(cl)r | —15.73 | ~41.09 ~15.60 | ~36.20 ~13.80 | -30.79 ~10.02 | -26.50
NICS(d) | NICS(d1)z. | —16.94 | —43.29 —17.27|-43.75 —17.32|-43.49 —16.63 | —41.99
NICS(e) | NICS(el), | —03.93|—16.18 ~04.08 | ~16.58 ~04.35|-17.35 ~05.23|-19.11
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Table 4. NICS(0) and NICS(1),, Values (ppm) for Unsubstituted Monoprotonated Heterocarbaporphyrins 23a—dH* and

24a—dH*

23aH* 23bH* 23¢H* 23dH*
NICS(0) | NICS(01).. ~14.03 | -34.41 ~14.21[-33.49 ~13.86 [ -35.08 ~13.20—26.77
NICS(a) | NICS(al)., +08.96 | +26.56 +09.85 | +26.87 +09.18 [ +15.11 +08.46 | +23.27
NICS(b) | NICS(b1). ~13.09 | -37.95 ~13.16 | —40.49 ~12.89 | -28.77 ~12.54|-34.56
NICS(c) [NICS(cl) | —17.18|-39.37 ~18.15 | -30.52 ~18.39 | 62.63 ~18.07 | -38.29
NICS(d) | NICS(d1).z | —13.08|-37.92 ~13.16 | —40.50 ~12.90 | -28.75 ~12.54|-34.55
NICS(e) [NICS(el) | —04.90 | —15.61 ~04.64 | ~15.58 ~04.83 | -18.51 ~05.12 | -16.91

24aH* 24bH* 24cH" 24dH"
NICS(0) [NICS(01),, | —14.02]—35.84 ~14.69 | —35.06 ~14.90 | -35.95 ~13.98 2852
NICS(a) | NICS(al)., |  +12.63|+24.76 +12.67 | +30.84 +12.31]+23.32 +11.95 | +28.30
NICS(b) | NICS(b1). ~12.68 | —29.31 ~13.30 | —42.13 ~13.46 | —26.17 ~13.02 | -37.51
NICS(c) | NICS(c1).. ~16.73 | ~44.69 ~17.26 | ~34.70 ~17.24 | —45.39 ~17.63 | -31.51
NICS(d) | NICS(d1)z. ~16.87 | —43.38 ~16.51 | -41.71 ~16.43 | —45.39 ~15.91 | -35.51
NICS(e) | NICS(el).. ~03.72| ~15.56 ~03.69 | —14.28 ~03.78 | ~15.78 ~04.01 | ~15.43

23a-dH*Y = NH 25
24a-dH*'Y =0

Figure 19. Proposed conjugation pathways in monoprotonated
heterocarbaporphyrin cations 23a—dH*/24a—dH" and hydroxytellur-
acarbaporphyrin 25.

and coupling constants were taken directly from the spectra. NMR
assignments were made with the aid of 'H—'H COSY, HSQC,
DEPT-135, and NOE difference proton NMR spectroscopy. 2D
experiments were performed using standard software. High-resolution
mass spectra (HRMS) were obtained using a double-focusing
magnetic sector instrument. 'H and '*C NMR spectra for all new
compounds are reported in the Supporting Information.

10,15-Diphenyl-23-tellurabenzo[b]carbaporphyrin (14d).
Carbatripyrrin 9a (S0 mg, 0.184 mmol) and tellurophene dicarbinol
13d (72.1 mg, 0.184 mmol) were stirred with dichloromethane (300
mL) and flushed with nitrogen for 10 min. A 10% boron trifluoride
etherate solution in dichloromethane (125 uL) was added over
several minutes, and the resulting mixture was stirred in the dark
under a nitrogen atmosphere for 2 h. DDQ (83 mg, 0.366 mmol) was
added, and the solution was stirred for an additional 30 min. The
resulting mixture was washed with water and dried over sodium
sulfate and the solvent removed under reduced pressure. The residue
was purified on a grade 3 basic alumina column with dichloromethane
as eluent, and a large brown band was collected. The solvent was
removed under reduced pressure, and the residue was further purified
on a grade 2 basic alumina column, with 2% ethyl acetate—98%
toluene as eluent with a gradual increase in the polarity to 15% ethyl
acetate—85% toluene. On the column, the product appeared as a
green band but was collected as an orange-red solution. Evaporation
of the solvent under reduced pressure gave diphenyltelluracarbapor-
phyrin 14d (31.3 mg, 0.0437 mmol, 27%) as a dark air-sensitive solid:
mp >300 °C dec. UV—vis (0.335 uM 14d in 1% Et;N—99% CH,CL,):

