Inorg. Chem. 2007, 46, 6950—6957

Inorganic:Chemistry

* Article

Single-Boron Complexes of N-Confused and N-Fused Porphyrins

Anna Miodzianowska, Lechostaw Latos-Graz “ynski,* Ludmita Szterenberg, and Marcin Ste pien

Department of Chemistry, Usersity of Wroctaw, 14 F. Joliot-Curie Street,
Wroctaw 50 383, Poland

Received April 4, 2007

Boron(lll) has been inserted into N-confused porphyrin, (NCPH)H, (1), and N-fused porphyrin, (NFP)H (2). The
reaction of dichlorophenylborane and 1 yields o-phenylboron N-confused porphyrin (4). The boron atom is bound
by two pyrrolic nitrogen atoms and the o-phenyl ligand. The N-confused pyrrole ring is not involved in the direct
coordination because the C(21)-H fragment remains intact. A reaction between PhBCI, and N-fused porphyrin
produces o-phenylboron N-fused porphyrin (3*). 4 converts quantitatively into 3* under protonation. In o-phenylboron
N-fused porphyrin [(NFP)BPh]CI, the coordinating environment of boron(lll) resembles a distorted trigonal pyramid,
with the nitrogen atoms occupying equatorial positions and with the phenyl ligand lying at the unique apex. Boron(lll)
is displaced by 0.547(4) A from the N3 plane. The B—N distances are as follows: B-N(22), 1.559(4) A; B-N(23),
1.552(4) A; B-N(24), 1.568(4) A; B—Cipsorn, 1.621(4) A. 37 can be classified as a boronium cation considering a
filled octet and a complete coordination sphere. 37 is susceptible to alkoxylation at the inner C(9) carbon atom,
yielding 5-OR. The addition of acid results in protonation of the alkoxy group and elimination of alcohol, restoring
the original 3*. Density functional theory has been applied to model the molecular and electronic structure of 4,
3+, and syn and anti isomers of methoxy adducts 5-OMe.

Introduction

The insertion of boron(lll) into porphyrins yields remark-
able structures with two boron atoms in the core of
macrocycle, clearly revealing a mismatch between the boron
ionic radius and the porphyrin cote? Typically, only two
nitrogen atoms of the porphyrin coordinate to the single
boron ion. In the case of an extended porphyrin, two
coordinated boron ions are separated well enbsghthat
the coordination pattern resembles that well-characterized
for BF,-coordinated dipyrromethene complexe¥. Coor-
dination of a single boron ion in porphyrin-like surroundings 1
was solely observed for subphthalocyanitég, subpor-

Ar = Ph, p-Tol 2

phyrazine'® tribenzosubporphyrin& and subporphin®,
contracted homologues of phthalocyanines and porphyrins
where introduction of the boron atom warranted a template
synthesis# 16 Recently, the very first insertion of a single
boron atom into subpyriporphyrin, a [14]triphyrin(1.1.1)
homologue with an embedded pyridine moiety, has been
reportedt’

This contribution presents a new type of single boron
porphyrinoids. Namely, the boron has been inserted into
appropriately prearranged macrocycles: N-confused por-
phyrin 1,'81° and N-fused porphyri2 (Chart 1)?°2 Orig-
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Scheme 1. Synthesis of “Single™-Boron Complex&s and4
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inally, N-fused porphyrin2 was chosen as a suitable
environment for the boron entrapment considering the
contracted size of the three-nitrogen core. Up to the present,
Furuta and co-workers have demonstrated that N-fused
porphyrin coordinates selected metal ions in a specific sitting-
a-top manner with obvious preference for the very high
oxidation state and consistently relatively small ionic radii
of metal ions?> We presume that N-confused porphyrin
provides an appropriate macrocyclic setting for coordination
of main group metal ions and metalloids known for their
small ionic radii, exemplified here by boron(IRj.

Results and Discussion

o-Phenylboron N-Fused Porphyrins.The synthetic work
of this study has been summarized in Scheme 1.

N-Fused porphyrin2 reacts with PhBGI in toluene,
yielding o-phenylboron(lll) Nfused porphyrin, [{FP)BPh}f
(3%), wherein the macrocycle acts as a monoanionic tridentate
ligand. After the boron(lll) insertion, compoui3d is isolated
as the chloride or tetrafluoroborate salt, as described in the
Experimental Section. The electronic spectrum 3of is
similar to that of2 (Figure 1).

The molecular structure d8" has been determined in
X-ray diffraction (Figure 2). The coordinating environment
of boron(lll) resembles a distorted trigonal pyramid, with
the nitrogen atoms occupying equatorial positions and with
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Figure 1. UV—vis spectra of (black line),3" (red line),4 (green line),

and5-OMe (gray line) in dichloromethane.

