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1. ﬁ;ﬂﬂ"(’) ( executive summary )

1) Yngilszasn
1. AAp13Sasduns1er Chromium porphyrin complex
2. AITMIdunIIEy Co(ll)TPP polymer
3. ANYIIBMIFUAIIEN Co(Il)porphyrin dimer
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tetrakis(4-cyanophenyl) porphyrin (TCNPP) Tu N,N-dimethylformamide ‘ﬁQm‘HQN 155
°c wui'l4 crDTPP uag CrDTCNPP Wlundndavivel§Asen CranTep gmiilal
In31ev Tagmailn UV-Visible Spectroscopy , '"H-NMR Spectroscopy li¥ X-ray
Crystallography @351 CrDTCNPP  gath lUains iz laumaiin  UV-Visible
Spectroscopy , IR Spectroscopy A% X-ray Crystallography

M3dunzd CoINTPP polymer lA9nifAsuisendn TPPCo(INCI uag
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[Cr(CH,CO0),], ﬁm’%’au"lﬁ'“lﬂﬁq ﬁ?h?ﬁﬂLﬁﬂﬂﬁﬁ?ﬂﬂﬁﬁu meso-tetraphenylpor-
phyrin (TPP) ¢ meso-tetrakis(4-cyanophenyl)porphyrin (TCNPP) 11 N, N-dimethylformamide
ofwz"lﬁ’wﬁﬁﬁm«ﬁﬁa meso-tetraphenylporphyrinatochromium(II) (Cr(IDTPP) (29.45 % ) g
meso-tetrakis(4-cyanophenyl)porphyrinatochromium(Il) (Cr(II)TCNPP) (36.51 %) wﬁﬂﬁmmz
audmsumsth i X-ray Crystallography vosmslsznoniia 2§t ldnnmadia stow
diffusion voaumuea lWiimsazaradudulunanlsvesy dmsulassadraves Cr@)TPP
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AUNUL axial 1 AUMUIVDI Cr(ID) WAANUFLAVODNTAUVDUNNINDA Lag IATITT19UD3
complex fiAntuazidiy square pyamid 8141510 Cr(IDTCNPP Cr(Il) azinanwuseay 1u Insiau
W 4 §rv04 porphyrin Tufuin1le equatorial Tuamg g axial ¥4 2 fumiauea Cr(11)
azifaiusedululnsinuueny cyanide vosTuana CADTCNPP 2 Twanafiogiafios
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Abstract

The freshly prepared [Cr(CH,COO),], can react with meso-tetraphenylporphyrin (TPP) and meso-
tetrakis(4-cyanophenyl)porphyrin (TCNPP) in refluxing N,N,-dimethylformamide. This leads to
two products, meso-tetraphenylporphyrinatochromium(Il) (Cr(II)TPP) and meso-tetrakis(4-
cyanophenyl)porphyrinatochromium(II) (Cr(JI)TCNPP) in 29.45 and 36.51 % yield respectively.
These two compounds could be crystallized from slow diffusion of methanol to their concentrated
solution in chioroform. The crystal structure of the first compound reveals that chromium atom is
bonded to four nitrogen atoms of porphyrin moiety in the equatorial positions and to the oxygen
atom of methanol in the axial position. The compound adopts square pyramidal geometry. While
the second compound, Cr(INTCNPP adopts the octahedral geometry with four nitrogen atoms of
porphyrin rings bonded to chromium atom in the equatorial sites and with two nitrogen atoms of
cyanide groups of the adjacent molecules bonded to chromium atoms in the axial sites. This leads

to the 2-dimensional coordination polymer of porphyrin molecules.
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1. M3 i;qTJ\‘llﬂ‘i'lz‘t‘il meso-tetraphenylporphyrinatochromium(Il) (Cr(II)TPP)

L1 msdansiey meso-Tetraphenylporphyrin (TPP)l
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ponag 1@ TPP M1in 3.59 g (23.9%)
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CrCl, .6H,0 7.5 g uazti1 25 cm’ 831y suction flask MWLN 1
lansalelasnansn lu separatory funnel
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mumaAaiulu suction flask (Matifenaslalasioy) wasenswanly flask o
' { A A o
Aeglasunddendlu fh

4 3 o3 a o o P . 1 :'
Womsazaewldoudndih lasauysel WSullamonsiquludnnesildi (g

d' o Y a ar 1 1 1 9 [
U 4) szt ldifaus suveunadly suction flask Twarumauda lulwanives

a o = = A Y [y A @ ]
aza1uduAIved IsRoussdinn (Mrudume luTasnusasanal eatleaulu
a o a
W cran gnoendladidly cram) vz lanznouduaidgues [Cr(CH,CO0),],
9
21,0 nadnlu flask
2
o a
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Y1 TPP 200 mg (0.326 mmol) laly flask 2 A® YUIA 250 cm’ UAUAN NN-
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i@ [Cr(CH,C00),],2H,0 w3onlde1ade 1.2 (400 mg)aaldlumsazarode 1
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Taseadalaomaila X-ray Crystallography F39oyanislassadaisnaiside

(MeOH)Cr(I)TPP

2. FmsduaneH meso-tetrakis(4-cyanophenyl)porphyrinatochromium(ID(Cr(I)TCNPP)
2.1 msdunser meso-tetrakis(4-cyanophenyl)porphyrin (TCNPP)

1. N7 reflux ATA propionic U511 60 cm’ 11 conical flask 2 7D YUIA 250 cm’
2. 1N 4-cyanobenzaldehyde 0.7868 g (6 mmol) 1A% pyrrole nnauln 1 0.4025 g (6
mmol) U&7 reflux AsAzAINANADDA 30 WA dniumsAouwlaadueams
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3. dasslivewanduasiguvgives udadummueauas lezifansnouduig

499 TCNPP NI04ALNDUAUNTIINTDIULLY Biichner a19aznoun ldaromuniuoa

< o’/’ Y KX A o
BUvany 9 AF9 9 IANANFNMITN 510.5 mg (47.66%)

2.2 ﬂﬁﬁ?mswdm meso-tetrakis(4-cyanophenyl)porphyrin (TCNPP) uag [Cr(CH,CO0),],
2H,0
1. 111 TCNPP 200 mg (0.280 mmol) la1u flask 2 7B YUIA 250 cm’ UAAAY NN-
dimethylformamide 150 cm’ UAIRINTT reflux d15EAY
2. @ [Cx(CH,C00),],2H,0 fuaSen 1801nde 1.2 (350 mg sl lumsazarsdo 1
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4. asnaeundfiseniaauysellasldmaia  UV-visible spectroscopy WU
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5. iensnaeunifAsounaauysainds IWvgalfase thesazaonanldszmey
9219 residue 1397
6. 11 residue ﬁ”lﬁ'"lﬂﬁﬂﬁ’u?qwﬁmwmﬂﬁﬂ column chromatography Taedl silica
¢ & o o & g
gel (F1 solid support 1aaelsWesuiludiry sldmsdiiwndnie cr(n
I a o (ot )
TCNPP 1 UNTAN MANAN
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Tnssadrelaomailn X-ray crystallography c‘ﬁa%’ayamﬂimqa%'mﬁq%dwmsﬁﬁ@
Cr(II)TCNPP
3. ‘i’fmdama Spectroscopy U949 Cr(II)TPP uaz Cr(II) TCNPP
3.1 Cr(II)TPP
a. UV-Visible Spectroscopy
thensazats CDTPP luanelsWesu liUSamsganduuaslugag Uv-visible

