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Introduction

A major perspective in metal-assisted processes is the
modification and reactivity of large and relevant structures. Our
target molecule in the present study is the porphyrinogen
skeleton, which is the chemical and biochemical precursor of
porphyrins! Its complexation to metals and the consequent
chemistry were unsuccessful because of its oxidative instability
and fast conversion to porphyrihsThe metat-porphyrinogen
chemistry has been only recently developed usingntigso-
octaalkylporphyrinoge# the fully alkylated form of the usual
mesotetrahydrotetraalkylporphyrinogen. The metal-bonded
mesoectaalkylporphyrinogehi” was investigated from the point
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of view of a precursor of “artificial porphyring*and as a very
versatile bifunctional ligand in organometallic reactions, when
assisting the €H bond activatioh and the homologation of
the pyrrole to the pyridine rin§). In the latter reaction pyrrole

is attacked by an electrophilic carbenium iorwe report here
the metal-assisted reactions of benzaldehyde on titaniand
zirconium—mesoectaethylporphyrinogen which lead to the
modification and cleavage of the tetrapyrrolic structure as a
function of the oxophilicity of the metal.

Experimental Section

General Procedure. All reactions were carried out under an
atmosphere of purified nitrogen. Solvents were dried and distilled
before use by standard methods. The synthesel ahd 2° were
performed as reported. NMR spectra were measured on 200-AC and
400-DPX Bruker instruments.

Preparation of 3. A toluene (80 mL) solution of freshly distilled
benzaldehyde (1 mL, 9.7 mmol) was added under nitrogen to a dark-
green solution ofl (4.75 g, 6.5 mmol) in toluene (300 mL) at30 °C.
When the temperature was allowed to reach room temperature, the
solution turned red. After 48 h of stirring, the mixture was evaporated
to dryness. n-Hexane (150 mL) was added, and an ocre-red powder
was obtained (3.9 g, 85%). Anal. Calcd foxs8s4N4OTi: C, 74.80;

H, 7.90; N, 8.10. Found: C, 74.20; H, 7.90; N, 7.8% NMR (CgDs,
200 MHz, room temperature)d 6.94-6.80 (m, 5H, ArH), 6.78 (d,
1H, J = 5.3 Hz, GH:N), 6.69 (s, 2H, GH2N), 6.32 (d, 1H,J = 3.4
Hz, GH:N), 6.27 (d, 1H,J = 3.4 Hz, GH;N), 6.06 (d, 1H,J = 3.4
Hz, CH.N), 6.03 (d, 1H,J = 3.4 Hz, GH.N), 5.88 (s, 1H, PhEO),
5.65 (d, 1H, J= 5.3 Hz, GH:N), 2.77 (m, 1H, CH), 2.22 (m, 8H,
CH;), 1.92 (m, 4H, CH)), 1.59 (m, 3H, CH), 1.03 (t, 3H,J = 7.3 Hz,
CHs), 0.9 (t, 3H,J = 7.3 Hz, CH) overlapping with 0.89 (t, 3H] =
7.3 Hz, CH), 0.83 (t, 3H,J = 7.3 Hz, CH) overlapping with 0.82 (t,
3H,J= 7.3 Hz, CH), 0,72 (t, 3H,J = 7.3 Hz, CH), 0.64 (t, 3H,J =
7.3 Hz, CH), 0.52 (t, 3H,J = 7.3 Hz, CH). Red crystals suitable for
X-ray analysis were obtained from a saturated benzene solution (1.3 g
in 60 mL) upon addition of hexane (100 mL). Compoudidorms
independently of the Ti/PhCHO molar ratio.

Hydrolysis of 3. A toluene (40 mL) solution of8 (0.64 g, 0.75
mmol) was hydrolyzed with degassed water. The mixture turned
orange-yellow and was stirred for 1 night under nitrogen. Extraction
with toluene and evaporation to dryness gave poesoectaethylpor-
phyrinogen (0.38 g, 75%).

