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The preparation of the oxo vanadium(lV) complex of 2,3,7,8,12,13,17,18-octachloro-
5,10,15,20-tetrakis(4-tolylporphyrin) with the formula [V(CIgTTP)O] is described. The
presence of chlorine atoms at the [3-pyrrole positions of the porphyrin have a very important

role on the electronic and structural properties of [V (CIgTTP)O].
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Abstract

The present work is concerned with the oxo vanafiMpctomplex of 2,3,7,8,12,13,17,18-
octachloro-5,10,15,20-tetrakis(4-tolylporphyrin)thvithe formula [V(GTTP)O] (), which
was prepared by reacting the o0xo0[5,10,15,20-tet(dkiolylporphyrinato)]vanadium(IV)
complex ([V(TTP)Q]), under aerobic atmosphere, watharge excess of thionyl chloride
(SOCL). The title compound was characterized by UV-Vesilspectroscopy, cyclic
voltammetry and X-ray crystal structure. The eleatwithdrawing chlorine substituents at
the pyrrole carbons in the vanadylsCIP derivative produce remarkable redshifts of the
Soret and Q absorption bands and an important arshift of the porphyrin ring oxidation
and reduction potentials. This is an indicationt ttree porphyrin core of complex)(is
severely nonplanar in solution. The molecular $tmecof our vanadyl derivative shows a
very high saddle distortion and an importantuffled deformation of the porphyrin
macrocycle. The crystal structure of (s made by one-dimensional chains parallel tocthe

axis where channels are located between theseschain

Keywords: Oxo vanadium(1V) metalloporphyrin, UV-visible, €lic Voltammetry, X-ray

diffraction

1. Introduction

TheB-pyrrole positions halogenated porphyrins and regialphyrins were studied as early
as 1973 when Callot prepared sevd¥gdyrrole bromine free bases porphyrins and nickel
metalloporphyring1]. Free bases and metallategksearylporphyrins are widely used in

porphyrin and metalloporphyrins chemistry becaddbeir usually easy preparation.
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However, the phenyl groups and the porphyrin coeesterically constrained to lay essentially
perpendicular to each other, therefore, only tliriative effect of the phenyl is transmitted
to the porphyrin core. The substitution at $wpyrrole positions of the porphyrin with
electron donor/withdrawing groups can have a dieffdct on the electronic properties of
these species since they case undergo direct aiigugof the porphyrimt system. About
ten years after the first preparation by Callos@feral3-pyrrole brominated porphyrins and
metalloporphyrins, these halogenated porphyrinispegere successfully used for catalytic
alkane hydroxylation and olefin epoxidatig,3]. For these derivatives, the electron-
withdrawing substituents at tH&pyrrole positions increase the catalytic activitythese
species and makes these compounds robust and leifficignt oxygen transfer catalysts. It
has been shown that the presence of eight halagethep-pyrrole positions results in the
severesaddleand moderateuffling distortions of the porphyrin core due to the stretegic
interaction between the halogens at fagyrrole positions and thmesephenyls[4]. As a
consequence, the electronic spectra of these spexfebit important redshift of the Soret
and Q bands. Additionally, the cyclic voltammogramis these 3-pyrrole halogenated
porphyrin species present a large anodic shifhefredox potentials of the porphyrin ring
compared to the unsubstituteteseporphyrins derivatives]. In 2011, Taghawvet al, [6]
reported the catalytic activity of the high-valertis-(trifluoromethanesulfonato)
[tetraphenylporphyrinato]vanadium(IV)] ([V(TPP)(Q4) in the acetylation of alcohols and
phenols with AgO. By the other hand, it is noteworthy that sevesahadyl porphyrin
complexes present interesting anti-HIV properteegards infected immortalized T-ce[8].
With the aim of understanding the effect of thesprece of chlorine atoms on tRepyrrole
positions on the electronic and structural propertf vanadyl metalloporphyrins, we report
here the preparation of the oX®pyrrole octachlorinated porphyrin vanadyl complex
namely oxo[(2,3,7,8,12,13,17,18-octachloro-5,1®@a8etrakis(4-tolylporphyrinato)]
vanadium(lV) [V(CETTP)O] () using a relatively easy synthetic procedure imvig the
reaction of the vanadyl complex with the unsubstdunesetertakis(4-tolylporphyrin)
([V(TTP)O]) with an excess of thionyl chloride. Bhicoordination complex was
characterized with UV-visible spectroscopy, cyclioltammetry and X-ray molecular

structure.