WUMIQANAULAIN A__ (loge) 422(5.73), 550(4.31), 593(3.65) U1 THIUAT

b. 'H-NMR Spectroscopy
crn TP iiegnihliBinszidaumaila H-NMR Spectroscopy 1ag14f deuterated
chloroform Lﬂuﬁaﬁmzmu wuﬁ'iymuwmﬁ S 8.95(s, 8H, pyrrole), 8.22(m, 8H, o-Ph),
7.75(m, 12H, m- and p-Ph)

c. X-ray Crystallography

WANIALIVDL Cr(ID) TPP MMINZANADAI5HI X-ray Cryatallography ‘16917 slow
diffusion vouunven lfimsayaududuves cranTep luaae IsWesy Fawan
ﬁ‘l@”%z@gi“lmwu triclinic U space group Wy P1 M a= 9.7337(3) A b=11.0833
(4) A c=18.0763(6) A ou=75.2017(9) B =74.3982(9) y=80.0800(8)

‘{Jl’e)lquﬁ X-ray diffraction data Qﬂﬂwmﬁmamiﬂai%ﬁ%‘ heavy atom U84

Tal5un33 XTAL version 3.6 fumivosezaoudlulelslasnuveslnsandad

4
18917 difference Fourier map T@ﬂ@zmaummﬁgﬂ refine 1411 anisotropic Taeldys

a . o Y . o !
75 full matrix least square wazfrua 1 weight (w) = AN UIUDIDE DL

o(F,)

o o ! o °
leTasnuldninmsdon Teedmualdssezszning ¢ uag H1Tu 0.95 A oz
b4
lidin1s refine ezmonlalasoumadl lunudwmisezaoulalasauyoany

E [
lgasondueauniueain difference Fourier map #adv1niiuldinisyaou
e 2 R R T
weight (w)lael¥ w = [2.5+02F+0.0004*F(re/)z]} vz ldal R uaz

J @ 9 Y . ' o
goodness of fit NAMAAY WAI9INI refinement 1agld weight 1MuIUNTZIN
maximum shift error L10¥ average shift error < 0.1 WUI1IAT R = 0.086 Rw = 0.099

° o & o3| o y
s=1.02 dwmivlassadawesmsisznouiioziudeglin s
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Uf 5 uems ORTEP PLOT ¥04 (MeOH)Cr(ITPP

e} 9 < ] YY) o,.'] @ Py
9910 Inseard1eeefiudn CrD iU N N9 4§99 porphyrin ring 4ATH
° ' o ' @ w 2 o

FWNUI axial 1 MU V93 Cr(ID) 923UV O VOUNMUDD Fednyauzyealasd
a$1an 189zitlu square pyramid  §MTUANNENIRULIE1IN Cr(D) HU N 1A

[ I~ o A
Cr(ID) 7 O 3L UAINTITIN 1

15197 1
Wudy ANUOIINUDE (A)
Cr-N1 2.038(8)
Cr-N2 2.049(8)
Cr-N3 2.056(9)
Cr-N4 2.051(7)
Cr-05 2.249(6)

3.2 Cr(II)TCNPP
a. UV-Visible Spectroscopy
whmsazaw CranDTCNPP lunae Tsvesulfansgandunasluaiag

UV-visible ‘wumi@ﬂﬂﬁmmaﬁ A (loge) 421(5.63), 548(4.27) w1 Tuung

max



b. IR spectroscopy
viwan CranTONPP liluamandy KBr diovindiuusiy KBr Dise waaainiuiitly
e‘]m‘iwﬁiﬂﬂmﬂﬁﬂ IR spectroscopy WU peak ‘171 2231 em’| “?\‘l@'lﬁ\?ﬁll stretching
frequency "UEN(HlMi C=N
c. X-ray Crystallography
WANAEIVBY Cr(IDTCNPP AMuNZauaonI1si1  Xeray crystallography ‘18970
slow diffusion youunIuen luSamsazmodutuluanelsodn  naniildzog
115211 monoclinic 3 space group L’ﬂu P2/n A1 a= 9.7524(2) A b=9.4378(2) A
c= 21.28210(10) A o =1v=90.0000 B= 101.0865(6)
doyya X-ray diffraction data §nii1A1LINTAGTT direct method V8911514050
XTAL version 3.6 WUIRWHUIUD Cr(ID) ﬂgiﬁ special position (2a) Lms:ﬁéiumm
special position ﬁyf?'u‘ﬂu crystallographic inversion center #e ﬁﬂfuﬁumﬂwm
awaﬂuTmaﬁ%’wf‘rﬂzgﬂﬁmumﬁmﬂ?wﬁd ilosnndnntaniaiuduiudiy
A28 symmetry AUNUIVD3 Cr(1)) ﬁy"ﬂz@‘ﬂ fix ﬁqﬂ 0,0,0 ezl refine A
voe cr)  Juvaiidumisvesozaeuilylelalasnuez 1 difference

¥
- ! g 3 Yt ;
Forrier map Lmzam@ummﬁ%zgﬂ refine L4UY anisotropic Tag147%5 full matrix

dnsudumisveseznonlelasiausz 14

least square waz 1y weight(w) =

o

E4
910 difference Forrier map L%ummﬁmmz@zmaummﬁ%zgﬂ refine 111 isotropic

sadu H116 92 1gn refine nasnniuldiinmsddon weight (w)laeld w =
2 2 pd £ o Y1 ~ =
[1+o- F +0.0004 = F(rel) ]} dgavzilvim R uway goodness of fit UAIDADI

MA99NR1 refinement 1ao 1y weight IM39UNILITY maximum shift error UAZ
average shift error < 0.1 WUNA1 R = 0.067 Rw = 0.077 S = 1.01 dwmiulaseadrs

t 4 ]
vosmslsznovilaziludegiii 6
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110307 6 vzitu Tud s equatorial ¥94 Cr(il) vxAaWLBLAY N 14 4 ozaou
VBN meso-tetrakis(4-cyanophenyl)porphyrin Tauszezsena19 Cr(D) iU N vdud
¥ ] E4
1 Cr-N1 = 2.0433) A Cr-N2 = 2.055(4) A TuamsAR MU axial N9 2 Ans

Y89 Cr(l) NANUTLAY N D2A0NVBINY cyanide YD 1WANA Cr(ITCNPP 2

=1

Tuanaegdufios Tavszogsznine Cr(dl) D N eIy cyanide 92114 2.681(5)
¥

° L o < ) o W

A 110Y geometry Y99 ligand 59U Cr(Il) UuvzU octahedron GIMSUANHYULNT

a o dy Y ¥ A g - X - _ a .2{
wanuszuuuiiozld Insead19Midlu 2-dimensional coordination polymer NAYY
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B. #anuigaegluyisduiiunisnaaes

1. M3TFUATIZH Co(IITPP polymer

6.1

.2

Fsdunsied [TPPCo(IINCIT

I

2.