Reactivity of 3 with LiMe. LiMe (1.3 mL, 1.56 M, 2.1 mmol)
was slowly added to a toluene (150 mL) solutior8dfL..4 g, 2.0 mmol)
at —50 °C. Warming to room temperature resulted in the solution
turning gray-green (complek). After being stirred for 3 days, the
solution turned blue-green and was then evaporated to dryness and
hydrolyzed to givemeseoctaethylporphyrinogen.

Preparation of 6. Freshly distilled PhCHO (1.24 g, 11.7 mmol)
was added dropwise to a yellow toluene (100 mL) solutio2 ¢£.09
g, 5.85 mmol) and the resulting deep red solution was stirred at room
temperature for 5 h. The solution was evaporated to dryness and the
residue triturated witm-hexane (80 mL) to give an orange-yellow
powder which was collected and drigdvacuo(1.5 g, 30%). Crystals
suitable for X-ray analysis were grown imhexane. Anal. Calcd for
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Table 1. Experimental Data for the X-ray Diffraction Studies on
Crystalline Complexe8, 6, and7

complex

3 6 7
formula Q3H 54N40Ti C50H60N4Ong C82H76N4Ong2
a A 11.447(3) 18.552(3) 12.205(3)
b, A 18.842(4) 25.784(4) 22.265(4)
c, A 17.642(2) 17.561(3) 13.041(3)
o, y, deg 90 90 90
B, deg 101.68(1) 90 105.15(2)
Vv, A3 3726.3(13) 8400(2) 3420.7(13)
z 4 8 2
fw 690.8 840.3 1428.0
space group P2y/n(No.14) Pbca(No.61) P2j/c(No. 14)
t,°C —140 —140 —140
A A 154178 154178 154178
pealc gcnTd 1,231 1.329 1.386
u, cmt 22.23 24.96 30.04
transm coeff  0.8091.000 0.726-1.000 0.708-1.000
R2 0.044 0.045 0.049
wR22 0.123 0.124 0.142

aR= Y |AF|/3 |Fo|calculated on the unique observed data Ro(l)].
WR2 = [SW|AF?|ZSw|F2|3 Y2 calculated on the unique data having
> 0.

CsoHesN4O2Zr: C, 70.96; H, 7.86; N, 6.62. Found: C, 70.99; H, 7.45;
N, 6.67. *H NMR (C¢Ds, 200 MHz, 298 K): 6 7.62 (m, 2H, ArH),
7.10 (m, 10H, ArH) overlapping with 7.07 (d, 2H4E.N), 6.84 (m,
2H, GH:N), 6.64 (d,J = 4.88 Hz, 1H, GH.N), 6.32 (s, 2H, GH:N),
6.22 (d,J = 3.90 Hz, 1H, GH:N), 6.01 (d,J = 4.88 Hz, 2H), 4.95 (s,
2H, PhCHO), 3.03 (m, 1H, CH), 2.46 (m, 7H, CH), 2.10 (m, 4H,
CH,), 1.76 (m, 4H, CH)), 1.37 (t,J = 7.32 Hz, 3H, CH), 1.21 (t,J =
7.32 Hz, 3H, CH)), 1.05 (m, 6H, CH), 0.77 (t,J = 7.32 Hz, 3H, CH)
overlapping with 0.67 (m, 9H, Cyl

Preparation of 7. Freshly distilled PhCHO (5.25 g, 49.0 mmol)
was added dropwise to a yellow toluene (100 mL) solutio ¢£.22
g, 6.0 mmol), and the resulting deep red solution was stirred at room
temperature for 5 h. The solvent was partially evaporatedndrekane
(100 mL) was added. An orange-yellow powder formed and was then
collected and drieth vacuo(3.4 g, 40%). Crystals suitable for X-ray
analysis were grown in a mixture of toluenef8t Anal. Calcd for
CgH76N4OsZr2: C, 68.97; H, 5.36; N, 3.92. Found: C, 69.25; H, 5.35;
N, 3.77. *H NMR (CeDs, 200 MHz, 298 K): 6 7.79 (m, 8H, ArH),
7.27 (m, 10H, ArH), 7.12 (m, 10H, ArH), 6.93 (m, 8H, ArH), 6.75 (s,
8H, GH,N), 6.34 (m, 4H, ArH), 5.85 (s, 4H, PhGB), 4.42 (s, 4H,
PhCHO), 1.82 (q,J = 7.3 Hz, 4H, CH), 1.76 (q,d = 7.3 Hz, 4H,
CH,), 0.61 (t,J = 7.3 Hz, 6H, CH), 0.36 (t,J = 7.3 Hz, 6H, CH).