2.1 General Information

All solvents and reagents were purchased from cawialesupplies and used without further
purifications. The [VO(TTP)] starting material wesgnthesized according to the standard
literature method8]. All manipulations were carried out under aeratmaditions. The UV-
visible spectra were recorded with a WinASPECT PLW&idation for SPECORD PLUS
version 4.2) scanning spectrophotometer. MALDI-TOIS spectra were recorded on an
Ultraflex mass spectrometer (Bruker Daltonics) witha matrix. Cyclic voltammetry (CV)
experiments were performed with a CH-660B potetdiof@CH Instruments). All analytical
experiments were conducted at room temperaturerwadargon atmosphere (argon stream)
in a standard one-compartment, three-electrodeéretd=mical cell. Tetra-n-butylammonium
hexafluorophosphate (TBARF was used as the supporting electrolyte (0.1 M) in
dichloromethane previously distilled over calciugdtide under argon. An automatic Ohmic
drop compensation procedure was systematically emehted before the CV data were
recorded with electrolytic solutions containing #tadied compounds at concentrations of ca.
10°M. CH Instruments vitreous carbop=(3 mm) working electrodes were polished with 1
um diamond paste before each recording. The satucaiemel electrode SCE (TBARB.1

M in CH.Cl,) redox couple was used as the reference electrbde. potential of the
ferrocene/ ferrocenium redox couple was used asingrnal reference (0.37 V/SCE

experimental conditions).

2.2 Synthesis of the ox0[(2,3,7,8,12,13,17,18-ttao-5,10,15,20-tetrakis(4-
tolylporphyrinato)]vanadium(1V) [V(GITTP)O] (1)

[V(TTP)O] (100 mg, 0.135 mmol) and SQQL mL, 13.75 mmol) were stirred together in
dichloromethane (10 mL) at room temperature for twaurs. The color of the solution
changes from purple to green corresponding to cexfp) and the solvents was removed
under vacuum. Crystals ofl)(were obtained by slow diffusion of n-hexane urib@
chloroform solution (109 mg, yield ~ 80%).

Anal. Calc. for (), CssH2¢ClgN4,OV (1011,34 g/mol): C, 57.01; H, 2.79; N, 5.54%uRd:
C, 57.12; H, 2.81; N, 5.67%. UV-visiblaJax (nM) in CHCl,, (¢.10° L.mol*.cm™)]:451
(398), 577 (5.1)*H NMR (300 MHz, CDC}, 298 K):&(ppm): 8.04 (d, 8H, Ho,0’), 7.72 (d,
8H, Hm,m’), 2.69 (s, 12H, -CHLMS (MALDI-TOF) m/z= 1012.33 [V(C{TTP)O]+H]".



2.3 X-Ray Structural Analysis

A suitable crystal ofl with approximate dimensions 0.31x0.26x0.15 hwas selected and
mounted on a glass fiber oil on a D8 VENTURE Bruk&S diffractometer equipped with a
graphite monochromatic Mo-K radiation sourée= 0.71073 A). The unit-cell parameters
were calculated and refined from the full data #mel data collection was performed with a
Bruker D8 VENTURE diffractometer at 150 K. The e=flions were scaled and corrected for
absorption effects by using SADABS). The structure was solved by direct method bygisin
SIR-2004 progranfil0] and refined by full-matrix least-squares technigoed® by using the
SHELXL-97 program[11]. The crystallographic data and structural refineimaetails of
complex(l) are shown in Table 1.

Table 1. Crystal data and structural refinemenf¥¢€IsTTP)O] complex k).