111 [Co(IDTPP] 1 mmol el flask

BULNIUDA 400 em’ tae nialalasaaasndudu 6 cm® aelu flask 9o 1

= )
: ﬂ’Ju“U’ENNﬁiJL‘]JHL’JﬁT 24 ‘]ﬂillﬁ

lﬁl c‘ 1 a aaay
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: 4 2
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b Y
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1.
Z,

131 [TPPCo(II1)C1] 50 mg (0.071 mmol) 1eflu flask
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U0 2
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graphy
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2, 98YaNnN spectroscopy UD3 Co(IIHTPP polymer

2.1 Taeldinatia Uv-Visible spectroscopy

W15 UV-visible spectrum UD3 [TPPCo(IIT)Cl] (gﬂﬁ 7) uag UV-visible spectrum
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Synthesis and Structural Characterization of methanol solvate of
meso-Tetraphenylporphyrinatochromium(Il) and meso-Tetrakis(4-
cyanophenyl)porphyrinatochromium(Il)
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The freshly prepared [Cr(CH3COO),], can react with meso-tetraphenylporphyrin
(TPP) and meso-tetrakis(4-cyanophenyl)porphyrin (TCNPP) in refluxing N,N,-
dimethylformamide. This leads to two products, meso-tetraphenylporphyrinato-
chromium(II) (Cr(II)TPP) and meso-tetrakis(4-cyanophenyl)porphyrinatochromium
(II) (Cr(IDTCNPP) in 29.45 and 36.51 % yield respectively. These two compounds
could be crystallized from slow diffusion of methanol to their concentrated solution
in chloroform. The crystal structure of the first compound reveals that chromium atom
is bonded to four nitrogen atoms of porphyrin moiety in the equatorial positions and
to the oxygen atom of methanol in the axial position. The compound adopts square

pyramidal geometry. While the second compound, Cr(II)TCNPP adopts the



octahedral geometry with four nitrogen atoms of porphyrin rings bonded to chromium
atom in the equatorial sites and with two nitrogen atoms of cyanide groups of the
adjacent molecules bonded to chromium atorﬁs in the axial sites. This leads to the 2-
dimensional coordination polymer of porphyrin molecules.

Keywords. ~ Porphyrin; chromiumporphyrin, coordination polymer, solvated

complex

Introduction

Metal-porphyrin complexes have been an area of active interests since they have been
employed as active catalysts.'” Among these, the chromium porphyrin complexes
were used as catalysts for biomimetic hydrocarbon oxidations.*® Two conventional
methods for inserting a chromium centre into a porphyrin macrocycle are by using
chromium hexacarbonyl ? and chromous chloride.'® Surprisingly the first method gave
chromium-porphyrin complexes with no carbonyl group in the axial position while the
second method afforded chromium-porphyrin complexes with the chloride in the axial
site. In both methods, the oxidation state of chromium was increased. We have
developed a new method of introducing a chromium centre without changing the
oxidation state of the chromium ion by using chromous acetate ([Cr(CH3COO);]s.
2H,0). When freshly prepared chromous acetate was added to a refluxing N N-
dimethylformamide (DMF) solution of meso-tetraphenylporphyrin (H,TPP), the meso-
tetraphenylporphyrinatochromium(Il) complex was obtained in moderate yield. meso-
Tetrakis(4-cyanophenyl)porphyrinatochromium(II) was synthesized in a similar
manner using meso-tetrakis(4-cyanophenyl)porphyrin (H;TCNPP) as a source of
porphyrin. These two complexes are very stable in air, an observation very different

from the previous analogous complexes. For instance, the toluene solvate of meso-



tetraphenylporphyrinatochromium(II) was reported to be very air-sensitive!' while
meso-tetraphenylporphyrinatochromium(Il) underwent aerial oxidation to meso-
tetraphenylporphyrinato-oxochromium(IV).!* The X-ray structures of the new
compounds, meso-tetraphenylporphyrinatochromium(Il) and meso-tetrakis(4-cyano-
phenyl)porphyrinatochromium(Il) complexes revealed that Cr(Il) was stabilized by the
porphyrin ring. We now report details of the synthetic method, the spectroscopic
characterization and crystallographic structures of these two compounds in this

communication.

Experimental

Reagents: Chromous acetate ([Cr(CH3COO0),],.2H,0)," H,TPP'* and H,TCNPP!
were synthesized according to literature methods. All solvents used in this experiment
were dried and purified prior to use. Silica gel used for column chromatography was
silica gel 60 (0.063- 0.2 mm) from Merck.

Instruments: UV-visible spectra were measured on chloroform solution with a
Shimadzu UV-2100 spectrophotometer. Infrared spectra were recorded on KBr discs
with a Nicolet Impact 400 spectrophotometer. 'H magnetic resonance spectra were
recorded on (D)chloroform solutions at 500 MHz with a JEOL JNM-A500
spectrometer. The X-ray intensity data were collected with a Siemens CCD 1K

diffractometer.

Synthesis of meso-tetraphenylporphyrinatochromium(II) complex
The synthetic method was adapted from the method described by Adler.” To H,TPP
(200 mg) in refluxing DMF(100 ml) was added an excess of freshly prepared [Cr

(CH3C0O0),]2.2H,0 (400 mg). The mixture was refluxed for another 30 minutes.




After this period of time, the reaction was checked by visible spectroscopy which
indicated complete absence of the characteristic peaks due to the porphyrin free base.
The reaction mixture was then evaporated undér vacuyo. The resulting solid residue
was chromatographed on a column of silica gel (90 g) packed in chloroform. Elution
with chloroform gave a red violet band containing meso-tetraphenylporphyrinato-
chromium(II) complex (64 mg, 29.45 % based on Cr(II)TPP). This compound was
crystallized by the diffusion of methanol to a concentrated solution in chloroform to
give (MeOH)Cr(I)TPP. (A satisfactory elemental analysis could not be obtained)
Amax (log €) 422 (5.73), 550(4.31), 593(3.65) nm. '"H-NMR (CDCls) & 8.95(s, 8H,
pyrrole), 8.22(m, 8H, o-Ph) 7.75 (m, 12H, m- and p-Ph).