The best way to run the reaction is to use a 1:4 Zr/PhCHO ratio.
Compound7 can be equally well obtained reactibgwith 2 equiv of
PhCHO.

X-ray Crystallography for Complexes 3, 6, and 7. Intensity data
were collected at low temperature on a single-crystal four-circle
diffractometer. Crystal data and refinement details for compl&es
6, and7 are given in Table 1. The reduced cells were obtained with
use of TRACERY? For intensities and background individual reflection
profiles were analyze#. Intensity data were corrected for Lorentz and
polarization effects and for absorpti#h.The function minimized during
the full-matrix least-squares refinement was|AF2|? using a weighting
scheme based on counting statistttsAnomalous scattering corrections
were included in all structure factor calculatidd%. Scattering factors
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Notes

Figure 1. ORTEP view of the structure of compl&(50% probability
ellipsoids).

for neutral atoms were taken from ref 14a for non-hydrogen atoms
and from ref 15 for H. Among the low-angle reflections, no correction
for secondary extinction was deemed necessary.

The structures were solved by the heavy-atom method (Patterson
and Fourier syntheses). Refinement was first done isotropically and
then anisotropically for all the non-H atoms using the unique data with
I > 0. In complex7 the C62-C67 aromatic ring was found to be
disordered over two positions called A and B which were isotropically
refined with a site occupation factor of 0.5 by applying a rigid body
constrain Dgn symmetry). The H atoms except those associated with
the disordered benzylic group, which were ignored, were located in
AF maps and introduced in the refinements as fixed contributors with
isotropic U values fixed at 0.05 Afor all complexes. The final
difference map showed no unusual features, with no significant peak
above the general background. Selected bond distances and angles
are given in Tables 24 for complexes3, 6, and7, respectively'®

Results and Discussion

The reaction ofl8 and 2562with PhCHO was carried out in
toluene at room temperature, with various stoichiometric ratios
depending on the metal. In the caselpfregardless of the
stoichiometric ratio, reaction conditions, and time, we obtained
3 exclusively and almost quantitatively. The genesi8 aan
be easily understood by assuming precoordination of benzal-
dehyde to titanium, which would enhance its electrophilicity,
followed by the attack of benzaldehyde on th@yrrole carbon
of one of the pyrrolyl anions of the macrocycle. The coordina-
tion of benzaldehyde to the metal center is a general event in
such reactionde infra the reactivity of zirconium). In the
case of titanium we did not observe any further reaction with
PhCHO, as expected due to the lower Lewis acidity of the metal
on 3 ys 1. The addition of PhACHO td gave rise to a novel
pentadentate tetraanionig® macrocyclic ligand. The reaction
of 1 with PhCHO introduced two chiral centers, though a single
diastereoisomer has been observed in the ca8e dhe steric
hindrance of themesaecarbon and the phenyl group prevents,
very probably, the formation of the other diastereoisomer. The
red crystals of3 have been characterized, including an X-ray
analysis. The structure a3 is reported in Figure 1, with
structural parameters in Table 2.

The pyrrole rings containing the N1, N2, N3, and N4 nitrogen
atoms are referred as A, B, C, and D, respectively. The
increased electron demand by titaniun8ialong with the steric

(15) Stewart, R. F.; Davidson, E. R.; Simpson, WJTChem. Physl965
42, 3175.
(16) See paragraph at the end of paper regarding Supporting Information.
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Table 2. Selected Interatomic Distances (A) and Angles (deg) for  Scheme 1
Complex3

H
Til—01 1.850(2) C3C4 1.370(4) R_R R-H Ph-C

Til—N1 2.105(2) C4C5 1.504(4) L= thf

Ti1—N2 2.139(2) C5-C6 1.504(4) R R PhCHO

Ti1—N3 2.042(2) C6-C7 1.456(4) R . Tolene”