Figure 2. Molecular structure of3*]-Cl (top, perspective view; bottom,
side view with phenyl groups omitted for clarity). The thermal ellipsoids
represent 30% probability. Disordered solvent molecules and the chloride
anion are removed for clarity.

the phenyl ligand lying at the unique apex. Boron(lll) is
displaced by 0.547(4) A from thea\plane (Figure 2). The
B—N distances are as follows: -BN(22), 1.559(4) A;
B—N(23), 1.552(4) A; B-N(24), 1.568(4) A. All B-N(pyr-
rolic) bond lengths are comparable to the B distances in
boron porphyrink>+8but slightly longer than those for boron
subphthalocyaniné!32425or boron tribenzosubporphyr-
ines!* The B—C bond length approaches that determined
for o-phenylboron subphthalocyanine, 1.5973A.

Three of themesep-tolyl substituents, namely, those
attached to carbons 10, 15, and 20, form sharp dihedral angles
with the macrocyclic plane (ranging from 46 to°0This
conformational feature is typical of meso-substituted por-
phyrins. In contrast, the p-tolyl substituent is almost
coplanar with the macrocycle, forming a dihedral angle of
7.5°. This difference results from the reduction of steric
repulsion between the macrocycle and the tolyl ring, caused
by ring fusion. Specifically, the C(4)C(5)—C(6) angle,
contained in a five-membered ring, is only 104.3(3huch
less than the respective angles at other meso positions-(119
134°). Consequently, hydrogens H(7) and H(3) are moved
away from the 5-tolyl ring, thereby enabling a coplanar
orientation of the substituent. Such a structural pattern, as
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to significant line broadening and shorteninglefelaxation
times, confirming fast electron exchange between differently
oxidized forms 0f3.27:28 Typically, the addition of AgBE,
which acted as the oxidizing reagent, was sufficient to
remove the residu&d".

The complete assignment of & NMR resonances for
3*, as shown in Figure 3, has been obtained by"AINMR
COSY and NOESY experiments using the unique nuclear
Overhauser effect (NOE) correlation between H(7) and
o-H(5-p-tolyl) as a starting point. The peculiar downfield
positions of H(7) and H(3) resonances due to the ring current
effect of the common adjacemesep-tolyl ring afforded
the initial assignment of these particular resonances. Actually,
, . I . this initial assignment is consistent with tHéel NMR
spectroscopic pattern of the selectively brominated 7-bromo
S N-fused and 7,12,13-tribromo N-fused porphyﬁﬁsThe_:
Figure 3. *H NMR spectra: (A", dichloromethaneds, 208 K: (B)3* steric hindrance of the C(¥H and C(12)-H fragments is
dichloromethaneh, 198 K. The ir;set in trace A s_h(’)WS théph_en)}l Smal!er th_an that created by any other L@@H fragments
resonances. Peak labels follow a systematic position numbering of the flanking p-tolyls as discussed above. This structural factor
macrocycle or denote proton groups: o, m, and p are ortho, meta, and pardowers the rotation barrier in comparison to other meso
positions ofmeso-ptolyl rings, respectively. positions, which results in the fast rotation of this substituent

] in the whole investigated 17853 K temperature range for
seen here foB", was previously noted for the free-base the series of solvents (chlorofordh-dichloromethaneh,
N-fused porphyrirt® Actually, the'H NMR studies carried  acetonitrileds, and methanotk), presenting consistently an
out for 3" demonstrate clearly the influence of this structural aa'gg’ spectroscopic pattern. On the contrary, as the
fgctor on.the dynamic rearrangement involving fholyl temperature was gradually lowered, all otipetolyl reso-
ring rotation. nances broaden and eventually split into two signals,

Cyclic voltammetry demonstrates tHait undergoes two  reflecting the asymmetry with respect to the porphyrin plane
consecutive, reversible, one-electron reductions with half- (Figure 3, trace B).
wave potentials of (1602 mV and (2)-1196 mV, yielding o-Phenylboron N-Confused Porphyrin. The reaction of
3 (o-phenylboron N-fused porphyrin radicalNEP)BPh) dichlorophenylborane and results in a direct insertion,
and subsequently the monoanidn (potentials vs Fc/Fg yielding o-phenylboron N-confused porphyrifNCPH)BPh,
CH,Cl,, TBAP). Thus, the reduction potentials 8f have 4; Scheme 1]. Initially, apart frord a small amount o8+
been anodically shifted with respect to the free-base N-fusedp a5 peen detected in the reaction products. A remarkable
porphyrin (the first oxidation potential at 80 mV and the qgyantitative conversion af into 3* requires the addition of
first reduction potential at-1370 mV vs Fc/F¢, CH,Cly, an acid4 is aromatic, as is readily demonstrated by upfield-
TBABF,).?%?> The solution of [3*]-Cl, which typically  shifted resonances of axiatphenyl -H, 3.37 ppm:m-H,
contains an admixture & (toluene, 298 K) exhibits asingle g5 gg ppm;p-H, 6.00 ppm; Figure 4).
line atg = 2.0027 in the electron paramagnetic resonance | 4 the boron atom is bound by two equatorially
(EPR) spectrum, which is consistent with the anion radical coordir,1ated nitrogen atoms having thephenyl ligand in