Synthesis of meso-tetrakis(4-cyanophenyl)porphyrinatochromium(II) complex
To H;TCNPP (200 mg) in refluxing DMF(100 ml) was added an excess of freshly
prepared [Cr(CH3C0O0),},.2H,0 (350mg). The mixture was refluxed for another 30
minutes. After this period of time, the reaction was checked by visible spectroscopy
which indicated complete absence of the characteristic peaks due to the porphyrin free
base. The reaction mixture was then evaporated under vacuwo. The resulting solid
residue was chromatographed on a column of silica gel (90 g) packed in chloroform.
Elution with chloroform gave a red violet band containing the meso-tetrakis(4-
cyanophenyl)porphyrinatochromium(Il) complex (78.10 mg, 36.51 %). This
compound was crystallized by the diffusion of methanol to a concentrated solution in
chloroform. (A satisfactory chemical analysis could not be obtained.) Anax (log €) 421
(5.63), 548 (4.27) nm. vpax 2231 cm’' (CN). Due to solubility problem of the

crystallised solid of CrTCNPP, a good NMR spectrum could not be obtained.



Solution and Refinement of the Structure

(MeOH)Cr(II)TPP

Crystals of (MeOH)Cr(II)TPP suitable for X-ray analysis were grown from
chloroform-methanol by the solvent diffusion method. To prevent desolvation, the
crystal was mounted in a capillary tube under the mother liquor. The crystal is
triclinic, space group P1. The structure of (MeOH)Cr(II)TPP was solved by the
heavy atom method using XTAL program version 36."° All non-hydrogen atoms

were found from the difference Fourier maps and refined anisotropically by the full-

matrix least squares procedure with the weight w = — (1

. All hydrogen atoms were
g 0)

located geometrically (rc.s= 0.95 A) and included in the refinement as fixed
contributors. The hydroxyl hydrogen atom of methanol could not be found from the

difference Fourier maps. Therefore its position was not included in the structural

-1
refinement. The weight was then changed to [2.5 + o2F +0.0004 * F(re/)z]] and the

refinement was carried out until maximum shift/error and average shift/error < 0.1.

The final values of the discrepancy indices were R= X|F,|-|F|/Z|F,| = 0.086 and

Rw = [z 7| /'Z~”2/]1/ZZVV(/:02)]1/2 = 0.099. The largest peak in the final difference

map was 0.8883 e A3 and this was in the region of the chromium atom.



Cr(IDTCNPP

Crystals of Cr(II)TCNPP suitable for x-ray analysis were grown from chloroform-
methanol by solvent diffusion. Systematic absences were observed for hOl, h+l = 2n+1
(n-glide L b) and 0kO, k= 2n+1, consistent with the space group P2,/n. The structure
was solved by the direct method using the XTAL program version 3.6.'® It was found
that the chromium atom lies at the special position (2a) on a crystallographic inversion
centre and thus only one half of the molecule is unique. The position of the chromium
atom was fixed at 0,0,0. The other non-hydrogen atoms were found from the
difference Fourier maps and refined anisotropically by the full matrix least squares

procedure with the weight w = 7 ol All hydrogen atoms were located from

a(Fp)

difference Fourier maps and refined isotropically except H116 which could not be

-1
refined. The weight was then changed t0[1+02F+O.0004*F(re/)z]] and the

refinement was carried out until maximum shift/error and average shift/error < 0.1.

This led to the final R-value of 0.067 and Rw of 0.077.

Results and Discussions

Crystal Structure

(MeOH)Cr(1)TPP

The non-hydrogen positional and isotropic displacement parameters of this compound
are listed in Table 3. The crystal structure is shown in the ORTEP plot in figure 1. The
deviations in A of ring atoms from the least square plane of porphyrin mean plane are
presented in figure 2. The least square plane was defined and numbered as in Table 4.
From figure 2, it was clearly shown that the individual subunits of the ligand (pyrrole

and phenyl rings) retain planarity to within 0.05 A. The dihedral angles between the



mean plane of porphyrin and the planes of pyrrole rings are shown in Table 5 while
those between the mean plane of porphyrin and the planes of phenyl rings are listed in
Table 6. |

From Table 5, it is clear that the pyrrole ring number 2 is tilted more than
other pyrrole rings. While the pyrrole ring number 3 is tilted less than other pyrrole
rings. The dihedral angles between porphyrin mean plane and the phenyl rings are
varied between 79-111°. The chromium atom lies in the TPP macrocycle with a
displacement of 0.212(1) A above the porphyrin mean plane and is coordinated to the
four porphine nitrogens. Methanolic oxygen is bonded to the axial site of the
chromium metal centre. The structure of this compound adopts a square pyramidal
geometry. The arrangement of each (MeOH)Cr(II)TPP molecule in the unit cell is
shown in figure 3.

The individual bond lengths and angles of (MeOH)Cr(II)TPP are tabulated in
Table 7. The average Cr-N distance is 2.049 A which is quite larger than the average
Cr-N distance in the toluene solvate of meso-tetraphenylporphyrinatochromium(Il)
(Cr-N = 2.033 A)."” The axial Cr(II)-methanolic oxygen bond distance is 2.249(6) A
which is longer than the Cr(III)-tetrahydrofuran oxygen bond distance (2.069(10) A)
found in (THF)Cr(III)(OPh)(TPP)."® Due to the ambiguity in the position of the
methanolic hydrogen atom, there may be some uncertainty that the chromium ion in
this compound is in the +3 oxidation state and the methoxide oxygen in stead of the
methanolic oxygen is bonded to the axial site of the chromium ion. Since an
extremely short chromium-phenoxide oxygen bond distance of 1.943(10) A was
reported in (THF)Cr(III)(OPh)(TPP), a Cr-O bond distance of 2.249(6) A in (MeOH)

Cr(II)TPP may lend good support to the neutrality of methanol molecule.



Cr(I)TCNPP

The atomic coordinates and associated thermal parameters of this compound are listed
in Table 8. The crystal structure of Cr(II)TCNPP 1s shown in the ORTEP plot in
figure 4. The deviations in A of ring atoms from the least square plane of porphyrin
mean plane are presented in figure 5. The least square plane was defined and
numbered as in Table 9.

The individual subunits of the ligand (pyrrole and phenyl rings) retain
planarity to within 0.03 A. The dihedral angles between the mean plane of porphyrin
and the plane of pyrrole and phenyl rings are shown in Table 10. From this table, it is
clear that the pyrrole ring number 2 is more tilted from the mean plane of porphyrin
than the pyrrole ring number 3. The dihedral angles between the porphyrin mean
plane and the phenyl rings are quite varied, 65.3(2)° (in the case of phenyl ring
number 4) and 86.7(1)° ( in the case of phenyl ring number 5).