Ti1—N4 2.295(2) c#C8 1.331(5)

Til—C16 2.371(2) C8C9 1.501(3) RR R<R
Til—C17 2.459(2) C9C10 1.590(4) (""" "-EtgNgTi(thd),), 1 [n"-n"-n"-n’EtgN4-CH(Ph)-0}Ti], 3
Til—C18 2.465(2) cocal 1.574(3) 5.1.5 1 1o o S-Et N .
Til—C19 2.336(2) clecii 1.523(3) (°n'n"n"-EeNHZA(tA], 2 [fn-n'-n"n"-ElgN,-CH(PR)-O}zr]. 4
01-C41 1.422(3) C1iC12 1.366(6) o H 'M=Zr
N1-C1 1.393(3) C12C13 1.412(5) o
N1-C4 1.398(3) C13C14 1.357(5) ph. M %0
N2—C6 1.299(3) C14C15 1.507(3) CARE/
N2—C9 1.483(3) C15C16 1.515(4) \

N3—C11 1.381(3) c16C17 1.413(3) R R
N3—C14 1.396(3) C17C18 1.399(3) - R “w—( R
N4—C16 1.365(3) C18C19 1.405(3)

N4—C19 1.384(3) C19C20 1.504(4) R<Rr R
C1-C2 1.361(5) C41-C42 1.519(3) [(n"-n"n"-n®-EtgN4-PhCO)Zr(OCH,Ph)], 6 5

c2-C3 1.416(5) PRCHO

N3—Til—N4 98.2(1)  Tit-N3-C11 127.9(2) R R

N2—Til—N4 146.3(1) C1:N3—Cl14 106.7(2) N

N2-Til—N3 79.7(1)  Tit-N4—C19 74.2(1) )} NORN4

N1-Til—N4 80.7(1)  Tit-N4—C16 76.1(1) e 2 Cepn PUNIN
N1-Til—N3 135.5(1) C16-N4—C19 106.6(2) PO . L
N1-Til—N2 78.0(1) N2-C9-C8 102.8(2) Ph O/ Oc.Ph ~ Se-
Til—01-C41 123.5(1) C8C9-C4l 113.3(2) e e PR
Til—N1-C4 132.1(2) C8C9-C10 111.2(2) w R' = CH.Ph

Til—-N1-C1 120.3(2) N2-C9-C41 101.5(2) TN 2

C1-N1-C4 105.5(2) N2-C9-C10 110.8(2)

Til—N2—C9 100.9(1)  C16C9-C4l  116.02) ({EtN2(PhCO)2lZra(i-OCHoP)]. 7

Til—N2—C6 137.2(2) 0%C41-C9 108.8(2)

C6-N2—C9 109.1(2) C9-C41-C42 113.8(1) Scheme 2

Ti1l—N3-C14 124.5(2) 01C41-C42 109.7(2)