Figure 20. AICD plots (isovalue 0.0S) for telluracarbaporphyrin 23d (left) and oxacarbatelluraporphyrin 24d (right).
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Figure 21. AICD plots (isovalue 0.05) for telluracarbaporphyrin cation 23dH" (left) and oxacarbatelluraporphyrin 24dH" (right).

Table S. Calculated Relative Energies (AG, kcal/mol) of Hydroxytelluraporphyrins and Their Tellurophene Oxide Tautomers
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Amae (Iog €) 284 (4.48), 446 (4.85), 639 (3.83), 568 (sh, 3.99), 713
(sh, 3.57). UV—vis (0.335 uM 14d in 0.1% TFA—99.9% CH,Cl,):
Amax (log €) 269 (4.39), 348 (4.40), 393 (4.32), 446 (4.58), 527
(4.61), 555 (4.62), 814 (4.05). UV—vis (0.127 uM 14d in 1% TFA—
99% CHCL,): Ay, (log €) 272 (4.33), 304 (sh, 4.28), 324 (sh, 4.33),
348 4.36), 393 (4.30), 445 (4.58), 526 (4.63), 556 (4.65), 817 (4.10).
UV—vis (0.127 uM 14d in 10% TFA—90% CHCL): 4., (log &) 271
(425), 325 (4.26), 471 (5.05), 611 (sh, 4.07), 639 (4.08), 710 (sh,
3.99). '"H NMR (CDCI;, 500 MHz): § 10.14 (s, 2H, 5,20-H), 9.98 (s,
2H, 12,13-H), 8.94 (d, 2H, [,y = 4.4 Hz, 7,18-H), 8.65—8.62 (m,
2H, 2',3!-H), 8.60 (d, 2H, *Jyy = 4.3 Hz, 7,18-H), 8.27 (d, 4H, [y =
7.5 Hz, 4 X 0-H), 7.84 (t, 4H, *Jyy = 7.5 Hz, 4 x m-H), 7.75 (t, 2H,
Jau = 7.5 Hz, 2 X p-H), 7.70—7.66 (m, 2H, 2%3%-H), —2.21 (br s,
1H, NH), —2.58 (s, 1H, 21-H). {*"H}"*C NMR (CDCl,, 125 MHz): §
142.1, 140.6, 140.5 (12,13-CH), 136.3, 135.5, 134.6 (4 X o-CH),
129.0, 128.5 (4 x m-CH), 128.3 (2 X p-CH), 127.4 (2%,3*-CH), 126.5
(8,17-CH), 120.9 (2,3'-CH), 117.9 (21-CH), 111.6 (5,20-CH). HR-
MS (ESI) m/z: [M + HJ]* caled for C4,N,N,Te, 627.1080; found,
627.1083.
10,15-Diphenyl-23-hydroxy-23-tellurabenzo[b]-
carbaporphyrin (19). Carbatripyrrin 9a (50 mg, 0.184 mmol) and
tellurophene dicarbinol 13d (72.1 mg, 0.184 mmol) were reacted
under the aforementioned conditions. The crude product was shaken
with a 0.1% aqueous ferric chloride solution for 5—7 min and then
washed sequentially with water, 5% sodium bicarbonate, and water.
Purification by column chromatography on grade 3 basic alumina
with 2—5% ethyl acetate—98—95% toluene as eluent gave a green
solution. Recrystallization form chloroform—methanol gave 19 (29.7
mg, 0.0462 mmol, 25%) as a dark solid: mp >300 °C. UV—vis (0.124