electronic structure. o the third position. The coordination of a single boron ion to
Because of the boron(lll) coordination, the pyrrdlé  two pyrrolic nitrogen atoms seems to be typical for boron
NMR resonances a8" are slightly shifted with respect to  porphyrinst~¢ Actually, such a coordination mode has been
2. The most notablg feature is the marked upfield positions suggested by the density functional theory (DFT) optimiza-
of the axially coordinated-phenyl 0-H, 3.50 ppm;m-H, tion carried out ford-1 and4-2 [N(23)—N(24) vs N(22)-
6.05 ppm;p-H, 6.33 ppm), although less pronounced than N(23) coordination modes fat-1 and4-2, respectively] as
those for regulav-phenyl diamagnetic metalloporphyrifis  giscussed below. Scheme 1 presents only one from two
but similar to those for previously reportedphenylboron  possible isomergl-1, intuitively preferred because of an
subphthalocyanine (SubPh)BPtand o-phenylboron sub-  opyvious prearrangement required for the N-confuskd
pyriporphyrini’ These observations readily confirm the fysed porphyrin transformation. The N-confused pyrrole is
aromatic character &, allowing the 18er-delocalization not involved in the strong coordination because theHC
path?* Well-resolved'H NMR spectra o88* can be obtained  fragment remains intact and has been detected irtkhe
under carefully controlled conditions (Figure 3). In each case, NMR spectrum at-2.23 ppm (Figure 4). Still, the interaction
the presence of even a minute amount of the radiciglads of the boron ion and C(2BH is reflected by carbon
chemical shifts. The C(21) resonanceiddias been detected

(24) Fukuda, T.; Olmstead, M. M.; Durfee, W. S.; Kobayashi,Qtiem. at 73.4 ppm as Compared to the chemical shift lof
Commun2003 1256-1257.
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17 5-0 15-m

10.1 8.0 7.0
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— Figure 5. 1H NMR spectrum ob-OMe (dichloromethaneh, 203 K). The
' ' ' I T inset presents the ethoxide resonanceS-6ft.
10.0 8.0 6.0 34 -20

8 [ppm]
Figure 4. 1H NMR spectra of: (A) whole spectroscopic range (benzene- IS nearly quantitative. The electronic absorption spectrum
ds, 298 K); (B) detailed assignment of pyrrole resonances. Peak labels follow of 5.OMe bears some resemblance to the mateBtal
3 Systematc postion numbering of the macrooyle of Jenote PN compound (Figure 1). Thék NMR spectrum of5-OMe
rings, respectively. indicates the presence of a stronger aromatic ring current
than that of3", as reflected by upfield relocation of the
phenyl resonanceoH, 1.88 ppm;m-H, 5.25 ppm;p-H,
5.63 ppm). The-OMe group gives a singlet at0.52 ppm
(CDClg), which shows dipolar couplings to H(5-ortho), H(15-
ortho), and H(7) in the NOESY map. This upfield shift is
diagnostic for alkoxyl groups located in the center of
aromatic macrocycles, as is found, for instance, with the
methoxy group of dimethoxa{esetetraphenylporphyrinato)-
germanium(lV), —2.57 ppm3* or the ethoxy ligand of
diethoxoMmesetetraphenylporphyrinato)germanium(lV)): me-
thylene,—2.27(q) ppm, and methyk-1.94(t) ppm3® Sub-
sequently, the upfield-located resonances have been detected
for analogous ethoxy and-butoxy complexes5-OEt and
(99.6 ppm). The analogous remarkable upfield shifts relative 5-OBu. The diagnostic set of two complex multiplets at
to the free base have been previously reported for diamag-—0.52 and—0.68 ppm has been assigned to the ethoxy
netic complexes of carbaporphyrinoids, where the side-on methylene group (Figure 5, inset). The strong difference of
interaction between the metal ion and the & fragment the chemical shifts detected for the two methylene multiplets,
has been confirme#. 3 accompanied by the methyl triplet atL.04 ppm, is due to

Reactions with Alkoxides Formally,3" could be treated  the diastereotopic effect because the chirality center is located
as a tetracoordinate boron cation classified as a boroniumon the tetrahedral hybridized C(9) carbon atom. The pro-
cation. Such cations have been extensively explored, certainlynounced diasterotopic effect has been readily detected for
demonstrating their relative stability, which results from a methylene groups 05-OBu, yielding six one-hydrogen
filled octet and a complete coordination sph&é/hile four- resonances:0.42,—0.61,—0.74,—0.85,—0.91, and-0.99
coordinate cations are well-known, there are very few ppm. The addition of sodium 2-hydroxyethoxide[83]-Cl
supported by a tridentate macrocyclic ligaid. yields the monomeric (2-hydroxyethoxy) derivatb«©(CH;),-

Of particular importance is the observation ttgit is OH (2-hydroxyethoxy resonances-afl.50,—0.01,—-0.74,
susceptible to alkoxylation at the C(9) carbon center. Thus, and —1.00 ppm). The analogous experiment with sodium
3" immediately reacts with methoxide dissolved in the 4-hydroxybutoxide yielded monomerteO(CH;);OH with
methanol to yield a novel comple%OMe (Chart 2). Judging @ spectroscopic pattern resembling that OBu. The
by theH NMR spectrum of the reaction mixture, the process addition of TFA to5-OR results in protonation of the alkoxy
group and elimination of alcohol, restoridy. The appropri-