Formula GsHosClsN4OV
Deae/ g cm® 1.633

w/ mm* 0.807

Formula Weight 1011.28

Color black

Shape prism

Size/mm 0.31 x 0.26 x 0.15
T(K) 150

Crystal System tetragonal
Space Group | 4,/a

a(A) 20.4557(9)

b (A) 20.4557(9)

c(A) 9.8334(6)

V(A?) 4114.7(6)

Z 4

emin (o) 3.04

Bmax (°) 26.00

Reflections measured 10240
Reflections used 2004

Rint 0.0518
Parameters 146

Largest Peak Largest Peak 0.554

Deepest Hole -1.759

S [Goodness of fit] 1.136

R WR,’ [Fo> 4o(F,)] R, =0.0791wWR, = 0.2476
R WR,[all data] R. = 0.0902wR, = 0.2581
CCDC 1532095

* R1=X|Fol-FcllEIFol-": wR2 ={ W(IF ol ~F ) I/ =[W(|Fol’) T **.



3. Results and discussion
3.1. Synthesis

In 1973 Callotet al, [1] reported for the first time thg-pyrrole halogenation reactions on
the mesetetraphenylporphyrin (\TPP). The author was able to substitute up to four
bromine at thg3-pyrrole positions by reaction the,HPP porphyrin with increasing amounts
of N-bromosuccinimide (NSB) in chloroform underloef Later on, Krishnaret al, [12]
have prepared the 2,3,7,8,12,13,17,18-octabromasetetraphenylporphyrin (bBrsTPP) by
reacting the [Cu(TPP)] complex with an excess @il bromine leading to thg-pyrrole
octabromo derivative [Cu(BFPP)]. The free base ,BrgTPP was then obtained by
demetallation using perchloric acid. Meunedral. [ 13] used also an indirect method to
prepare the 2,3,7,8,12,13,17,18-octabramesetetratetramesitylporphyrin  4BrgTMP
starting from the [Zn(BTMP)] complex which is demetallated using the tigfhcetic acid
(CRCOOH).

A new synthetic method, which is easier and gibetéer yield than those mentioned above,
was reported by Mironowt al., [14] for the preparation of the octachlof»pyrrole
porphyrin complexes which were synthetized startiiigm the desired metallated
unsubstituted porphyrin type [MiesePorph)] using the thionyl chloride SQCis reagent
and solvent.

In the literature, the only reported vanadyl-pomimy complex with a (-pyrrole
octachlorinated porphyrin is the [VIIPP)O] for which only a communication of the
molecular structure of this species is repoiftes]. We used a modified Mironov synthetic
method[14] to prepare the vanadyl<4JITP complex ) starting from the o0xo(5,10,15,20-
[tetrakis(4-tolylporphyrinato]vanadium(lV) compleXV(TTP)O]) for which we added an
excess of SOGlunder room temperature leading after about 2 htaues green solution of
complex () namely : the o0xo0[(2,3,7,8,12,13,17,18-octachloyDO,15,20-tetrakis(4-
tolylporphyrinato)]vanadium(1V) with the formula [€IsTTP)O]. Our synthetic vanadyl

speciesl() was obtained with a high yield of about 80%.

3.2. Solution UV-vis investigation

Ghoset al, [16] indicated that the porphyrin-central metal intei@td « porphyrin(a)-

metal(dy) » and « porphyringg)-metal(d,z_,z) » in a Dy symmetry exist irruffle and



saddledistortions respectively but cannot occur in ptaparphyrin macrocycle systems.
This is due to the fact that in planar porphyrihee HOMO a, and a, orbitals and the g
and d,z_,2 metal orbitals are orthogonal. Therefore, the HOMIOItal of the porphyrin
complex is destabilized, while the LUMO orbital tfe metalloporphyrin is practically
unchanged, leading to a decrease of the HOMO-LUM&gy. Consequently, the Soret and
the Q absorption bands are redshifted. Additiondlfck to 1973, Callot pointed out that for
B-pyrrole substituted porphyrin, each bromine suwbistin at the pyrrole position
contributed a redshift of about 6 nm with respedtedhe unsubstituted FIPP porphyrin
[17,19] In Table 2 are reported the UV-visible data ofesal metalloporphyrins witlf3-
pyrrole halogenated porphyrins. All these specresgnt very redshifted Soret and Q bands.
The absorption spectra df) (and the [VO(TTP)] starting material are shownFigure 1.
The Soret band value of the [V(TTP)O] starting matewith the unsubstituted TTP
porphyrinate, which is 426 nm, shifts to 451 nnea#idding a large excess of S@@I the
dichloromethane solvent leading to the [\YIB?P)O] complex I) with the B-pyrrole
chlorinated JTTP porphyrinate and the color of the solution demfrom purple (TTP-
vanadyl derivative) to green (JITP-vanadyl species). We notice that the value@f of
the Soret and Q bands @) @re quite smaller than that of tRepyrrole brominated BTPP
derivative [V(BgTPP)O][12] (which is 464 nm) .These results cannot be exptbaordy by
the withdrawing effect of the chlorine atoms at {ositions of the porphyrin. The
important red shift of the Soret and Q bands isnlgadue to the bulkiness of tlepyrrole
groups which lead to an important steric interacbetween these groups and the phenyls at
themesopositions of the porphyrin. Additionally, the fabiat the electronic spectrum oj (