hindrance of the novel ligand causes a change in the bonding
mode of the porphyrinogen skeleton fraphn®-n*-n in 18 to
nt-nl-nt-p®in 3. The Ti—centroid distance to the D pyrrolic
ring, 2.071(2) A, is quite close to those found in [(£Fi)
derivativest” Titanium shows a distorted square pyramidal )
coordination with the Nset defining the basal plane. The-Ti Attempts to demetalat® and to free the corresponding
01 direction forms a dihedral angle of 30.2(#)ith the normal ~ Pentadentate macrocyclé@a hydrolysis led, instead, to the
to the basal plane. The Nore shows tetrahedral distortions ©iginal mesoectaethylporphyrinogen and benzaldehyde revers-
ranging from—0.081(2) to 0.084(2) A, with titanium displaced g the condensation processioio 3. The same process from
by 0.685(1) A toward O1. The macrocycle assumes a confor- S {0 1 can be reversed by reactidgwith strong nucleophiles
mation with the opposite B and D pyrrole rings tilted upward SUch as LiMe which removes PhCHO frarand re-formsl.
and the opposite A and C rings downward with respect to the DU€ t0 its higher oxophilicity and coordination number,
N, core (“up” means the side of theslane tilted toward the Zirconium drives the reactions in Scheme 1 muph fur;her. than
01 oxygen), the dihedral angles formed with theddre being titanium; thus,4 might be not isolated. Our investigation
44.7(1), 41.7(1), 19,9(1), and 80.6(Hpr the A, B, C, and D focused, however, on the subsequent reaction products. The
rings, respectively. The FN bond distances associated with  following step requires 2 equiv of PhCHO and proceeds, to
uncharged N1 [F-N1, 2.105(2) A] and N2 [T+N2, 2.139(2) without any possibility of intercepting intermediates l&kand
A] forming N~H—C hydrogen bonding [N4C43, 3.583(4) A; ' o
N1-H43, 2.62 A; N#-H43-C43, 165] are particularly long The coordination of a second molecule of PhCHO on
compared to those it and Ti-N3 [2.042(2) A]. The five- zirconium, which achieves the coordination number 7, results
membered metallacycle [Ti,01,C41,C9,N2] has an envelope in the juxtapositioning of an alcoholic and a carbonylic function.
conformation. The C9 is displaced by 0.645(2) A from the mean AS in the case of At ;lr%on!um assists the so-called Meer-
plane through B and is almost perpendicular to it [dihedral Wein—Ponndorf reduction? with the hydrogen transfer from
angle 97.01(F). The C41-01, C41-C9, N2-N6, C7—CS8, the alcohoalic to the carbonylic functiona a cyclic transition
and TO1 distances (Table 2) support the bonding sequence Staté similar to that shown schematically far This causes
given in Scheme 1. the cleavage of the €C between the pyrrole and thagse

The a-carbon in the pyrrolyl anion is particularly sensitive carbon and affords the structure shown éofsee also Figure
to electrophilic attack, as shown by the synthesis of the starting 2).

macrocyclé? and redox chemistry emphasized by its transfor- ~ Complex6 has been isolated as yellow-orange crystals. Its
mation into artificial porphyrin&* (Scheme 2). structure allows us to understand the further transformation in

the reaction with benzaldehyde.

(17) Bochmann, M. InComprehensie Organometallic Chemistry ;lI
Wilkinson, G., Stone, F. G. A., Abel, E. W., Eds.; Pergamon: Oxford, (18) March, JAdvanced Organic Chemistngrd ed.; Wiley: New York,
U.K., 1995; Vol. 4; Chapter 5. 1985; p 913.
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A

65
CB4A
%
C63A é@ CB6A

C62A ®§ C67A

Figure 2. ORTEP view of the structure of compl&x50% probability
ellipsoids).

Table 3. Selected Interatomic Distances (A) and Angles (deg) for
Complex6

Zr1-01 2.236(4) Cc2C3 1.411(8)

Zr1-02 1.923(4) C3cC4 1.374(7)

Zr1—N1 2.192(3) C4-C5 1.530(7) _ _ -
Zr1—N2 2.222(3) C5-C6 1.508(7) Figure 3. ORTEP view of the structure of compl&(50% probability
Zr1—N3 2.616(3) C6-C7 1.430(7) ellipsoids). Prime denotes a transformation of X, —y, 1 — z The
Zr1—N4 2.445(3) c7Cs8 1.373(8) B position of the disordered C6ZC67 aromatic ring has been omitted
Zr1—-C16 2.491(5) Cc8C9 1.404(7) for clarity.

Zr1-C17 2.598(5) c9cC41 1.407(7)

Zr1-C18 2.628(4) c1eci1 1.356(7) Scheme 3

Zr1—C19 2.509(4) C11C12 1.441(7) )

01-C41 1.282(6) C12C13 1.351(7) o o

02-C51 1.384(6) C13C14 1.451(7) ph-C Ph-C_ O

N1-C1 1.408(5) C14C15 1.504(7) N N = i N

N1-C4 1.402(6) C15C16 1.514(7) N Y

N2—-C6 1.328(6) Cc16C17 1.405(7)

N2—-C9 1.391(6 C1#C18 1.402(7 . . .