The chromium atom lies in the TCNPP macrocycle with a displacement of
0.068(3) A above the porphyrin mean plane and is coordinated to the four porphine
nitrogens. The Cr(II) centre of this compound is in plane more than that in (MeOH)Cr
(IDTPP. This may be due to the balance between the axial interacting forces of two
cyanide groups bonded to the axial sites of Cr(II). The stereoview of this structure is
shown in figure 6 and 7. The coordination of cyanide groups of the two adjacent
porphyrin rings to the axial sites of Cr(Il) centres leads to the self-assembly of two
dimensional coordination polymers of the porphyrin macrocycles. The interporphyrin
polymeric framework in this compound results from the propagated metal-ligand
interaction with each monomeric unit being linked to 4 neighbouring porphyrin units.
This utilizes two trans-related cyano substituents to coordianate with the metal centre

of two adjacent porphyrins along one axis, while the metal ion at the centre of each



TCNPP binds two cyano groups of other monomeric units in the axial sites. Adjacent
porphyrin species which link to each other are at a different orientation to facilitate
coordination with the dihedral angle between their mean planes being near 120° which
is quite similar to the previous analogous compound, Zn(I)TCNPP."

The individual bond lengths and angles in compound Cr(II)TCNPP are listed
in Table 11. This compound adopts an octahedral geometry with two cyanide
nitrogens bonded to Cr(II) in the axial sites. The average Cr-porphyrinato nitrogen
bond distance is 2.049 A which is quite long compared to the 2.027(13) A Cr-
porphyrinato nitrogen bond distance observed in six-coordinate Cr(py)g(TPP).20 The
average axial bond distance of Cr(INTCNPP (2.681 A) is quite long compared to that
observed in Cr(II)(py)(TPP) (2.131 A ).20 A similar trend is also found between Zn
(INTCNPP (Zn-cyanide nitrogen bond distances are in the range 2.7-2.8 A)" and (py)
Zn(I1)(TPyP) (Zn-pyridine nitrogen bond distance is 2.143 A ).?! This observation
clearly showed that the cyanide nitrogens are weakly bonded to the Cr(II) centre. The
axial coordination of Cr(II)TCNPP leads to the dense packing of the Cr(ITCNPP

molecules and this may account for the poor solubility of the crystalline solid.
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Table 1 Crystal data and structure refinement for [(MeOH)Cr(II)TPP] and [Cr(II)

TCNPP]

Formula
Formula weight
Temperature (K)
Radiation
Crystal system, space group
a(A)

b (A)

c(A)

o (®)

B

V&)

Volume (A”)

Z

Calculated density (g cm™)

Absorption coefficient (mm™")

Extinction coefficient
F(000)
emax

Index ranges

Reflections collected
Observed reflections
Unobserved reflections

Refinement method
Reflection weights

Number of variables

S

Final R indices [1 >2o(1)]
R indices (all data)

Largest diff. Peak and hole (e A™)

[(MeOH)Cr(II)TPP]
Cy4sH3N4OCr
696.77

293

MoKo
triclinic, P1
9.7337(3)
11.0833(4)
18.0763(6)
75.2017(9)
74.3982(9)
80.0800(8)
1804.7(1)

2

1.28

0.356

724

30.48

-8 < h £ 3,
-15 £ k£ 11,
23 L1123
6239

3653

2586

full matrix least squares

2 2a
[2.5+0' F +0.0004 + F(rel) ]J

460

1.02

R, =0.086, wR, = 0.099
R, =0.155, wR,=0.14
0.88 and -0.73

[Cr(I) TCNPP]
CygHauNgCr
764.77

293

MoKa

monoclinic, P2,/n

9.7524(2)
9.4378(2)
21.28210(10)
90.0000
101.0865(6)
90.0000
1922.27(6)

4

158

0.687

9.54

1568

30.52

4l FAE )5
43K = §2
STl ==
5522

3280

2242

full matrix least squares
7 T
[1 + 62F +0.0004 * F(rel) ]J

304

1.01

R, =0.067, wR;, = 0.077
R;=0.109, wR, =0.117
0.97 and —0.30



Table 3 Non-hydrogen positional and isotropic displacement parameters for

(MeOH)Cr(II)TPP

Atom x/a y/b z/c U(eq) A**2
Cr 0.26423(8) 0.1957(1) 0.24995(6) *0.0203(7)
N(1) 0.3960(6) 0.2299(7) 0.3111(4) *0.050(6)
N(2) 0.1492(6) 0.3674(8) 0.2565(5) *0.055(6)
N(3) 0.1561(6) 0.1788(7) 0.1705(4) * 0.050(6)
N@4) 0.4069(6) 0.0450(7) 0.2232(5) *0.053(6)
O(5) 0.1227(6) 0.0835(7) 0.3556(4) *0.073(6)
C(D) 0.2675(7) 0.4300(9) 0.3448(5) *0.050(7)
c(an 0.5145(7) 0.1530(9) 0.3302(5) *0.046(7)
C(12) 0.5710(8) 0.208(1) 0.3797(6) *0.062(8)
C(13) 0.4874(8) 0.3153(9) 0.3896(5) *0.053(7)
C(14) 0.3770(7) 0.3298(9) 0.3471(5) *0.053(7)
C(2) -0.0219(7) 0.3658(9) 0.1768(5) *0.050(7)
cQ2n) 0.1607(7) 0.4474(9) 0.3026(5) *0.051(7)
C(22) 0.0444(8) 0.545(1) 0.3032(6) *0.059(8)
C(23) -0.0360(8) 0.529(1) 0.2570(6) *0.061(8)
C(24) 0.0298(7) 0.4172(9) 0.2275(6) *0.055(7)
C(3) 0.2878(7) -0.0165(9) 0.1353(5) *0.048(7)
C@31) 0.0392(7) 0.2566(9) 0.1516(5) *0.050(7)
C(32) -0.0145(8) 0.207(1) 0.0993(6) *0.063(8)
C(33) 0.0707(8) 0.101(1) 0.0874(6) *0.059(8)
C(34) 0.1785(7) 0.0824(9) 0.1324(5) *0.051(7)
C4) 0.5760(7) 0.0458(9) 0.3034(5) *0.049(7)
C@4l) 0.3953(7) -0.0332(9) 0.1764(5) *0.051(7)
C(42) 0.5115(7) -0.1334(9) 0.1761(6) *0.057(7)
C(@43) 0.5917(7) -0.1154(9) 0.2220(5) *0.056(7)
C(44) 0.5259(7) -0.0050(9) 0.2516(5) *0.049(7)
C(5) -0.002(1) 0.141(1) 0.4006(8) *0.11(1)
C(111) 0.2685(8) 0.5300(9) 0.3872(5) *0.052(7)
C(112) 0.329(1) 0.637(1) 0.3478(6) *0.08(1)
C(113) 0.336(1) 0.727(1) 0.3861(8) *0.10(1)
C(114) 0.279(1) 0.711(1) 0.4663(8) *0.08(1)
C(115) 0.218(1) 0.607(1) 0.5059(7) *0.10(1)
C(116) 0.210(1) 0.516(1) 0.4658(7) *0.09(1)
C21D) -0.1494(7) 0.440(1) 0.1476(6) *0.051(8)
C(212) -0.1317(8) 0.543(1) 0.0870(8) *0.07(1)
C(213) -0.248(1) 0.613(1) 0.0591(8) *0.09(1)
C(214) -0.3818(9) 0.577(1) 0.0927(8) *0.08(1)
C215) -0.4021(8) 0.474(1) 0.1540(7) *0.08(1)
C(216) -0.2853(8) 0.405(1) 0.1803(6) *0.073(9)
C@31D) 0.2910(7) -0.1159(9) 0.0904(5) *0.047(7)
C(312) 0.2395(9) -0.228(1) 0.1297(6) *0.067(8)
C(313) 0.2399(9) -0.320(1) 0.0891(7) *0.075(9)
C(314) 0.2968(9) -0.302(1) 0.0101(7) *0.068(9)
C(315) 0.348(1) -0.192(1) -0.0294(6) *0.09(1)
C(316) 0.346(1) -0.096(1) 0.0113(6) *0.073(9)
C(411) 0.7013(7) -0.0284(9) 0.3347(6) *0.049(7)
C(412) 0.6808(8) -0.089(1) 0.4126(6) * 0.064(8)
C(413) 0.795(1) -0.158(1) 0.4442(7) *0.07(1)
C(414) 0.9303(9) -0.171(1) 0.3945(8) *0.07(1)
C(415) 0.9511(8) -0.110(1) 0.3162(7) *0.067(9)