is very redshifted is an indication that in soluatiothis derivative and the related
halogenatedspecies present vesgddle and ruffed deformations of the porphyrin

macrocycles.
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Figure 1. UV-visible absorption spectra of the tatgrmaterial [V(TTP)O] and [V(GITTP)O] () in
CH,Cl, solution at concentrations ~10The inset shows enlarged view of the Q bands.

Table 2.UV —visible data for [V(CKkTTP)O] () and selectefi-pyrrole halogenated porphyrin
complexes.

Complex Solvent Soret band Q bands Ref.

Amax [NM] (£.10°L.mol™.cri?)

[Ni(ClgTPP)¥ CH,Cl, 439(468) 553 (1.10) 587 [20]
[Ni(BrgTPP) CH,Cl, 449(557) 561 (1.20) 599 [20]
[Ni(ClsTBPP)F n-hexane 456 584 652 [14]
[Ni[l sTPCR;PP CH,Cl, 465(161.3) 578 (17.8) 615(11.8) [21]
[ZnlgTpCRPP CH,Cl, 495(110.2) 633 (11.4) 680(12.3) [21]
[Zn (CIJFPP%]? CH.Cl, 442 575 - [22]
[zn"(BrsTPP) CHCl, 466 (257) 598 (14.0) 656 (12.3) [12]
[Co" (BrsTPP)f PhCN 480(81.6) 590 (8.6) 637 (5.9 [23]
[CA"(BrsTPP)P PhCN 458(80.3) 568 (10.3) - [23]
[Cu(CkTBPP)f n-hexane 463 588 660 [14]
[Cu" (Brg(TPP)f CH,Cl, 466(132) 581 (18) - [12]
[CulsTpCRPPT f CH.Cl, 486(96.4) 599(75.4) [21]
[Ru(BrsTMP)(O)] CH,Cl, 45@398.1)  540(21.9) [24]
[F€'(ClsTPP)CIF PhCN 468 (160) - 590 [25]
[PdlglchBPP)f n-hexane 436 567 642 [14]
[Tb (ClgTPP)(OAc)F’ CH.Cl, 460(59) 553 (5) 598 (8) [20]
[Tb" (BrsTPP)(OAC)? CH,Cl, 474(45) 552 (3.0) 612 (2.9)  [20]



[V(TTP)O]" CH.Cl, 426 548 - this work
[V(BrsTPP)OF CH,Cl, 464 (229) 589 (17.8) - [12]
[V(ClsTTP)O] CHCl, 451 (398) 577 (5.1) - this work

&ClgTPP = 2,3,7,8,12,13,17,18-octachloro-5,10,15,2@péenylporphyrinato,

b BrgTPP = 2,3,7,8,12,13,17,18-octabromo-5,10,15, 2@ypétenylporphyrinato,

“ ClgTBPP =2,3,7,8,12,13,17,18-0octachloro-5,10,15, 2@kes(3,5-ditertbutylphenyl)porphyrinato,
d:IngCFgPP =2,3,7,8,12,13,17,180ctaiodo5,10,15,20tetraftifldoromethyl)phenyl]porphyrinato,
% ClgTFPP =2,3,7,8,12,13,17,18-octachloro-5,10,15, 2@&t(pentafluorophenyl)porphyrinato,