(29) Steieh M.; Latos-Graghski, L. Chem—Eur. J.2001, 7, 5113-5117. ate examples of inner macrocyclic attack were documented
(30) Stepien M.; Latos-Graghski, L.; Szterenberg, L.; Panek, J.; Latajka, i 6

Z.J. Am. Chem. So@004 126, 4566-4580. in the literature’
(31) Chmielewski, M. J.; Pawlicki, M.; Sprutta, N.; Szterenberg, L.; Latos-

Chart 2. 5-OR

Grazhski, L. Inorg. Chem.2006 45, 8664-8671. (34) Lin, S.-J.; Chen, Y.-J.; Chen, J.-H.; Liao, F.-L.; Wang, S.-L.; Wang,
(32) Pawlicki, M.; Latos-Gragnski, L.; Szterenberg, LInorg. Chem2005 S.-S.Polyhedron1997, 16, 2842-2850.

44, 9779-9786. (35) Balch, A. L.; Cornman, C. R.; Olmstead, M. NIl. Am. Chem. Soc.
(33) Piers, W. E.; Bourke, S. C.; Conroy, K. Bngew. Chem., Int. Ed. 199Q 112, 2963-2969.

2005 44, 5016-5036. (36) Fukuda, T.; Ogi, Y.; Kobayashi, Chem. Commur2006 159-161.
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Two other routes for the formation 6fOR have also been
considered. One of them involves the use of a fifth
coordination site, producing the hypervalent boron complexes
that contain five regular borerligand bonds’—4° Alterna-
tively, the coordination can occur through dissociation of
the equatorial B-N bond to provide an open coordination
site for the incoming alkoxide. The analogous mechanism
was considered in the mechanism of propylene oxide
polymerization catalyzed by chelated borates of the general
formula LB(OR) (where L is a tridentate-O.N) ligand and
R = Me, Et, n-Pr, andn-Bu)#!

Actually, to release internal molecular strains3f the
new aromatic carbaporphyrinoid (R Me, Et, n-Bu, and
2-hydroxyethoxide), stabilized ly-phenylboron coordina-
tion (5-OR), has been formed (Chart 2). A new macrocyclic
frame bears one alkoxy substituent attached to C(9) of the
initially N-fused porphyrin. The modified macrocycle acts
as dianionic ligand and preserves the IBdelocalization
pathway. Significantly, thé3C NMR chemical shift of the
diagnostic C(9) resonance BfOEt is 94.8 ppm upfield with
respect t[37]-BF,. The assignment of this resonance has
been unambiguously determined by an heteronuclear multiple-
bond correlation experiment, where correlation between C(9)
and thea-methylene hydrogen atoms of the ethoxy group
has been detected. TA& NMR chemical shift of C(9) is
consistent with the tetrahedral hybridization considering its
substitution by three electronegative atoms. The effect of
such substitutions on th&C NMR chemical shift was
previously documented for pyrrole-appended derivatives of
O-confused oxaporphyrif?.

The reversible trigonaitetrahedral exchange process at

Mitodzianowska et al.

Figure 6. DFT-optimized structure 08" (top, perspective view; bottom,
side view).

the C(9) carbon atom causes significant structural changes

in the molecular structure. In principle, this process may
create two geometrical isomers affording the syn and anti
location of the alkoxy group with respect to thephenyl
ligand, although only the anti form was observed, as
confirmed by NOESY experiments. The peculiar regiose-
lectivity results from the steric hindrance imposed by the
o-phenyl ligand, which excludes one side of the porphyrin
from an attack by a nucleophile.

DFT Calculations. To address the issues of the relative
stabilities of isomers considered fdr(4-1 and4-2) and5
(5-anti and 5-syn) species, we have carried out DFT
calculations by performing full geometry optimizations at
the B3LYP/6-31G** level. Initially, analogous DFT calcula-
tions have been carried out f@" using the geometry
determined by X-ray crystallography as a starting point of
the optimization procedure (Figure 6).

The optimized structural parameters are contained in the
Supporting Information. The optimized bond lengths36f
resemble those found by X-ray crystallography. The differ-
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1137.
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Int. Ed. 200Q 39, 4055-4058.
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F.; Takagi, N.; Nagase, S. Am. Chem. So@005 127, 4354-4371.
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Figure 7. DFT-optimized structures @F1 and4-2 (top, perspective view;
bottom, side view). The characteristic distances and bond lengths (A): for
4-1, B--*N(22) 2.995, B-N(23) 1.471, B-N(24) 1.489, B--C(21) 3.158,
B-:-H(21) 2.568, B-Cipsopnl.574; for4-2, B—N(22) 1.489, B-N(23) 1.473,
B---N(24) 3.007, B--C(21) 3.171, B-+H(21) 2.570, B-Cipsorn1.573.

ences of the bond lengths between the DFT-optimized and
crystal values are in the range of a few hundredths of
angstroms.