4M 19 in CHCL): 4,,.. (log £) 313 (4.51), 353 (sh, 4.22), 470 (4.89),
516 (4.45), 612 (sh, 3.74), 648 (sh, 3.80), 715 (4.32). UV—vis (0.124
UM 19 in 0.05% TFA—99.95% CHCL,): 4, (log &) 268 (4.47), 330
(4.45), 474 (4.93), 548 (4.34), 684 (sh, 3.92), 752 (4.30). UV—vis
(0.124 uM 19 in 10% TFA—90% CHCL,): A, (log ) 476 (4.95),
642 (4.08). "H NMR (CDCl;, 500 MHz): § 10.33 (s, 2H, 5,20-H),
9.97 (s, 2H, 12,13-H), 8.94 (d, 2H, *Jqy = 4.1 Hz, 7,18-H), 8.51—-8.49
(m, 2H, 2,3'-H), 8.49 (d, 2H, *J;3; = 4.1 Hz, 7,18-H), 8.20 (br d, 4H,
4 X 0-H), 7.84 (t, 4H, 3Jyy = 7.5 Hz, 4 X m-H), 7.76 (t, 2H, [y =
7.5 Hz. Two X p-H), 7.62—7.59 (m, 2H, 22,3%-H), —2.06 (s, 1H, 21-
H), —3.82 (s, 1H, OH). {"H}!*C NMR (CDCl,, 50 °C, 125 MHz): §
154.3, 147,5. 140.8, 139.1, 137.7, 137.0, 135.7 (7,18-C), 135.6 (12,13-
CH), 133.0 (4 X 0-CH), 128.7 (4 X m-CH), 128.5 (2 X p-CH), 127.2
(21-CH), 126.5 (2%3*CH), 126.2 (8,17-CH), 120.1 (2',3'-CH),
118.8 (5,20-CH). HR-MS (ESI) m/z: M* caled for C;7N,,N,OTe,
642.0951; found, 642.0970.

10,15-Diphenyl-22-oxa-23-tellura-21-carbabenzol[b]-
porphyrin (15d). Oxacarbatripyrrin 9b (50.2 mg, 0.0184 mmol) and
tellurophene dicarbinol 13d (72.1 mg, 0.0184 mmol) were dissolved
in dichloromethane (300 mL) under nitrogen and stirred for several
minutes. A 10% solution of BF;-Et,O in dichloromethane (125 uL)
was added dropwise over S min. The mixture was then stirred under
nitrogen for 2 h. DDQ (83 mg) was added and the mixture stirred for
an additional 30 min. The solution was then washed with water and
dried over sodium sulfate and the solvent evaporated. The residue was
purified by column chromatography on grade 2 basic alumina with
dichloromethane as eluent and rechromatographed on grade 2 basic
alumina with 2:1 hexanes—dichloromethane as eluent. Evaporation of
the solvent gave the oxatelluracarbaporphyrin (5.6 mg, 8.96 umol,
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Table 6. Calculated NICS(0) and NICS(1),, Values (ppm) for Hydroxytelluraporphyrins and Their Tellurophene Oxide

Tautomers

s

s

e

25 26A 26B

NICS(0) | NICS(I) —06.95 | 1441 —04.28 | —06.30 —08.74 | ~11.58
NICS(a) | NICS(a) 402.70 | +03.13 +02.97 | +03.74 +04.97 [ +07.67
NICS(b) | NICS(b).. —04.54 | ~15.74 —00.77 | —09.80 —02.10 | -13.82
NICS(c) | NICS(c).. —13.86|-38.16 —06.23 | -33.51 —09.32 | —35.24
NICS(d) | NICS(d).. —04.54 |-15.74 —11.93 | —24.09 —11.59 | -32.29
NICS(e) | NICS(€). —06.52 | 22.84 ~06.76 | ~23.19 ~06.10 [ —20.19