" BrgTMP = 2,3,7,8,12,13,17,18-octabromo-5,10,15,2Gteasitylporphyrinato,

% OAc = acetatd: TTP = 5,10,15,20-tetratoloylphenylporphyrinato,

3.3 Cyclic Voltammetry

The electrochemical behavior of complé) Was studied by cyclic voltammetry (CV) with
the tetra-n-butylammonium hexafluorophosphate (TBAPRas the supporting electrolyte
(0.1 M) in the non-coordinating solvent @E, under an argon atmosphere. The
voltammogram of our vanadyl species [V{CITPO] (1) is depicted in Figure 2 and the
electrochemical ofl} and several related species are collected ineTablt has been shown
that the presence of electron-withdrawing halogemg (such as chloro and bromo) in the
B-pyrrole positions of a porphyrin decreases thecteda density at the porphyrin
macrocycle which causes an anodic shift in the oxigation and reduction potentials of the
porphyrins[26]. By the other hand, several investigatifis, 28] show that the presence of
bulky substituents such as bromine and chlorinthe@f-positions of the porphyrin causes
an important deformation of the porphyrin core éxsally the saddle distortion) which
increases the half wave potential values of thelation and especially the reduction of the
porphyrin ring. Therefore, both induction withdragieffect and steric hindrance effects of
the B-pyrrole halogenated porphyrins and metalloporpisyhave an important effect on the
electrochemical and UV-visible data of these spectéonsequently, these two effects
induce a destabilization of the HOMO orbitals, egvthe LUMO orbitals relatively
unchanged (slight stabilizatiof0]. As shown in Table 3, tH&-pyrrole octachloro and the
octabromo porphyrins (}€lsTPP and HBrgTPP) are easier to reduce and harder to oxidize
compared to the unsubstitutetesetetraphenylporphyrin H'PP because of the important
electron deficient character of the halogenateglppins. Indeed, the half potential values
of the first and second oxidations are 1.02 V 621.04 V/1.26 Vand 1.03V/1.65V
for the HTPP, HCIsTPP and EBrsTPP respectively while the first and second rednsti
values are -1.20 V/ -155V, -0.83 V / -1.11 V atd61 V / -0.97 V for the HPP
unsubstituted porphyrin, the octachloro porphynd éhe octabromo porphyrin respectively



[29]. For the vanadyl species, we observe the samd them that of the free bases. Thus,
the B/, values of the oxidation and the reduction waveseiase from the TPP-vanad$P]

to the C4TTP-vanadyl and the BFPP-vanadyl (Table 3). We noticed that the oxidaaad
reduction potentials values of the free basgbRf, HCIsTTP and HBrgTPP are shifted to
more positive values compared to the correspondangdyl [V(TPP)O], [V(GTTP)O] and
[V(BrgTPP)O] complexes. The porphyrin HOMO-LUMO gap vatae be expressed as the
potential difference between the value of the fasidation half potential and the value of
the first reduction potential wave. As mentioned\ad) thef3-pyrrole halogenated porphyrin
[20] and the corresponding vanadyl speciggp(esent smaller Gap values than th& PP
porphyrin[29] and the [V(TPP)O] speci¢30] with the values 2.22 eV / 2.40 eV fop HPP

/ [V(TPP)O] and 1.87 eV / 2.04 eV for,8IsTPP / [V(CETTP)O] (Table 3).

Oxidations

Reductions

- e,y
20 15 10 05 0.0 05 1.0 1.5 20
Potential (V) vs SCE

Figure 2. Cyclic voltammogram of [V(eIITP)O] (). The solvent is CkCl,, the concentration is ca.
10° M in 0.2 M TBAPF, the scan rate is 100 mV/s, vitreous carbon workiectrode (@ = 3 mm).



Table 3. Half-wave potentials (in V vs SCB) severaimeseporphyrins, complexl) and a selection of V(IV) metalloporphyrins.

Complex Ring oxidations Ring reductions Ref.

1% oxidation (O1/R1) ¥ oxidation (O2/R2)  Treduction (R3/03) "reduction (R4/04) HOMO-LUMO G&feV)

H,TPP 1.02 1.26 -1.20 -1.55 2.22 [29]
H,ClsTPP' 1.04 1.26 -0.83 -1.11 1.87 [20]
H,BrsTPP 1.03 1.65 -0.61 -0.97 -1.64 [20]
[V(TPP)O] 1.35 1.13 -1.13 -1.51 2.48 [30]
[V(CIsTTP)O] 1.25 1.46 -0.79 -1.06 2.04 thisrkv
[V(BrsTPP)O] 1.38 1.54 -0.54 -0.78 1.92 [12]

2 the solvent used is the dichloromethdh&lOMO-LUMO Gap = E,(O1) - E»(R3),% H,TPP = 5,10,15,20-tetraphenylporphyfinH,ClsTPP = 2,3,7,8,12,13,17,18-
octachloro-5,10,15,20-tetraphenylporphyfir,BrsTPP = 2,3,7,8,12,13,17,18-octabromo-5,10,15,2@4eenylporphyrin.