The optimized geometries @1 and4-2 are shown in
Figure 7. They provide evidence for bidentate coordination
of N-confused porphyringi-1 is only slightly more stable,
as shown by the DFT studies, because the energy difference
betweend-1 and4-2 equals 1.704 kcal/mol. In principle, the
small energy difference betwednl and4-2 suggests their
simultaneous availability. This result seems to be inconsistent
with the experimental data, discussed above, which show
that the single form, presumabllyl, dominates in solution
in the whole investigated temperature range.

The DFT-optimized geometries &syn and5-anti are
shown in Figure 8. The DFT-determined-Bl bond lengths
of 5-OMe closely resemble those determined by the X-ray
study for boron porphyrink?46 However, the addition of
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monoanionic ligand. A preference for the coordination of
small metal ions seems to be the inherent property of this
contracted porphyrin. It is a consequence of the structural
constraints imposed by an N-fused porphyrin structure and
the presence of just three nitrogen donors in the molecular
cavity. Thus, the present studies add N-fused porphyrin to
the class of porphyrinoids that are capable of coordinating
to a single boron ator17 Significantly, 3" reveals some
features of a boronium cation. This study clearly extends
the coordination chemistry with N-fused porphyrins applied
as a macrocyclic ligand. The obvious mismatch between the
core of an N-confused porphyrin and the boron radius leads
to a structure in which the boron is bound by two nitrogen
atoms having the-phenyl ligand in the third position. In
this case, two pyrrole rings including the N-confused ring
are not involved in coordination resembling Béoordinated
dipyrromethene complexes. The remarkable flexibility of this
Figure 8. DFT-optimized structure o-anti andS-syn (top, perspective  particular complex structure allows an intermolecular con-
view; bottom, side view). version of4 into 3+,

Table 1. Selected DFT-Optimized Bond Lengths and Angles

Experimental Section

3t 5-anti A(3 — 5-anti)
C(4)-C(5) 1.414 1.421 —0.007 Materials. N-Confused porphyrinNCTTPH)H, or (NCTPRH)-
C(5)—-C(6) 1.430 1.415 0.015 i i i
CE-c(7) 1395 1380 0015 H, was obtalr_led by methpds already descritsédkFused porphyrin
C(7)-C(8) 1416 1.435 —0.019 was synthesized according to the reported procetfure.
Sggfﬁg)l) %-igg iggg *O-é)gg? From (NCTTPH)H; (2). [3"]-Cl. 1 (18 mg, 0.027 mmol) was
C9)-N(1) 1360 1458 0,008 added to 20 mL of toluene under,Nand I?hBCj (711 ,uL_, 0.54
C(9)-N(22) 1.312 1.420 —0.108 mmol, 20 equiv) was then added. The mixture was stirred under
C(@)-N(22) 1.447 1.388 0.059 reflux and under Nfor 1 h. The product was chromatographed on
N(21)-C(9)—C(6) 110.0 100.6 9.4 the silica gel column. The last fraction (red wine) eluted with,CH
C(6)—C(9)-N(22) 113.8 104.2 9.6 Cl,/MeOH (10:1) was collected, and solvents were evaporated. After
g@é)(;)(i(g)(g)“(zz) 136.3 111159;58 16.5 evaporation of the solvents, 4.2 mg was obtained (20%).
O—C(9)-N(21) 110.5 From (NFTTP)H (2). [3*]-Cl. 2 (20 mg, 0.030 mmol) was
0-C(9)-N(22) 106.4 added to 20 mL of toluene under,Nand PhBCJ (78 uL, 0.60

. e . mmol, 20 equiv) was then added. The mixture was stirred under
the methoxide resulted in significant changes in the geometry rofiux and under hfor 1 h. The solution was evaporated, and the

around the C(9) carbon atom as compare@'t¢see Figure  product was chromatographed on the silica gel column. The last
8). Here the marked tendency to acquire the tetrahedralfraction (red wine) eluted with C}€1,/MeOH (10:1) was collected,
geometry is reflected by the increase of the bond lengths and solvents were evaporated. After evaporation of the solvents,
accompanied by the marked decrease of N{ZI(P)—N(22) 18.5 mg was obtained (78%)).
and N(22)-C(9)—C(6) angles (Table 1). However, the bond  [37]-BF4. AgBF, in excess was added to the toluene solution of
length preserves the conjugated pattern characteristic for thel3*]-Cl. After a few days, the solution was decanted and red oil
parental molecul&", as shown in Chart 2. was dissolved in CkCl, and filtered from solid impurities.