C(416) 0.8380(7) -0.039(1) 0.2866(6) *0.060(8)




Table 4 The least square plane of (MeOH)Cr(II)TPP

Least square plane Atoms defining the plane

1 24 atoms of the porphy.rin core

2 NICI1Cl12Cl3 Cl4

3 N2 C21 C22 C23 C24

4 N3 C31 C32 C33 C34

5 N4 C41 C42 C43 C44

6 CII1 CI12CI113 C114 C115C116

7 C211 C212 C213 C214 C215 C216

8 C311C312C313 C314 C315C316

9 C411 C412 C413 C414 C415 C416

Table 5 The dihedral angles between the mean plane of the porphyrin ring and

the planes of the pyrrole rings of (MeOH)Cr(II)TPP

Plane number Plane number Angle (degree)
1 2 2.2(3)
1 3 2.0(3)
1 4 1.1(3)
I 5 2.0(3)




Table 6 The dihedral angles between the mean plane of the porphyrin ring and

the planes of the phenyl rings of (MeOH)Cr(II)TPP

Plane number Plane number Angle (degree)
1 6 97.5(3)
1 7 79.6(3)
1 8 100.6(3)
] 9 110.6(3)




Table 7 The selected bond lengths and angles of (MeOH)Cr(II)TPP

Bond Distances  (Angstroms) | Bond Distances  (Angstroms) Bond Distances  (Angstroms)
Cr-N(1) 2.038(8) C(2)-C(24) 1.43(2) C(114)-C(115)  1.34(2)

Cr-N(2) 2.049(8) C(2)-C(31) 1.38(1) C(115)-C(116)  1.40(2)

Cr-N(3) 2.056(9) C(2)-C(211) 1.51(1) CQ21D-C212) 1.37(2)

Cr-N(®4) 2.051(7) C(21)-C(22) 1.43(1) C21)-C216)  1.37(1)

Cr-O(5) 2.249(6) C(22)-C(23) 1.35(2) C(212)-C(213)  1.40(1)
N(1)-C(11) 1.379(9) C(23)-C(24) 1.45(1) C(213)-C(214)  1.36(1)
N(1)-C(14) 1.38(1) C(3)-C(34) 1.39(1) C(214)-C(215)  1.37(2)
N(2)-C(21) 1.40(1) C(3)-C(41) 1.40(1) C(215)-C(2t6)  1.38(1)
N(2)-C(24) 1.37(1) C(3)-C(311) 1.52(2) C(311)-C(312) 1.37(1)
N(3)-C(31) 1.37(1) C(31)-C(32) 1.45(2) C(3I11)-C(316)  1.36(1)
N(3)-C(34) 1.37(1) C(32)-C(33) 1.35(1) C(312)-C(313) 1.40(2)
N(4)-C(41) 1.39(1) C(33)-C(34) 1.45(1) C(313)-C(314) 1.36(2)
N(4)-C(44) 1.37(1) C(4)-C(44) 1.43(2) C(314)-C(315)  1.35(2)
O(5)-C(5) 1.42(1) C4)-C(411) 1.51(1) C(315)-C(316)  1.43(2)
C(1)-C(14) 1.40(1) C(41)-C(42) 1.44(1) C(411)-C(412)  1.37(1)
C(D-C21) 1.41(1) C(42)-C(43) 1.35(2) C(411)-C(416)  1.38(1)
C(1)-C(111) 1.50(2) C(43)-C(44) 1.44(1) C(412)-C(413)  1.41(1)
C(11)-C(12) 1.46(2) C(111)-C(112) 1.36(1) C(413)-C(414)  1.39(1)
C(11)-C(4) 1.38(1) C(111)-C(116) 1.36(1) C(414)-C(415)  1.38(2)
C(12)-C(13) 1.35(1) C(112)-C(113) 1.37(2) C(415)-C(416)  1.38(1)
C(13)-C(14) 1.45(1) C(113)-C(114) 1.38(2)