3.4 X-ray Structural properties of [V(&IITP)O] (1)

Complex () crystallizes in the tetragonal crystal systemagp groupl4i/a) and the
asymmetric unit contains one quarter of the [\¢{TP)O] complex where the vanadium
central metal and the oxygen atom of the oxo digaind lie in a fourfold rotoinversion
axis. The V(IV) cation is chelated by four pyrrdleatoms of the porphyrinate anion and
coordinated by the oxygen atom of the oxo axiahrid Nevertheless, the vanadyl group
(V=0) is disordered in two positions with 0.5/0.Fcapancy ratio required by the
rotoinversion symmetry. The ORTP diagramI9fi¢ illustrated in Figure 3.

Figure 3. ORTP diagram of [VO(ENITP)] (1). Ellipsoids are drawn at the 50% probability lleve

The porphyrin core presents essentially four majeformations[31] namely: (i), the
domingdistortion @on) is often observed in five-coordinated porphyromplexes when
the axial ligand causes a displacement of the metalout of the mean plane and the
nitrogen atoms are also displaced toward the diggahd, (ii) thewaving distortion (vav)
where the four fragments <«€arbon)-i-carbon)-(nesecarbon)-g-carbon)-g-carbon)» (or
Cp-Cu-Cii-Cy-Cp') (Figure 4) are alternatively above and belowrtrean plan of porphyrin
(Pc plane), (iii) theruffling distortion ¢uff) is indicated by the values of tmeesecarbon

atoms above and below the porphyrin mean plane (afndthe saddle distortion éad



involves the displacements of the pyrrole ringseralitely above and below the mean
porphyrin macrocycle so that the pyrrole nitrogéons are out of the mean plane. The
saddledeformation can also be defined by the dihedraleab(Pyr/Py)> between adjacent
and opposite pyrrole rind49]. The most important feature of the structure af wanadyl
derivative [V(CETPP)O] () is the very important distortion of the porphynmacrocycle.
Indeed, the three different views of Figure 5 shmw important are theaddleandruffling
deformations of the porphyrin cycle d).(By the other hand, Figure 4 illustrates the fafm
diagram of the porphyrin macrocycle @) €howing the displacements of each atom from
the mean plane of the 24-atom porphyrin core insunii 0.01 A. As shown by the very high
values of the displacement of the pyrrole amekscatoms from the 24-atoms mean plane, the

porphyrin core ofl() presents very higeaddleand an importaruffling deformations.

%
% 4
-18
meso carbon /

-126 /

a-pyrrole carbon
p-pyrrole carbon /

Figure 4. Formal diagrams of the porphyrinato carfg$). The displacement of each atom from the
mean of the 24-atom porphyrin macrocycle in givennit of 0.01 A.



Figure 5. Schematic representations showing thehyoin core deformations of)(

With the aim to see the effect of tifiepyrrole substitutions on the deformations of the
porphyrin core, several examples of metalloporpisyriwhere thef-positions of the
porphyrins are occupied by halogens are reportéfalrie 4. Indeed, in the case of zin(ll)
porphyrins, the average value of the dihedral angdéween two adjacent pyrroles
(3<Pyr/Pyr>) for thanesetetraphenylporphyrin derivative [Zn(TPHB2] is equal to 3.94°.
The effect of presence of a bromine atoms inpyrrole positions leads to a significant
increase of theaddledeformation, e.g., for the [Zn(BFrPP)(NC-Bu)] complex (BgTPP is
the B-halogenated porphyrin: 2,3,7,8,12,13,17,18-octachhesetetraphenylporphyrinato)
the &<Pyr/Py> angle value is 34.7(B3].

Table 4. Selected structural features of severslioporphyrins.

