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Abstract: A doubly N-confused porphyrin )CP), 2-ethoxy-5,10,15,20-tetrapentafluorophenyl-3,7-diaza-21,22-
dicarbaporphyrin, and its Ag(lll) and Cu(lll) complexes were synthesized for the first time, via an acid-
catalyzed condensation of pentafluorobenzaldehyderssbpentafluorophenyl-2,3ipyrromethane!H NMR

and single-crystal X-ray diffraction analyses reveal the arrangement of the three hydrogens (two CH and one
NH) in the core of NCP both in solution and in the solid state, respectively. The diamagnetic silver(lIl)
complex has a square-planar tetracoordination and short Ag@IBond distances of 1.987(8) and 2.011(8)

A. Similarly, the diamagnetic Cu(lll) complex shows a square-planar coordination with Ct@thpnd distances

of 1.939(3) and 1.934(4) A. The trianionic nature of the&€R ligand and a possibility of stabilizing the higher
oxidation state by “confusion” are discussed.

Introduction be driven simply by deprotonation of the outward pointing NH
in the “confused” pyrrole, which serves to stabilize the polarized
carbon-metal bond. If such effects were observed for other
-confused porphyrins, it could provide a potent strategy for
stabilizing higher oxidation states of metélsspecially if more
than one confused pyrrole could be incorporated within any
given porphyrin-like macrocycle. This idea promoted us to
synthesize doubly N-confused porphyrins and to investigate their
metal coordination properties. In this paper, we report the
synthesis of 2-ethoxy-5,10,15,20-tetrapentafluorophenyl-3,7-
diaza-21,22-dicarbaporphyrin §8P, 7) and show that it is
capable of stabilizing complexes containing rather rare Ag(lll)
and Cu(lll) centers (i.e8 and9). To the best of our knowledge,
these are the first examples of a porphyrin isomer containing
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Syntheses and metal coordination chemistry of porphyrin
analogues have been attracting considerable interest due to th
possibility of developing new porphyrin chemistryAmong
them, a porphyrin isomer, “N-confused porphyrin” (NCP,2
originally synthesized by us and independently by Latos-
Graghski et al., is of interest because many “mutants” are
structurally possible, and its unique properties have been
revealed gradually-> One of the features of NCP chemistry,
which differs from normal porphyrins, is its multivalent nature
as a metal ligand. NCP was found to complex either divalent
Ni(ll) or trivalent silver(lll) to give a square-planar complex
(2 or 3).2¢4aThis characteristic chameleon-like nature seems to
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Figure 1. X-ray structures of (a) BCP (7), (b) Ag(lll)—N2CP @), and (c) Cu(lll)>N,CP ©). Pentafluorophenyl groups and an ethoxy group were
omitted for clarity in the side views. Selective bond lengths (A) and angles (deg) are listed in Table 2.

Scheme 1 In this isomer, a cis-like, as opposed to trans-like, arrangement
pertains for each of the confused pyrroles. The preferential
production of this isomer is rationalized in terms of the different

2N f, )BFOEL reactivity of thea- and o’-pyrrolic positions in the starting

+ z .
N i) DDQ N-confused dipyrromethane.
cHo i)™ When NCP (7) was treated with Ag(l) acetate in 10%
. pyridine/CHC} at room temperature, the color of the solution
7:MoH, Hs was observed to change from yellow-green to blue-green, and
8: M=Ag(ill) over the course of 8 h, a shiny silver-containing product was
9: M =Cu(ll) obtained quantitatively. Observation of distinct signals in the
IH NMR spectrum in the 181 ppm ranges in CDGlled to
CHCI; containing a trace of EtOH (Scheme "LFollowing the inference that this silver-containing product consists of