The calculated total electronic energies with zero-point The solution was evaporated. The process was almost quantita-
energies, using the B3LYP/6-31G**//B3LYP/6-31G** ap- V&
proach, demonstrate that the anti isomer is more stable, as 'H NMR (500 MHz, CDCl,, 198 K): 6 9.82 (s, 1H, H7), 9.48

. . (AB, 1H, 33y ) = 5.0 Hz, H3), 8.71 (2H3J ) = 8.0 Hz, 5-0),
shown by the DFT studies, because the energy d|fference8_66 (AB, 1H,%1y = 4.8 Hz, H2), 8.53 (AB, 1Hgiy = 5.0

equals 5.06 kcal/mol. _ _ Hz, H17), 8.45 (IH3 ) = 6.9 Hz, 10-0), 8.29 (AB, 1HJy
A calculation of the hypothetical boron complex, which  _ 4 ¢ 1 H12), 8.18 (AB, 1H3) s = 4.6 Hz, H13), 8.15 (1H

contains five regular borerligand bonds® has been con- Jpupy = 7.8 Hz, 20-0), 8.11 (IHVpp = 7.9 Hz, 20-0), 8.06
sidered as well. The corresponding structural model of (AB, 1H, 3 = 5.0 Hz, H18), 8.06 (1HJy 4 = 7.8 Hz, 10-0),
5-OMeénypenvatentinvolved the use of a fifth coordination site  7.79 (1H,3)u ) = 7.3 Hz, 10-m), 7.72 (1HJ ) = 7.8 Hz, 10-
by the methoxy ligand. In spite of the starting point, the m), 7.68 (1H,3)uH) = 8.3 Hz, 15-0), 7.63 (4HJpm = 7.6 Hz,
optimatization procedure yielded eventualyOMe,.;, af- 5-m, 20-m), 7.53 (1H3Jp ny) = 7.6 Hz, 15-m), 7.29 (1H:J4m =
fording the transfer of methoxide from boron to the C(9) 7.8 Hz, 15-m), 6.92 (1K = 7.3 Hz, 15-0), 6.28 (tr, 1K) n)
carbon atom. = 7.2 Hz,p-Ph), 5.99 (tr, 2H3J4 1) = 7.8 Hz,m-Ph), 3.48 (d, 2H,
3Jm = 7.8 Hz,0-Ph), 2.67 (s, 3H, 10-Me), 2.57 (s, 3H, 15-Me),
Conclusions 2.56 (s, 3H, 5- or 20-Me), 2.53 (s, 3H, 20- or 5-M&C NMR

This study provides insight into the coordinating properties (43) Geier, G. R., Ill: Haynes, D. M.: Lindsey, J. ©rg. Lett. 1999 1,
of N-fused porphyrin, which can potentially act as a 1455-1458.
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(125.7 MHz, CDC}, 298 K): 6 151.7, 147.9, 145.6, 143.8, 142.2,
142.0, 141.7, 141.2, 140.8, 140.7, 139.7, 139.4, 138.3, 137.4, 136.9
133.1, 133.0, 132.1, 131.8, 131.3, 131.3, 130.6, 130.5, 130.2, 130.0
130.0, 129.8, 128.9, 127.8, 127.8, 127.4, 127.2,125.9, 119.4, 116.5
114.3, 21.8, 21.7, 21.8'B NMR (160.5 MHz, CDC}, 298 K): 6

—1.4 (BR"), —6.8. UV—Vis: Amax NM (log €) 337 (4.44), 386
(4.43), 499 (4.85), 569 (4.33), 756 (4.43), 926 (3.58), 1051 (5.59).
HRMS (ESI,m/z): 754.3452 [calcd 754.3382 for f@HioN4B]*
(MA)].

4.1(18 mg, 0.027 mmol) was added to 20 mL of toluene under
N,. Subsequently, PhB&{71xL, 0.54 mmol, 20 equiv) was added.
The mixture was stirred under reflux and under fdr 1 h. The
product was chromatographed on the silica gel column with toluene
as the eluent. The first fraction (toluene) was collected, and the
solvent was evaporated. Yield: 12.2 mg, 60%.

'H NMR (500 MHz, toluenedg, 298 K): 6 10.04 (d, 1H w1y
= 0.9 Hz, H3), 8.92 (AB, 1H3J4 1) = 4.8 Hz, H12), 8.80 (AB,
1H, 3Jp ) = 4.8 Hz, H13), 8.54 (AB, 1H3Jy 1) = 4.7 Hz, H8),
8.48 (AB, 1H,3Ju ) = 4.6 Hz, H18), 8.39 (AB, 1H3Jp 4 = 4.7
Hz, H17), 8.38 (2H3Ju ) = 8.1 Hz, 5-0), 8.32 (AB, 1H3Jp ) =
4.8 Hz, H7), 8.22 (v br, 2H, 20-0), 8.02 (1H)nn = 6.8 Hz,
10-0), 7.91 (1H3Jn = 6.8 Hz, 10-0), 7.86 (2H3Jpm = 7.8
Hz, 15-0), 7.40 (1H3Jwn) = 6.4 Hz, 20-m), 7.28 (2Hpn) =
7.8 Hz, 5-m), 7.25 (S, br, 1H, 20-m), 7.22 (ZH(H'H) = 7.9 Hz,
15-m), 5.99 (tr, 1H3Jw) = 7.3 Hz,p-Ph), 5.87 (tr, 2H3 ) =
7.6 Hz,m-Ph), 3.36 (d, 2H3Ju 4 = 7.1 Hz,0-Ph), 2.48 (s, 3H,
10-Me), 2.44 (s, 3H, 20-Me), 2.33 (s, 3H, 5-Me), 2.31 (s, 3H, 15-
Me), —2.23 (s, 1H, H21)!H NMR (500 MHz, tolueneds, 213 K):