Complex MN2 () M—PLA)  3<(Pyr/Pyn)>(°f A<(Ph/R)> (°)° Ref.
[Zn(TPP)F 2.038 0.000 3.94 68.07 [32]
[Zn(BrsTPP)(NC-Bu)]"® 2.027 0.053 34.70 56.88 (33]
[Zn"(CIsTPFPP)} 2.033 0.00 25.44 58.77 [34]
[zn"(BrsTPFPP)] 2.04(2) 0.174 31.31 54.74 [35]
[Zn"(IsTpCRPP] 2.056(5) 0.311 40.24 8.18 [21]
[Ni(TPP)E 1.947 0.000 24.29 78.7 [36]
[Ni(CIgTPP)f 1.907(3) 0.000 38.37 56.81 [14]
[Ni(BrsTPFPP)] 1.9(2) 0.017 38.93 45.13 [36]
[F€"(CI,TPFPP)(LY™  1.981(5) 0.037 28.76 59.87 [37]
[Fe"(BrsTPFPP)CI] 2.06(1) 0.469 39.07 47.53 [38]
[V(TPP)OF 2.080(6) 0.53 0.00 90 [39]
[V(ClgTPP)Of 2.056(8) 0.518 25.36 62.15 [16]
[V(CIsTTP)O] 2.047(4) 0.581 44.16 3.1 This work

[V(TTP)(CI)(THF)]"  2.057 0.000 2.34 74.45 [40]



% M—Np = average equatorial MiNpyrrole bond length.

b M—Pc= displacement of the metal atom from the 24 atorean plan of the porphyrin coreJjP
.3<(Pyr/Pyr)> = the dihedral angle between two adj)apgrrole rings.

4 A<(Ph/PC)> = average value of the dihedral anglésé®n the Pc plane and the phenyl ring.
% TPP = 5,10,15,20-tetraphenylporphyrinato,

"BrgTPP = 2,3,7,8,12,13,17,18-octabromo-5,10,15,2@éenylporphyrinato,

9NC-Bu = butyronitrilo-N,

h:CISTPFPP = tetrakis(pentafluorophenyl)-2,3,7,8,12,13.8-octachloroporphyrinato,
"BrgTPFPP = tetrakis(pentafluorophenyl)-2,3,7,8,12,13,8-octabromoporphyrinato,

I 1gTpCRPP = 2,3,7,8,12,13,17,18-octaiodo-5,10,15,20-tetfaKtrifluoromethyl)phenyl)porphyrinato,
kClgTPP = 2,3,7,8,12,13,17,18-octachloro-5,10,15, 2@tenylporphyrinato,

' L = 1-Melm = 1-methyl imidazole,

" TTP = 5,10,15,20-tetratoloylphenylporphyrinato.

The saddledistortion is also characterized by the averadeegaof the four dihedral angles
between the £ mean plan and the phenyl groups of the porphy#{Rh/R:)>] [41]. For
mesearylporphyrin derivatives with importarstaddiedeformation, the phenyl rings rotate
toward the porphyrin core ¢ to minimize the steric interaction with tH&pyrrole
substituents. As shown in Table 4, for the vanatbiivative with the unsubstituted TPP
porphyrin ([V(TPP)O]), theA<(Ph/R)> value is 90° while for the octachloro vanadyl-
ClgTPP and vanadyl-@I' TP, theA<(Ph/R)> values are 62.15° and 33.16° respectively. We
noticed that theA<(Ph/R)> angle values decrease from [V(TPP)Qi=(90°) then
[V(CIgTPP)O] Q0= 62.15°) and then our synthetic vanadyl-TCIS8TTRecsps with a
A<(Ph/R)> value of 33.19°. Thesa<(Pyr/Pyr)> andA<(Ph/R:)> dihedral angle values of
complex () is a clear indication that our vanadylsCI'P derivative exhibits the highest
saddledeformation compared to the other vanadyl metalplpyrins. One can wonder why
the vanadyl-GTTP speciesl{ exhibits highesaddledeformation than the related vanadyl-
TPP derivative. This could be explained by the mlegiioup in thepara positions of the
phenyl rings of the TTP porphyrinato ligand whiciecreases the steric interactions with the
chlorine atoms in th@-pyrrole positions. The V=0 distance value of oearidative is 1.604
(10) A which is in the range [1.546 A-1.697] A (Tel) of vanadium(lV) metalloporphyri
[42,43] Notably, for the unsibstitued TPP derivative [YPH)O[39], the V=0 bond lengh is
1.625 (16) A which is relavively close to ourgTIP-vanadyl species [1.604 (10) A]
indicating that the porphyrin core deformations danly small effect upon the Lewis
acidity of the vanadium(lV) metal center. For coexll), the average equatorial distance
between the vanadium center metal and the fouogetrs of the pyrrole ring (WNp) is
2.047(4) which is also in the range of known vanadiV) metallaporphyrins (Table 4).
This indicates that the deformations of the porphyore have also small effect on the