oxidation with 2,3-dichloro-5,6-dicyano-1,4-benzoquinone (DDQ), diamagnetic Ag(lI)NCP @). The appearance of a signal at
a greenish product was purified by silica gel column chroma- 10.37 ppm, ascribable to an outer NH resonance, and the absence
tography to give7 in ca. 2% yiel® The spectroscopic data  of any signals ascribable to the three inner NH and CH protons,
obtained were consistent with the formulation of ethoxy- are considered consistent with this assignment, as were results
substituted MCP (7) as a doubly confused isomer of porphytin.  from a single-crystal X-ray diffraction analysis (Figure 1b). This
In particular, two CH signals were observed in #t NMR latter study revealed short A¢C bond distances of 1.987(8)
spectrum at 3.50 and 3.20 ppm in CRCBuch findings are  and 2.011(8) A, which are comparable with that seen in the
consistent with a weak aromatic character due to the disruption corresponding Ag(Il)NCP 3) complex (i.e., 2.03 A¥e The
of a fully z-conjugated Kekulestructure. Not surprisingly,  complex @) is nearly square-planar, and the Ag atom is located
therefore, an upfield NH signal at 6.38 ppm is assigned to the in the plane formed by each four donor atoms in the core (two
inner pyrrolic proton; another NH signal, corresponding to the N and two C).
outer NH proton, was also observed in CR@ut only at 8.95 When Cu(ll) acetate was used in place of Ag(l) acetate, a
ppm. greenish complex9) was obtained quantitatively. In analogy
More direct evidence for the proposed structure of doubly to the Ag(ll)No.CP @) complex, this copper-containing
confused porphyrit came from a single-crystal X-ray diffrac-  product ) is EPR silent. Similar to that 08, the !H NMR
tion analysis (Figure 1&f. The porphyrin core is slightly  spectrum oB contains, for instance, a signal at 10.41 ppm that
distorted, i.e., the confused pyrrole ring bearing the ethoxy is ascribable to an outward-pointing NH while displaying no
substituent is canted 18.&om the mean plane of the 24-atom  resonances for the three inner hydrogens. The comleis (
core. In contrast, the other confused pyrrole, as well as the two nearly square-planar and EC bond distances are 1.939(3) and
“normal” pyrroles, are tilted in the opposite direction, by 6.4 1.934(4) A (Figure 1c), which are comparable to that seen in
4.4, and 7.2, respectively. On a very different level, the the [Cu(CR)s~ anion (1.949-1.989 A)1! All of these data
crystallographic data provided support for the fact that only one support that the metal oxidation state®fs 3+, i.e., Cu(lll).
type of Nb.CP isomer is formed under the reaction conditions. Crystal data foi7—9 and selective bond lengths and angles for
8 and9 are summarized in Tables 1 and 2, respectively.

(7) Small amounts (ca. 0.5%) of EtOH and bromide anion were found

to be effective for this reaction. An effort with EtOH-free dry CH@b Complexes8 and9 were also characterized by bands in their
avoid generating products containing an ethoxy substituent led to only trace optical absorption spectra that were relatively sharpened com-
quantities of NCP. pared to those of the starting free base ligahdn particular,

A le- Iso isol in 13% vyiel hich will . . -
bef&bngﬁgﬁﬁ, %'See Cp(;ﬁfsuét was also isolated in 13% yield, which wi these three specieg{9) display Soret transitions at 424, 442.5,
(9)H and 13C NMR spectra for7—9 are given in the Supporting ~ and 441 nm and Q-bands at 627.5, 620, and 612.5 nm,
Information.
(10) We would like to thank Dr. Motoo Shiro (Rigaku Corporation) for (11) Naumann, D.; Roy, T.; Tebbe, K.-F.; Crump, Whgew. Chem.,
help with the X-ray structural work. Int. Ed. Engl.1993 32, 1482-1483.




Doubly N-Confused Porphyrin

Table 1. Crystallographic Details for—9

N.CP (7)

Ag—N:CP @)

Cu—N.CP ©)

emp formula  GeH1aN4F200

fw 1018.61 3.46 1079.13
color, habit  violet, prismatic  brown, prismatic blue, prismatic
cryst syst monoclinic monoclinic monoclinic
space group P2;/n P2:/n P2i/n
a, 18.685(3) 18.734(3) 18.583(3)
b, A 8.528(3) 8.324(1) 8.395(1)
c, A 27.866(4) 27.674(3) 27.732(3)
o, deg 90.00 90.00 90.00
B, deg 107.1270 107.84(1) 107.69(1)
y, deg 90.00 90.00 90.00
vV, A3 4246(2) 4108.3(9) 4121.5(9)
Zz 4 4 4
radiation Mo Ka (0.71069)
(2, A)
T,°C 23.0 —150.0 —70.0
Dc, g/cn? 1.593 1.816 1.739
u, mnt 1.579 6.252 6.653
diffracto- AFC7S RAXIS-RAPID RAXIS—RAPID
meter
R:2 0.062 0.071 0.059
WRSP 0.056 0.075 0.092
GOF 1.830 1.610 1.299
indep refins 10399 26966 37169
obsdreflns 3771 5174 9431
(I > 20(I))
parameters 640 649 650