NICS(0) | NICS(1)z ~13.33]-20.18 —05.58 | —09.80 —10.44 [ -14.49
NICS(a) | NICS(a).. +03.51 | +08.48 +03.79 | +05.49 405.87 | +09.89
NICS(b) | NICS(b)... —06.64 [ 20.71 —00.83 | —08.20 —02.00 | —11.11
NICS(c) | NICS(c).s —13.44|—32.85 —06.44 | 3547 —09.59 | -35.16
NICS(d) | NICS(d)z —05.94 | —19.82 ~12.35|23.18 “11.44[-31.70
NICS(e) | NICS(). —06.22 | —18.27 —06.44 | —22.63 —05.70 | 2047

Figure 22. AICD plots (isovalue 0.05) of hydroxytelluracarbaporphyrin 25 and its diphenyl congener 19.

4.9%) as a brown solid. UV—vis (0.144 uM 15d in CH,CL,): A,,., (log
£) 278 (4.34), 315 (sh, 4.14), 440 (4.72), 537 (sh, 3.88), 657 (3.36),
717 (2.87). UV—vis (0.144 uM 15d in 0.1% TFA—99.9% CH,Cl,):
Amae (log €) 270 (4.29), 339 (4.24), 443 (4.56), 514 (4.60), 796
(3.91). UV—vis (0.144 uM 15d in 50% TFA—50% CH,Cl,): 4., (log
) 258 (4.xx), 274, 335, 447, 482, 724. '"H NMR (CDCl;, 500 MHz):
51025 (d, 1H, [y = 6.2 Hz, 12- or 13-H), 10.24 (s, 1H, 5-H),
10.20 (br s, 1H, 20-H), 10.13 (d, 1H, 3Jyy = 6.2 Hz, 12- or 13-H),
9.48 (d, 1H, ¥Jyy = 4.3 Hz, 7-H), 9.11 (d, 1H, *Jyy = 4.3 Hz, 8-H),
9.07 (d, 1H, ¥Jyy = 4.3 Hz, 18-H), 8.68 (d, 1H, *Jyy; = 4.3 Hz, 17-H),
8.60—8.56 (m, 2H, 2',3'-H), 8.26—8.23 (m, 4H, 4 X 0-H), 7.85—7.81
(m, 4H, 4 X m-H), 7.79—7.73 (m, 2H, 2 X p-H), 7.68—7.61 (m, 2H,
223%2.H), —2.58 (br t, 1H, 21-H). {'"H}'*C NMR (CDCl,, 125 MHz):
5 158.0, 156.5, 156.3, 152.1, 151.8, 144.6, 142.5, 142.3 (12- or 13-
CH), 141.5, 140.5 (12- or 13-CH), 140.1, 139.6, 137.3, 136.0 (18-
CH), 135.2, 134.2, 133.5, 132.1, 130.9 (17-CH), 128.5, 128.4, 127.9,
127.3 (22,3%-CH), 125.8 (7-CH), 125.6 (21-CH), 123.3 (8-CH),
121.0, 120.8 (24,3'-CH), 116.0 (20-CH), 105.3 (5-CH). 'H NMR
(TFA—-CDCl,;, 500 MHz): § 9.99 (s, 1H), 9.88 (s, 1H) (5,20-H),
9.63 (d, 1H, *Jqy = 4.6 Hz), 9.38 (d, 1H, 3y = 4.6 Hz), 9.16 (d, 1H,
au = 5.4 Hz), 9.09 (d, 1H, *Jyy = 4.5 Hz), 8.90 (d, 1H, *Jyy = 4.5
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Hz), 8.85 (d, 1H, *Jyy; = 5.4 Hz), 8.42—8.39 (m, 4H), 8.22—8.20 (m,
2H), 7.85—7.81 (m, 4H, 4 X m-H), 7.97 (t, 2H, ¥y = 7.4 Hz, 2 X p-
H), 7.91-7.84 (m, 4H), 7.60 (m, 2H), —3.43 (s, IH). HR-MS (ESI)
m/z: [M + H]" caled for C3,H,,NOTe, 628.0920; found, 628.0942.