0 10.21 (s, 1H, H3), 9.08 (AB, 1HJy ) = 4.6 Hz, H12), 9.01
(AB, 1H, 3J4y 1) = 4.6 Hz, H13), 8.71 (1HJn ) = 7.6 Hz, 20-0),
8.61 (AB, 1H,3Jum = 4.6 Hz, H8), 8.52 (AB, 1H3)n) = 4.4

Hz, H18), 8.38 (AB, 1H3)y ) = 4.4 Hz, H17), 8.35 (2H3J4 )

= 7.6 Hz, 5-0), 8.27 (AB, 1H3Jyn = 4.2 Hz, H7), 8.04 (1H,
3Jnm = 7.3 Hz, 10-0), 7.95 (1H3 w4 = 8.0 Hz, 10-0), 7.84
(1H, 3Jm = 7.8 Hz, 15-0), 7.80 (1H3pn = 7.6 Hz, 15-0),
7.69 (1H,%Jnm) = 7.6 Hz, 20-0), 7.50 (1HJw 4y = 7.3 Hz, 20-

m), 7.30 (3H,2Jm = 7.1, 2x 5-m, 10-m), 7.23 (LH3 @) =

7.1 Hz, 20-m), 7.18 (3H, X 15-m, 10-m), 6.07 (tr, 1HJnm) =

7.0 Hz,p-Ph), 5.96 (tr, 2H3Jy ) = 7.6 Hz, m-Ph), 3.44 (d, 2H,
3J,H) = 7.3 Hz,0-Ph), 2.46 (s, 3H, 10-Me), 2.43 (s, 3H, 20-Me),
2.34 (s, 3H, 5-Me), 2.32 (s, 3H, 15-Me},2.35 (s, 1H, 21H)13C
NMR (125.7 MHz, CDCl,, 298 K): 6 154.2, 153.8, 151.4, 144.5,
144.2,143.9, 140.1, 138.7, 137.7, 137.3, 137.2,137.1, 136.1, 135.6
135.4,134.2,134.1, 133.8, 132.6, 132.3, 131.3, 130.4, 129.8, 129.1
128.6,128.2,127.1, 126.5, 125.3, 124.4, 123.3,121.9, 119.5, 116.1
115.5,115.0, 111.3, 110.3, 72.5, 31.9, 29.7, 29.3, 22.7, 21.2, 21.1
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—OMe)), 7.82 (1H3J ) = 7.6 Hz, 20-0), 7.75 2HIpun = 7.3

Hz, 10-m), 7.63 (1H3Jnn) = 7.3 Hz, 20-m), 7.58 (2HJn) =

7.6 Hz, 5-m), 7.54 (2H3J@ ) = 8.7 Hz, 15-m, 20-m), 7.51 (1H,
3Jmy = 8.0 Hz, 10-0), 7.30 (IH3Jwmy = 6.6 Hz, 15-m), 7.17
(1H, 3,y = 7.8 Hz, 15-0 (syn tar-phenyl, NOE correlated to
o-phenyl)), 5.65 (tr, 1H3J n) = 7.2 Hz,p-Ph), 5.26 (tr, 2H3J( 1)

= 7.8 Hz,mPh), 2.61 (s, 3H, 20-Me), 2.59 (s, 6H, 10- and 15-
Me), 2.51 (s, 3H, 5-Me), 1.80 (d, 2R) ) = 7.6 Hz,0-Ph),—0.54

(s, 3H,—OMe).13C NMR (125.7 MHz, CRQCl,, 298 K): 6 154.4,
150.6, 147.7, 143.6, 143.5, 141.8, 141.7, 138.3, 137.9, 137.8, 137.5,
137.2,135.7,135.6, 134.9, 134.5,134.4, 134.1, 133.5, 133.3, 132.8,
131.7,130.9, 130.1, 129.5, 129.2, 127.6, 127.6, 127.0, 126.8, 125.3,
124.8, 124.3, 123.0, 119.4, 115.9, 115.1, 113.8, 112.5, 95.2 (C9),
46.4, 21.6, 21.5, 21.53!B NMR (160.5 MHz, CDC}, 298 K): ¢
—12.9. UV-vis: Amax NM (loge): 331 (4.39), 401 (4.44), 425
(4.48), 503 (4.82), 538 (4.58), 680 (4.16). HRMS (ES82):
754.3322 [calcd 754.3382 for {@#HaoN4B]T (M — OMe]")].

5-OR. The synthesis of other alkoxide adducts followed the
procedure described f&-OMe.

5-OEt. *H NMR (500 MHz, CDC}, 298 K), the alkoxy
fragment: 6 —0.52 (m, 1H, —OCHH-), —0.68 (m, 1H,
—OCHH—-), —1.04 (tr, 3H,—CHa).

5-OBu. 'H NMR (500 MHz, CDC}, 298 K), the alkoxy
fragment: 6 —0.42,—0.61,—-0.74,—0.85,—0.91, —0.99.