%4]65'11N4F20A90 CaeH11N4F20CuO

AR = Z||Fo| — IFcll/ZIFol. ® Ry = [(XW(|Fol — |Fc)¥2wF?)]"2
Table 2. Selected Bond Lengths (A) and Bond Angles (deg)8or

and9

Ag—N,CP @) Cu—N.CP ©)
M—-C1 2.011(7) 1.939(3)
M—C2 1.987(9) 1.934(4)
M—N3 2.064(5) 1.969(3)
M—N4 2.047(7) 1.954(4)
Cl1-M—-C2 86.5(3) 85.2(2)
C2-M—N3 91.6(3) 92.0(1)
N3—M—N4 90.7(2) 91.1(1)
N4—M—C1 91.3(3) 91.7(1)
C1-M—N3 177.6(3) 176.2(2)
C2-M—N4 177.7(2) 176.1(1)

respectively (Figure 2). The optical spectrum of free bése
shows the large solvent shifts, probably due to the interaction

of outward NH and solvents (see Supporting Information).
Comparison between NCR)(and N.CP @), with regard to

their ability to coordinate silver and copper cations, reveals the
effect of the second site of pyrrolic confusion upon metal
complexation. In the case of silver complexation, the presence

of similar 3H arrangements in the core of bdtlnd4 suffices

to have both macrocyclic materials act as trianionic ligands,
thereby stabilizing the formation of Ag(lll) complexes. In the
case of copper, the NCP ligand serves to coordinate Cu(ll),

giving rise to an EPR active Cu(ll)NCP compl&®8y contrast,

the doubly confused systemy@P stabilizes a complex contain-
ing a copper(lll) center. This marked different ligand-derived
behavior provides an important reflection of the fact that doubly
confused porphyrird can readily act as a trivalent ligand,
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Figure 2. Optical absorption spectra of (a).GP (7), (b) Ag(lll)—
N2CP @), and (c) Cu(lll)>N,CP ) in CHCls.

the doubly confused porphyrin, such agd¥®, might be induced
to act as tetraanionic ligands and stabilize neutral M(IV)

stabilizing higher oxidation states. Indeed, at least in certain complexes (e.g.6). Further change in metal oxidation states
circumstances, the presence of a second confusion site serveffom “normal” M(ll) to M(lll) or M(IV) by confusion is of

to raise the oxidation state of the coordinated metal by one level. interest, and a variety of uses for the resulting materials in the
areas of, for instance, electron transfer and/or magnetic switching

Furthermore, if the outward pointing NH hydrogerdafould

be removed by oxidation, either chemically or electrochemically, Studies could be contemplated.

(12) A Cu(ll) complex was obtained easily from a CN-substituted
N-confused tetraphenylporphyrid){ EPR parameter (77 K, chloronaph-

thalene)g = 2.03, 2.05, and 2.13A¢,~=25, 25, 169 G, andy = 11, 11,
13 G. Private communication from Prof. Y. Ishikawa, Oita University.

Finally, we would like to propose a general nomenclature
for the N-confused porphyrin family that involves the use of a

(C,N) designation and appropriateandp suffixes to differenti-
ate the linkage positions. For exampleQ¥ (7) is 18-porphyrin
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(CoN,N,Cp)

(CosCe,CouN) (CasCaiCp:N) (CasCp,.CuiN) (Ca,CaN.Cp)
=N = - =N
S = — Cl \C =~
an ((,(H )\\)\ Kr[ )\)\‘ ((//(H )\,H
\ CH HC ! " YCH HC_ ! 1 CH HC ' CH HC_
77y N N H N N 4 N9y
LA T g
N= N= 'N N=
(CoCo,Co,Coq) (Co,C0,Coi, Cp) (Ca,Co.Cp.Cp) (Co,Cp,Ca,Cp)

“18-porphyrin (1.1.1.1.)-(Co,Cg,N,N)"

"22-pentaphyrin (1.1.1.1.1.)-(C,,N,N,N,N)"

Figure 3. Proposed nomenclature for NCPs.

(1.1.1.1.)-(G,Cs,N,N) (Figure 3). We believe this is one of the  Experimental Section
simple methods to identify the confused position of NCP.
Methods and Materials. Commercially available solvents and
Conclusion reagents were used without further purification unless otherwise
) ) mentioned. Silica gel column chromatography was performed on
A doubly N-confused porphyrin (}CP) and its Ag(lll) and Wakogel C-200. Thin-layer chromatography (TLC) was carried out on
Cu(lll) complexes were synthesized for the first time. Both aluminum sheets coated with silica gel 60 (Merck 5554) ~isible
complexes are diamagnetic and have a square-planar coordinaspectra were recorded on a Shimadzu UV-2400PC spectroniter.
tion with two sets of metatcarbon bonds. The trianionic nature  and3C NMR spectra were recorded on a JEQ500 spectrometer
of the NbCP ligand was demonstrated, and a possibility of (operating as 500.00 MHz fdH and 125.65 MHz fof3C) using the
stabilizing the higher oxidation state by confusion is suggested. residual solvent as the internal reference. Fast atom bombardment mass
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spectra (FABMS) were recorded on a JEOL-HX110 in the positive Cu(lll) Complex of 2-Ethoxy-5,10,15,20-tetrapentafluorophenyl-