(10,15-Diphenyl-23-oxa-21-carbabenzo[b]porphyrinato)-
palladium(ll) (17d). Crude telluracarbaporphyrin 19, prior to
chromatography, obtained by reacting 9a (50.0 mg, 0.184 mmol)
and 13d (72.1 mg, 0.184 mmol) under the conditions described
above, was dissolved in 50:50 chloroform—acetonitrile (25 mL) and
stirred at room temperature under nitrogen with palladium(II) acetate
(25 mg) for 30 min. The solvent was evaporated under reduced
pressure and the residue purified by column chromatography on grade
2 alumina, with 50% dichloromethane—50% hexanes as eluent, to give
a deep red fraction. Evaporation of the solvent gave the palladium
complex (21.3 mg, 0.0292 mmol, 16%) as a red solid: mp >300 °C.
UV—vis (0.153 yM 17d in CHCL): A, (log €) 303 (4.47), 377
(4.28), 434 (4.28), 543 (4.28), 578 (4.21), 779 (3.75). '"H NMR
(CDCL,, 500 MHz): § 9.76 (s, 2H, 5,20-H), 8.92 (v br, 2H, 2 X 0-H),
8.82 (s, 2H, 12,13-H), 8.76 (d, 2H, *J,yy; = 4.5 Hz, 7,18-H), 8.32—8.28
(m, 2H, 2',3'-H), 8.25 (d, 2H, ¥Juy = 4.5 Hz, 8,17-H), 7.57 (t, 2H,
*Juu = 7.4 Hz, 2 X p-H), 7.48—7.44 (m, 2H, 2%3%-H), 7.93-7.34 (v
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br, 4H, 4 X m-H), 6.62 (v br, 2H, 2 X o-H). {'"H}!*C NMR (CDCl,,
125 MHz): & 158.1, 153.0 (12,13-CH), 148.9, 144.4, 144.2, 143.4,
143.2, 143.1, 133.35 (7,18-CH), 133.31, 130.5 (8,17-CH), 128.6 (2 X
p-CH), 128.2, 126.7 (2%,3%-CH), 122.1 (5,20-CH), 119.4 (2',3'-CH).
HR-MS (ESI) m/z: M" caled for Cy,H,,N,PdTe, 729.9880; found,
729.9910.

Computational Studies. Calculations on structures 14a—d,
15a—d, 19, 20, 23a—d, 24a-d, 25, and 26 and related protonated
species were performed using Gaussian 16, Revision C.0L.>’
Geometry optimization of these structures was performed with the
M06-2X functional®® by using the 6-31+G(d,p) basis set.’* Se and Te
were both modeled using the Los Alamos LANL2DZ basis.*®
Vibrational frequencies were computed to confirm the absence of
imaginary frequencies to determine that the structures were minima
and to derive zero-point energy and vibrational entropy corrections
from unscaled frequencies. Two types of NMR calculations were
performed; the GIAO method was used to obtain NICS values,*® and
CGST was used to obtain AICD plots.””*” NICS(0) was calculated at
the mean position of all four heavy atoms in the middle of the
macrocycle. NICS(a), NICS(b), NICS(c), NICS(d), and NICS(e)
values were obtained by applying the same method to the mean
position of the heavy atoms that comprise the individual rings of each
macrocycle. In addition, NICS(1),, NICS(la),, NICS(1b),,
NICS(1c),,, NICS(1d),,, and NICS(le),, values were obtained by
applying the same method to ghost atoms placed 1 A above each of
the corresponding NICS(0) points and extracting the zz contribution
of the magnetic tensor. The resulting Cartesian coordinates, energies,
3D geometries, and AICD plots for all the molecules can be found in
the Supporting Information.
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