N3—C11 1_427((6% C18C19 1.4098 distance [2.236(4) A] in agreement with the values of the@®
N3—C14 1.321(6) C19C20 1.516(6) bond distances and Z0—C bond angles indicating a single
N4—C16 1.386(6) C41C42 1.477(6) bond character of the @251 bond [1.384(6) A] and a partial
N4—C19 1.366(5) C53C52 1.506(8) double bond character of the ©C41 bond [1.282(6) Al.
c1-c2 1.374(7) C52C53 1.392(8)

As far as the latter point is concerned, the structural
N3—-Zr1—-N4 65.0(1) Zri-N3-C11 133.1(3) parameters (Table 3) related to the benzoyl gratipnded to
N2—Zr1-N4 139.8(1) C1¥N3-Ci4 106.5(4) the pyrrole B allow us to write down equally well the two

N2—-Zr1—-N3 82.2(1) Zrt-N4—C19 76.6(2) ; .

N1—Zr1—N4 86.3(1) ZI-N4—C16 75.5(2) bonding sequences shown in Scheme 3.

N1-Zr1—-N3 104.6(1) C16-N4—C19 106.9(3) Accordingly, this system is nearly planar, the displacements
N1-Zr1-N2 79.9(1) N2-C9-C8 108.9(4) from the planarity ranging from-0.119(5) to 0.100(5) A. The
Srll__zori:&zl 1 1?%‘2((13)) ﬁggg:gﬁ ﬁggg; dihedral angle between the pyrrole and the metallacycle is 9.7-
Zr1—02—C51 167:1(3) C25C10-C27 116:3(4) (2)°. The cleavage of €C at themesoposition occurs with
Zr1—N1—C4 130.5(3) C11C10-C27 122.2(5) the formation of the C18C11 [1.356(7) A] double bond and
Zr1-N1-C1 121.7(3) C1%C10-C25 121.4(5) as a consequence the bonding sequence shown for the C pyrrole,
C1-N1-C4 105.5(4) 01+C41-C9 118.5(4) which interacts very weakly with zirconium at a distance of
%&:mg:gg ﬂgigg gigﬂzgg ﬁggg; 2.616(3) A. The weakly bonded nitrogen, N3, can be easily
C6-N2—C9 108:0(3) 02C51-C52 114:7(4) displaced by an incoming molecule of PhCHO which, through
Zr1-N3—-C14 110.6(3) the same pathway, cleaves a secamebebridge and leads to