ion mode with a 3-nitrobenzyl alcohol matrix. 3,7-diaza-21,22-dicarbaporphyrin (Cu(lll)—NCP, 9).To a solution
Preparation of mescePentafluorophenyl N-Confused Dipyr- of ethoxy-substituted tetrapentafluorophenyttR (7) (20.4 mg, 0.020

romethane. Confused dipyrromethane was obtained according to the mmol) in 20 mL of CHC} was added Cu(OAgH,O (4.2 mg, 0.021

procedure by Littler et & in 60% yield."H NMR (CDCl;, 500 MHz, mmol), and the mixture was stirred at room temperature overnight.

27°C): 6 (ppm) 8.19 (s, br, 2H, NH), 6.78 (dd, 1ld-H), 6.69 (dd, The solution was filtered with a silica gel column to remove excess
1H, a-H), 6.50 (s, 1H.a-H), 6.15 (”;' 2H,f-H), 5.98 (s, 1H,5-H), copper salt and evaporated. Recrystallization from hexanglGgave
5.82 (s, 1HmeseH). FABMS: m'z (% intensity) 246.1 (100, M — 9 as a green solid in quantitative yield: mp300°C.H NMR (CDCl,

CiHaN), 312.1 (54, M). 500 MHz, 27°C): & (ppm) 10.39 (br, 1H, outer NH), 8.31 (s, 1H
2-Ethoxy-5,10,15,20-tetrapentafluorophenyl-3,7-diaza-21,22-di- a-H), 8 58 (dJ i 4 5(psz )2H ﬁ'-H)(? ’90 ((’1 Ju: 55 I—?z iH ﬂ(j_") '

carbaporphyrin (N .CP, 7). To a solution of N-confused 5-(pentafluo- _ .
X 788 (d,J = 5.0 Hz, 1H,8-H), 4.58 (br, 2H, CHCH,0), 1.25 (t,J =
rophenyl)dipyrromethane (468 mg, 1.5 mmol) were added pentafluo 7.0 Hz, 3H,CHyCH;0). 13C NMR (CDCk, 125.65 MHz, 27°C): ¢

robenzaldehyde (294 mg, 1.5 mmol) and;BBr (242 mg, 0.75 mmol
in 0.5% EtO%/CI-(|CA (758 mL) and B)EOEtz (18gp¢L 1.% mmol) and) (ppm) 171.52, 150.59, 149.53, 145.99, 143.24, 132.38, 130.73, 130.02,
' ! 129.88, 128.72, 124.39, 120.91, 113.70, 110.78, 110.14, 106.55, 64.75

the mixture was stirred fo2 h atroom temperature. The reaction ° . h
mixture was then passed through a silica gel column and eluted with (CH:CH20), 13.97 CHCH,0). UV—vis (CHC): Amax[nm] (e x 10°)
CHCls. To a combined solution, DDQ (896 mg, 2.25 mmol) was added 368.0 (2.7), 441.0 (4.3), 612.5 (1.4). FABM8Vz (% intensity) 1078.20

and stirred fo 1 h atroom temperature. The green-colored product (100, M").

was separated by silica gel column chromatography (eluenCGH Single-Crystal Diffraction Analysis. Details of the crystal data are
hexane (3:2)), followed by recrystallization from hexanefCHlto give listed in Table 1. A single crystal of &P (7) was obtained by vapor

7 as a green solid in-12% yield: Rr = 0.5 (CH.Cl,); mp > 300 °C. diffusion of hexane into a Ci€l, solution of 7. The data crystal was

'H NMR (CDCl;, 500 MHz, 27°C): 6 (ppm) 8.95 (br, 1H, outer NH),  a violet prism of approximate dimensions 0.30 mn®.20 mmx 0.05
7.36 (d,J = 5.0 Hz, 1H,-H), 7.28 (d,J = 5.5 Hz, 1H,5-H), 7.06 (d, mm. Data were collected at room temperature on a Rigaku AFC7S
J=55Hz, 1H,-H), 6.98 (d,J = 5.0 Hz, 1H,5-H), 6.94 (s, 1H, diffractometer with graphite monochromated MaxKadiation ¢ =
a-H), 6.40 (br, 1H, inner NH), 4.33 (q] = 7.0 Hz, 2H, CHCH.0), 0.71069 A). Cell constants and an orientation matrix for data collection