Bond Angles (degrees) | Bond Angles (degrees) Bond Angles {degrees)
N(1)-Cr-N(2) 89.7(3) | C(1)-C(14)-C(13) 124(1) C(4)-C(44)-C(43) 125.6(7)
N(1)-Cr-N(3) 169.5(2) | C(24)-C(2)-C(31) 124.6(7) C(1)-C(111)-C(112) 120.5(9)
N(I)-Cr-N(4) 89.2(3) | C(24)-C(2)-C211) 116.4(9) C(1)-C(111)-C(116) 121.3(9)
N(1)-Cr-O(5) 95.1(3) | C31)-C(2)-C(211) 119(1) C(112)-C(111)-C(116)  118(1)
N(2)-Cr-N(3) 89.5(3) | N(2)-C(21)-C(1) 124.8(8) | C(111)-C(112)-C(113)  121(1)
N(2)-Cr-N(4) 168.0(3) | N(2)-C(21)-C(22) 109.8(8) | C(112)-C(113)-C(114)  120(1)
N(2)-Cr-O(5) 96.7(2) C(1)-C(21)-C(22) 125(1) C(113)-C(114)-C(115)  119(1)
N(3)-Cr-N(4) 89.4(3) C(21)-C(22)-C(23) 108(1) C(114)-C(115)-C(116)  120(1)
N(3)-Cr-O(5) 95.4(3) C(22)-C(23)-C(24) 107.1(8) C(111)-C(116)-C(115)  121(1)
N(4)-Cr-O(5) 95.3(2) | N(2)-C(24)-C(2) 124909) | C(2)-C(211)-C(212) 120.3(7)
Cr-N(1)-C(11) 126.8(7) N(2)-C(24)-C(23) 110(1) C(2)-C(211)-C(216) 121.3(9)
Cr-N(1)-C(14) 126.5(5) C(2)-C(24)-C(23) 125.4(8) C(212)-C(211)-C(216)  118.4(8)
C(11)-N(1)-C(14) 106.5(8) | C(34)-C(3)-C(41) 126(1) C(211)-C(212)-C(213)  121.4(8)
Cr-N(2)-C(21) 126.7(6) C(34)-C(3)-C(311) 117.4(8) | C(212)-C(213)-C(214)  119(1)
Cr-N(2)-C(24) 126.7(8) C(41)-C(3)-C(311) 116.8(7) | C(213)-C(214)-C(215)  121(1)
C(21)-N(2)-C(24) 105.7(7) | N(3)-C(31)-C(2) 127(1) C(214)-C(215)-C(216)  119.7(8)
Cr-N(3)-C(31) 125.7(7) N(@3)-C(31)-C(32) 109.1(9) | C(211)-C(216)-C(215) 121(1)
Cr-N(3)-C(34) 126.7(5) C(2)-C(31)-C(32) 123.6(8) C(3)-C(311)-C(312) 120.1(8)
C(31)-N(3)-C(34) 107.4(8) | C(31)-C(32)-C(33) 107.3(8) C(3)-C(311)-C(316) 120.8(9)
Cr-N(4)-C(41) 126.4(5) C(32)-C(33)-C(34) 107(1) C(312)-C(311)-C(316)  119(1)
Cr-N(4)-C(44) 127.6(7) N(3)-C(34)-C(3) 125.8(9) | C(311)-C(312)-C(313)  120.8(9)
C(41)-N(4)-C(44) 105.9(7) | N(3)-C(34)-C(33) 109.0(7) | C(312)-C(313)-C(314)  121(1)
Cr-O(5)-C(5) 121.6(6) C(3)-C(34)-C(33) 125(1) C(313)-C(314)-C(315)  119(1)
C(14)-C(1)-C(21) 125(1) C(11)-C(4)-C(44) 125.3(7) | C(314)-C(315)-C(316) 121(1)
C(14)-C(1)-C(111)  117.5(9) C(11)-C(4)-C(411) 117.6(9) | C(311)-C(316)-C(315)  120(1)
C21)-C(1)-C(111) 117.4(7) C(44)-C(4)-C(411) 117.0(8) C(4)-C(411)-C(412) 119.8(6)
N(1)-C(11)-C(12) 109.0(8) | N(4)-C(41)-C(3) 125.1(7) | C(4)-C(411)-C(416) 121.8(8)
N(1)-C(11)-C(4) 126.0(9) | N(4)-C(41)-C(42) 109.7(8) | C(412)-C(411)-C(416)  118.4(8)
C(12)-C(11)-C(4) 124.9(7) C(3)-C(41)-C(42) 125(1) C(411)-C(412)-C(413y  121.6(8)
C(11)-C(12)-C(13)  107.6(8) C(41)-C(42)-C(43) 106.8(9) | C(412)-C(413)-C(414)  119(1)
C(12)-C(13)-C(14) 107(1) C(42)-C(43)-C(44) 107.6(7) | C(413)-C(414)-C(415) 119.3(9)
N(1)-C(14)-C(1) 126.3(9) | N(4)-C(44)-C(4) 124.4(8) | C(414)-C(415)-C(416)  120.8(8)
N(1)-C(14)-C(13) 109.7(7) | N(4)-C(44)-C(43) 110.009) | C411)-C(416)-C(415) 120.9(9)




Table 8 Non-hydrogen positional and isotropic displacement parameters for

Cr(IHTCNPP
Atom x/a y/b z/c U(eq) A**2
Cr 0 1 0 *0.0288(5)
N(1) 0.0915(3) 0.8214(3) 0.0434(2) *0.052(2)
N(2) -0.0478(3) 1.0666(3) 0.0852(2) *0.052(2)
C(1) 0.1641(4) 0.7078(4) -0.0500(2) *0.051(3)
C(11) 0.1539(4) 0.7137(4) 0.0150(2) *0.053(3)
C(12) 0.2146(5) 0.6137(5) 0.0634(2) *0.064(3)
C(13) 0.1901(5) 0.6598(4) 0.1201(3) *0.065(3)
C(14) 0.1127(4) 0.7912(4) 0.1078(2) *0.051(3)
C(2) 0.0663(4) 0.8724(4) 0.1543(2) *0.052(3)
c@n -0.0100(4) 0.9996(4) 0.1435(2) *0.053(3)
C(22) -0.0568(5) 1.0822(5) 0.1924(3) *0.066(4)
C(23) -0.1209(5) 1.1987(5) 0.1630(2) *0.064(3)
C(24) -0.1156(4) 1.1887(4) 0.0961(2) *0.051(3)
C(I11D) 0.2377(4) 0.5826(4) -0.0713(2) *0.052(3)
C(112) 0.3601(5) 0.6019(4) -0.0950(2) *0.065(3)
C(113) 0.4255(5) 0.4877(5) -0.1185(3) *0.0734)
C(114) 0.3702(5) 0.3527(4) -0.1158(3) *0.069(3)
C(115) 0.2517(5) 0.3307(4) -0.0905(3) *0.067(3)
C(116) 0.1856(4) 0.4454(4) -0.0686(2) *0.061(3)
C(117) 0.4348(7) 0.2361(6) -0.1433(4) *0.106(5)
N(117) 0.4825(8) 0.1462(6) -0.1679(4) *0.170(7)
C(21l) 0.1023(4) 0.8200(4) 0.2214(2) * 0.053(3)
C(212) 0.2300(5) 0.8537(5) 0.2595(3) *0.067(4)
C(213) 0.2664(5) 0.8038(6) 0.3217(3) *0.072(4)
C(214) 0.1734(5) 0.7168(4) 0.3461(2) *0.063(3)
C(215) 0.0445(6) 0.6823(5) 0.3086(3) *0.071(4)
C(216) 0.0093(5) 0.7343(5) 0.2466(3) *0.070(4)
C(217) 0.2134(6) 0.6649(5) 0.4106(3) *0.076(4)