V—Np bond lengths. The crystal structure bf features one-dimensional chains along the
[100] direction. Within one chain, the [V(&1TP)O] molecules are sustained together with
weak CHO non-conventional hydrogen bonds between the cafbb2 of the methyl
group of one GITTP porphyrin and the oxygen O1 of the vanadyl grand an adjacent
[V(CIgTTP)O] molecule and between the C8 carbon of ayhérg of one TCPP moiety
and the oxo ligand of a neighboring [V{CPP)O] species (Figure 6, Table 5). These chains
are linked together via the<&1Cl2 hydrogen bond between the carbon C12 of théyhet
group of a phenyl ring of one [V(6#P)O] molecule of one chain and the chlorine atdgh C
of an adjacent [V(GITPP)O] molecule of the nearby chain (Figure Sl-lsagplementary
information, Table 5). It is noteworthy the presemt channels with a radius of about 5.5 A

parallel to thec axis between the one-dimensional chains (Figure 7)

Figure 6. A partial view of the crystal packing(bf showing the links within one layer between the
[V(CIsTTP)QO] complexes via non-classical C—@ hydrogen bond.

Table 6. Hydrogen bonds and selected C—H- - - X imtegular interactions for complgR) .

D—H~A? Symmetry of A B A [A] D-H'A[] D"A[A]
C8-H8 01 1/4+y,1/4-x,1/4+z2 3.386(7) 152 2.54
C12H12A-01 3/4-y,1/4+x,1/4+zZ 3.338(11) 161 2.42
C12H12BCl2 1/4+y,3/4-x,3/4-z 3.310(10) 130 2.61

2 D = donor atom™ A = acceptor atom.



Figure 7.Partial packing ofl) showing channels parallel to the ¢ axis.

4. Conclusion

The coordination compound vanadium(lV) oxo octacdvmesa(4-tolylporphyrin) with the
formula [V(CTTP)O] () was synthesized and its crystal structure wasroghed. We
have shown that the PB-pyrrole chloronation of the  oxojese(4-
tolylporphyrinato)lvanadium(lV) complex [V(TTP)O]ao be achieved quite easily by
reacting, under ambient conditions, this specidb an excess of thionyl chloride. TRe
pyrrole chlorine substituents produce dramatic métisof the Soret and Q absorption bands
of (I) and causes an anodic shift of the ring oxida@gmw reduction potentials of our
vanadyl-C§TTP derivative. This is explained by the electrothdrawing property and the
bulkiness of the chlorine atoms at fByrrole positions of the porphyrin which causes an
important deformation of the porphyrin core (espkgithe saddledistortion) of complexI{

in solution. Consequently, the HOMO orbital of ttveo metalloporphyrin is destabilized,
while the LUMO orbital of the same species is pratly unchanged, leading to a decrease
of the HOMO-LUMO energy. The supramolecular stroetwf () is made by one-
dimensional chains along the [001] made by [¥{TP)O] molecules where are located

channels parallel to this direction.
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* Preparation of the -pyrrole oxo octachloro-meso-tetratol oyl porphyrinato vanadium(1V)
complex (1) using an easy method by reaction the oxo meso-tetratol oyl porphyrinato
vanadium(1V) starting material with an excess of SOCl..

» UV-visible spectrum shows important redshifted Soret band of (I).

* Voltammogram of (1) exhibits important anodic shift of the porphyrin ring oxidation and
reduction potentials.

» The molecular structure of (1) shows avery high saddle distortion and an important ruffled
deformation of the porphyrin macrocycle.