3.52 (s, 1H, inner CH), 3.22 (s, 1H, inner CH), 1.12J& 7.0 Hz,
3H, CH3CH;0). *C NMR (CDCk, 125.65 MHz, 27°C): & (ppm)
172.04, 151.44, 134.483{(C), 131.49 g-C), 130.21, 129.184-C),
128.54 (inner C), 128.4Q¢C), 123.24, 121.94(-CH), 112.20, 105.01,

were obtained from a least-squares refinement using the setting angles
of 25 carefully centered reflections in the range 22020 < 24.92.
A single crystal of Ag(lI)NCP @) was obtained by vapor diffusion

104.97 (inner C), 94.59, 65.41 (GBH;0), 13.87 CHiCH,0) (pen of hexane into a CkCl, solution of8. The data crystal was a brown
. 1 . ] . 2 ) . 3! 2! - . . . .

tafluorophenyl signals could not be assigned because of the multiple prism of approximate dimensions 0.15 0.10 Ommx O.lO_mm.
coupling of 5C—19F). UV—vis (CHCE): Amax [NM] (¢ x 10-%) 347.0 The data were collected at a temperature ©50+ 1 °C to a maximum

(4.1), 424.0 (4.7), 627.5 (1.1), 667.5 (1.0). FABMBVz (% intensity) 26 value of 55.0 on a Riga_ku_ RAXISII imaging plate with graphite
1018.1 (97, M), 1019.1 (100, M + 1). monochromated Mq & radiation (1 =_O.71069 A). A total of 147
Ag(lll) Complex of 2-Ethoxy-5,10,15,20-tetrapentafluorophenyl- images, corresponding to 220.6scillation angles, were collected. A
3,7-diaza-21,22-dicarbaporphyrin (Ag(ll)—N,CP, 8).To a solution single crystal of Cu(lll)NCP @) was obtained by vapor diffusion of
of ethoxy-substituted tetrapentafluorophenyla® (7) (10.2 mg, 0.01 hexane into CKHCI; solution of9. The data crystal was a blue prism of
mmol) in 10 mL of 10% pyridine/CHGIwas added AgOAc (8.35 mg, approximate dimensions 0.40 mr10.40 mmx 0.10 mm. The data
0.05 mmol), and the mixture was stirred at room temperature overnight. were collected at a temperature ©f70 £ 1 °C to a maximum 2
The solution was filtered with a silica gel column to remove excess value of 55.0 on a Rigaku RAXISII. A total of 84 images, corre-

silver salt and evaporated. Recrystallization from hexaneGTGHyave sponding to 220.50scillation angles, were collected. For all crystals,

8 as a green solid in quantitative yield: rrp300°C.*H NMR (CDCls, the non-hydrogen atoms were refined anisotropically. The calculations
500 MHz, 27°C): ¢ (ppm) 10.37 (br, 1H, outer NH), 8.28 (d= 3.0 were performed using the teXs4mrrystallographic software package
Hz, 1H,a-H), 8.01 (d,J = 5.0 Hz, 2H,3-H), 7.83 (d,J = 5.0 Hz, 2H, of the Molecular Structure Corporation.

f-H), 4.55 (g, = 7.0 Hz, 2H, CHCH,0), 1.26 (t,J = 7.0 Hz, 3H,
CH4CH;0). 13C NMR (CDCh, 125.65 MHz, 27C): & (ppm) 172.53, . . L L
172,49, 149.44, 148.54. 144,09, 14199, 140,95, 132.36, 132.08, 129.87, SuPPorting Information Available: *H and **C NMR
129.54, 126.93, 126.87, 123.83, 123.68, 119.72, 114.24, 112.27, 112.14SP€ctra for7—9, optical absorption spectra &t and crystal
112.09, 108.11, 107.58, 65.05 (§EH;0), 13.99 CH:CH,0). UV— structural data for—9. This material is available free of charge
vis (CHCh): Amax[nm] (¢ x 107%) 368.0 (3.2), 442.5 (4.2), 620.0 (1.7),  Via the Internet at http://pubs.acs.org.

676.0 (0.82). FABMS:mz (% intensity) 1122.25 (76, M), 1124.26
(100, M* + 2). JA992679G

(13) Littler, B. J.; Ciringh, Y.; Lindsey, J. Sl. Org. Chem1999 64, (14) teXsan for Windowscrystal structure analysis package; Molecular
2864-2872. Structure Corporation, 1997.