5-O(CHy),0H. *H NMR (500 MHz, CDC}, 298 K), the alkoxy
fragment: 6 1.50,—0.01,—0.74,—1.00.

DFT Calculations. DFT calculations for structuresand5-OMe
were performed with theGAUSSIANO3program* Geometry
optimizations were carried out within unconstrair@&dsymmetry,
with the starting coordinates derived from X-ray structural data.
Becke’s three-parameter exchange functiofialéth the gradient-
corrected correlation formula of Lee, Yang, and Parr [DFT-
(B3LYP)]*6 were used with the 6-31G** basis s&tHarmonic
vibrational frequencies were calculated using analytical second
derivatives. Structures were found to have converged to a minimum
on the potential energy surface.

Instrumentation. NMR spectra were recorded on a Bruker
Avance 500 spectrometer. UWis electronic spectra were recorded
on a diode-array Hewlett-Packard 8453 spectrometer and Varian
Cary 50 Bio. Mass spectra were recorded on a Bruker micrOTOF-Q
spectrometer using the electrospray and liquid-matrix secondary-
ion mass spectrometry techniques.

, EPR spectra were obtained with a Bruker ESP 300E spectrom-
eter. The magnetic field was calibrated with a proton magnetometer
and EPR standards.

21.1,13.9MB NMR (160.5 MHz, CDC}, 298 K): 6 —11.8. UV—
ViS: Amax NM (loge): 366 (4.30), 421 (4.29), 493 (4.68), 657 (3.91),
725 (3.77). HRMS (ESImz): 754.3365 [calcd 754.3382 for
[Cs4H4oN4B] T (M — H]T™ as 4 converts into3* during the ESI
experiment)].

5-OMe. 3" (3.1 mg) was dissolved in dichloromethane, and
MeONa in methanol was added. The progress of the reaction was
controlled by U\V-vis. Once the reaction was completed, the
solvents were evaporated. The product was dissolved isCGH
and solid impurities were filtered off. Yield: 1.5 mg, 52%.

IH NMR (500 MHz, CD,Cly, 203 K): 6 10.14 (s, 1H, H7), 8.79
(AB, 1H, 3J4ny = 4.6 Hz, H18), 8.65 (AB, 1H3Jn ) = 4.6 Hz,
H12), 8.61 (2H3)n = 7.1 Hz, 5-0), 8.60 (AB, 1H3Jpn = 3.4
Hz, H2), 8.56 (AB, 1H23J4n) = 4.4 Hz, H3), 8.52 (1H3 ) n) =
7.6 Hz, 10-0), 8.41 (AB, 1H3)nn = 4.6 Hz, H17), 8.26 (1H,
SJ(H,H) =8.5 Hz, 20-0), 8.19 (AB, 1H3,J(H’H) =46 Hz, H13), 8.16
(1H, 3Jp,H) = 7.6 Hz, 15-0 (anti tas-phenyl, NOE correlated to
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Single-Boron Complexes of N-Confused and N-Fused Porphyrins

X-ray Analysis. X-ray-quality crystals of3* were prepared by Electrochemistry. Electrochemical measurements were per-
diffusion of decane into a dichloromethane solution contained in a formed in CHCI, with tetrabutylammonium perchlorate as the
thin tube. Data were collected at 100 K on an Xcalibur PX supporting electrolyte. Cyclic voltammograms were recorded for
k-geometry diffractometer with a CCD Onyx camera. The data were the potential scan rate ranging from 0.05 to 0.2 V/s using the EA9C
corrected for Lorentz and polarization effects. Numerical absorption (MIM, Krakéw, Poland) apparatus. A glassy-carbon working

correction was applied. Crystal data are compiled in Table S1 in electrode, a Pt-wire auxiliary electrode, and an Ag/AgCl reference
the Supporting Information. The structure was solved by direct electrode were applied.

methods withSHELXS-97and refined by the full-matrix least-

squares method by usin§HELXL-97with anisotropic thermal Acknowledgment. Financial support from the Ministry
parameters for the non-hydrogen atoms. Scattering factors wereof Science and Higher Education (Grant PBZ-KBN-118/T09/
those incorporated iBHELXS-979 2004) is kindly acknowledged. Quantum chemical calcula-

The asymmetric unit contains o8& cation and a chloride anion tions have been carried out at the PoziSmpercomputer

accompanied by 2.52 molecules of dichloromethane distributed over ,
four independent sites. The chloride anion was refined as disorderedcerm:"r (PoznarPoland) and Wroctaw Supercomputer Center

over two crystallographically independent sites and assumed to (Wroctaw, Poland).
accidentally overlap with chlorine atoms of a &, molecule

disordered around an inversion center (0.22 occupancy). Supporting Information Available: X-ray crystallographic data

in CIF format, tables of computational results (Cartesian coordi-
(48) Sheldrick, G. MSHELXS97, program for solution of crystal structyres ~ nates), and additional NMR data. This material is available free of

University of Gdtingen: Gitingen, Germany, 1997. charge via the Internet at http://pubs.acs.org.
(49) Sheldrick, G. MSHELXL97, program for crystal structure refinement
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