N(217) 0.2509(6) 0.6245(5) 0.4615(3) *0.099(4)




Table 9 The least square plane of Cr(I)TCNPP

Least square plane Atoms defining the plane
1 CICl1CI12CI3Cl4 NI C2C21 C22 C23 C24 N2
2. NI C11C12 C13 Cl4
3 N2 C21 C22 C23 C24
4 Cl11Cl112CI13Cl14 Cl1I5Cll6
5 C211 C212 C213 C214 C215 C216

Table 10 The dihedral angles between the mean plane of the porphyrin ring and

the planes of the pyrrole rings and the phenyl rings of Cr(I)TCNPP

Plane number Plane number Angle (degree)
] 2 1.2(2)
1 3 0.8(1)
1 4 65.3(2)
] 5 86.7(1)




Table 11 The selected bond lengths and angles of Cr(II)TCNPP

Bond Distances (Angstroms) Bond Distances (Angstroms)
Cr-N(1) 2.043(3) C(21)-C(22) 1.444(7)
Cr-N(2) 2.055(4) C(22)-C(23) 1.357(6)
Cr-N(217) 2.681(5) C(23)-C(24) 1.439(7)
Cr-N(1) 2.043(3) C(111)-C(112) 1.394(7)
Cr-N(2) 2.055(4) C(111)-C(116) 1.397(6)
Cr-N(217) 2.681(5) C(112)-C(113) 1.393(7)
N(1)-C(11) 1.381(5) C(113)-C(114) 1.390(6)
N(1)-C(14) 1.377(6) C(114)-C(115) 1.381(8)
N(@2)-C(21) 1.378(6) C(114)-C(117) 1.446(8)
N(2)-C(24) 1.370(5) C(115)-C(116) 1.386(7)
C(1)-C(11) 1.408(7) CQ211)-C(212) 1.387(6)
C(D-C(111) 1.497(6) C(211)-C(216) 1.397(7)
C(1)-C(24) 1.400(6) C(212)-C(213) 1.384(8)
C(11)-C(12) 1.438(6) C(213)-C(214) 1.396(8)
C(12)-C(13) 1.345(8) C(214)-C(215) 1.391(7)
C(13)-C(14) 1.449(6) C(214)-C(217) 1.440(8)
C(14)-C(2) 1.393(7) C(215)-C(216) 1.388(8)
C(2)-C(21) 1.408(5) C(117)-N(117) 1.14(1)
C(2)-C(211) 1.488(6) CQRI7)-N217) 1.140(8)
Bond Angles (degrees) Bond Angles (degrees)
N(1)-Cr-N(2) 90.4(1) C(14)-C(2)-C(211) 116.7(3)
N(1)-Cr-N(217) 86.1(1) C(21)-C(2)-C(211) 117.4(4)
N(1)-Cr-N(1) 180.0000 N(2)-C(21)-C(2) 125.4(4)
N(1)-Cr-N(2) 89.6(1) N(2)-C(21)-C(22) 109.6(3)
N(1)-Cr-N(217) 93.9(1) C(2)-C(21)-C(22) 125.0(4)
N(2)-Cr-N(217) 86.7(2) C(21)-C(22)-C(23) 106.6(5)
N(2)-Cr-N(1) 89.6(1) C(22)-C(23)-C(24) 107.6(4)
N(2)-Cr-N(2) 180.0000 N(2)-C(24)-C(23) 109.4(4)
N(2)-Cr-N(217) 93.3(2) N(2)-C(24)-C(1) 125.3(4)
N(217)-Cr-N(1) 93.9(1) C(23)-C(24)-C(1) 125.2(4)
N@R17)-Cr-N(2) 93.3(2) C(1)-C(111)-C(112) 120.0(3)
N(217)-Cr-N(217) 180.0000 C(D-C(111)-C(116) 121.3(4)
N(1)-Cr-N(2) 90.4(1) C(112)-C(111)-C(116) 118.7(4)
N(1)-Cr-N(217) 86.1(1) C(111)-C(112)-C(113) 120.8(4)
N(2)-Cr-N(217) 86.7(2) C(112)-C(113)-C(114) 119.1(3)
Cr-N(1)-C(11) 126.9(3) C(113)-C(114)-C(115) 121.0(4)
Cr-N(1)-C(14) 126.1(3) C(113)-C(114)-C(117) 118.6(5)
C(11)-N(1)-C(14) 106.8(3) C(115)-C(114)-C(117) 120.4(4)
Cr-N(2)-C(21) 125.9(3) C(114)-C(115)-C(116) 119.5(4)
Cr-N(2)-C(24) 127.2(3) C(111)-C(116)-C(115) 120.9(4)
C(21)-N(2)-C(24) 106.7(4) C(114)-C(117)-N(117) 176.7(8)
C(11)-C(1)-C(111) 117.3(3) C(2)-C(211)-C(212) 120.3(4)
C(11)-C(1)-C(24) 125.6(4) C(2)-C(211)-C(216) 120.7(4)
C(111D)-C(1)-C(24) 117.1(4) C(212)-C(211)-C(216) 118.9(5)
N(1-C(11)-C(1) 125.4(4) C(211)-C(212)-C(213) 121.2(5)
N(D)-C(11)-C(12) 109.0(4) C(212)-C(213)-C(214) 119.4(5)
C(D)-C(11)-C(12) 125.5(4) C(213)-C(214)-C(215) 120.3(5)
C(11)-C(12)-C(13) 108.0(4) C(213)-C(214)-C(217) 118.6(4)
C(12)-C(13)-C(14) 107.0(4) C(215)-C(214)-C(217) 121.1(5)
N(1)-C(14)-C(13) 109.2(4) C(214)-C(215)-C(216) 119.6(5)
N(1)-C(14)-C(2) 125.9(3) C(211)-C(216)-C(215) 120.7(5)
C(13)-C(14)-C(2) 124.9(4) C(214)-C(217)-N(217) 177.1(7)
C(14)-C(2)-C(21) 125.94) C(217)-N(217)-Cr 122.8(5)
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Figure 1 The ORTEP plot of (MeOH)Cr(II)TPP
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Figure 2 Structure and numbering scheme for (MeOH)Cr(II)TPP. Superscripted numbers are deviations in A of ring atoms from the

least square plane of the porphyrin mean plane (-4.6522X - 4.9232Y + 9.8167Z - 0.0484 = 0)
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Figure 4 The ORTEP plot of Cr(I)TCNPP
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Figure 5 Structure and numbering scheme for Cr(ITCNPP. Superscripted numbers are deviations in A of ring atoms from the least

square plane of the porphyrin mean plane (8.2609X + 4.7634Y + 0.0122Z — 4.6950 = 0)



Figure 6 An ORTEP projection of the unit cell contents of Cr(II)TCNPP



Figure 7 An arrangement of each Cr(I)TCNPP molecule in the unit cell