the formation of7 and to the extrusion 8. Complex7 can

The coordination polyhedron around zirconium is a distorted be obtained either by reactirywith 4 equiv, eventually an
tetragonal bipyramid, with the apical sites occupied by the O2 excess of PhCHO, or by reactirgwith 2 equiv of PhCHO
and N3 atoms and the best equatorial plane defined by O1, N1,under the same conditions. The rearrangement of the mono-
N2 and the centroid of thg®-bonded D pyrrole ring [Z+Cp4, meric precursor to a dimeric form likeé (see Figure 3) is not
2.240(4) A]. The metal is displaced by 0.166(1) A from the chemically relevant. The reaction ends up with the formation
equatorial plane which shows significant tetrahedral distortions of a quadridentate dianionicJ®, chelating ligand which is the
ranging from—0.050(4) to 0.062 A. The 202 bond distance  deprotonated form of the dibenzoyle/'-dipyrromethane. The
[1.923(4) A] is significantly shorter than the ZO1 bond synthesis of diacyi,a’-dipyrromethanes can be performed
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Table 4. Selected Bond Distances (&) and Angles (deg) for dihedral angle they form is 11.4¢1) The two monomeric units
Complex7? are bonded in centrosymmetric dimers by the bridging alkoxo
Zr1-01 2.223(4) c:C2 1.409(7) oxygens O3 and O4. The coordination polyhedron around
Zr1-02 2.236(4) C:C51 1.402(8) zirconium could be described as a distorted pentagonal bipyra-
Zr1-03 1.906(4) CzC3 1.357(11) mid with the equatorial plane defined by the nitrogen and
érl—04’ 2.201(4) C3C4 1.415(9) oxygen atoms of the )D, core and by the O4 oxygen atom
r1—04 2.159(4) C4C5 1.506(10) . . X -,
Zr1—N1 2.296(5) C5C6 1.516(9) [displacements in the range0.299(4) A]. The axial positions
Zr1—N2 2.292(5) C6-C7 1.407(10) are occupied by the O3 and Odxygen atoms'(= 1 — X, —
01-C41 1.274(8) C#C8 1.376(8) y, 1 — 2), the Zr-03 and Zr-0O4 lines forming dihedral angles
83‘%2% iﬂ?gg gggzl i-j%gg)) of 2.9(1) and 7.9(P) respectively, with the normal to the
O04—C71 1.425(6) Catoar 1.491(8) E\quatorlal plane. Zirconium is displaced from it by 0.114(1)
N1—C1 1.405(9) it 1.480(10) \ toward O3. The Zr,N1,C1,C51,02 and Zr,N2,C9,C41,01
N1—C4 1.343(7) C6LCBH2A 1.654(10) five-membered chelate rings are nearly planar [displacements
N2—-C6 1.334(7) C61+C62B 1.406(9) ranging from—0.058(5) to 0.043(5) and from-0.066(5) to
N2—C9 1.405(8) C7xC72 1.508(8) 0.074(5) A, respectively] and coplanar with the adjacent A and
N1—2Zr1—N2 73.5(2) ZI=N2—C6 138.7(4) B pyrrole rings, the dihedral angles they form being 8.5(2) and
03-7r1—04 171.1(2) C6-N2—C9 106.3(5) 7.1(1y, respectively. The Zr,N1,C4,C5,C6,N2 six-membered
02—-Zr1—N1 70.8(2) N+C1-C51 115.8(5) chelate ring assumes a flattened half-boat conformation, the C5
8?‘?1—83 ;6135)((%)) g};g%—ggl igilg@) mesecarbon atom being displaced by 0.200(5) A from the mean
—7r1— . _ . 3
O1-7r1—04 73.72) N2-Co—C8 109.4(4) plane through thg other atoms. As a poss@le consequence of
O1-7r1-02 145.6(1) C8C9—0a1 135.2(5) the seven-coordinate _mgt_al, the-2M bond distances [mear_1
Zr1—01—C41 121.0(3) N2C9—C41 114.8(5) value 2.294(5) A] are significantly longer than the corresponding
Zr1-02-C51 119.9(3) 0%C41-C9 118.1(5) Zr—N2 bond distance in complex The Zr—01 [2.223(4) A]
Zr1-03-Cé61 166.9(4) C9C41-C42 122.9(5) and Zr-02 [2.236(4) A] bond distances involving the oxygen
Zr1-04-Zrl' 107.6(2) ~ OL-C41-C42 118.7(5) atoms of the benzoyl groups as well as the @3 bond distance
%ﬁ__gf__g;ll ggggg giggi:géz ﬁg?g [1.906(4) A] involving the oxygen atoms of the alkoxo ligands
Zr1—04 —7r1’ 107.6(2) 0O2C51—C52 118.7(5) agree well with the corresponding values observe@.inThe
Zrl1—N1-C4 138.2(4) 03C61-C62B 125.0(6) Zr—04 bond distance [2.201(4) A] is remarkly longer than-Zr
Zr1-N1-C1 114.3(4) 03-C61-C62A 103.7(5) 03 as expected by the bridging role of the O4 oxygen atom.
C1-N1—C4 106.3(5) 04C71-C72 113.8(4) The metal-assisted electrophilic activation of the porphyrino-
Zr1—N2—C9 114.9(3) ; X .
gen skeleton sheds light on some of the important processes in
@ Prime denotes a transformation of-1x, -y, 1 — z which porphyrinogen is involved, such as the macrocyclic ring
closure and opening and its degradation to dipyrromethane
either from the direct acylation of the dipyrrometh&ar from moieties. From a synthetic point of view, such reactions can

the reaction reported here, usi@gas starting material. The  be adapted to major synthetic purposé$the functionalization
latter method can be a quite convenient synthesis, due to theof the porphyrinogen skeletonji) the synthesis of novel
availability of themeseoctaalkylporphyrinogen complexes. In  polydentate ligands derived froma’-dipyrromethane.

addition, it leads directly to the corresponding metalated form.
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