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Summary

The axial ligation of nitrogenous base (pyridine, imidazole, 1-methylimidazole, 2,6-lutidine) to the
four coordinated metallo-tetrakis (ortho—chlorophenyl) porphyrin and metallotetraphenylporphyrin are
studied in a noncoordinating solvent, dichloromethane,

Eqilibrium constants for the ligation reactions of metalloporphyrin were determined using the
spectrophotometric method, The order of the coordination capability of the ligands was given by:

1-Methylimidazole )Imidazole »Pyridine )2,6-Lutidine

For the egilibria of reactions of ZnTPP and Zn(o-Cl) TPP with polar solvents (DMF, DMSO), the
equilibrium constants (logK) were 2.74 and 1,39 for DMSO, and 1.89 and 1.22 for DMF.

Nitrogenous bases (1-Melm, Im, Py, 2,6-Lut) to four coordinated Zn(o~Cl) TPP and ZnTPP have
been investigated in various solvents, dimethylformamide, dimethylsulfoxide, dichloromethane,
acetone, and chloroform at several temperature (15,25 and 35C). The values of thermodynamic
parameter, AH(kcal/mol) and AS(eu) were determined from the temperature effect on the
equilibrium constants

In addition to the temperature effect, the solvent effects on the equilibrium constants of ligation
reaction were discussed,

For the case of a coordinating solvents (DMSO and DMF)}, the solvent effects on the equilibrium
reaction between the metalloporphyrin and nitrogenous base were able to explain in terms of a
competition between the nitrogenous bases and solvent for the vacant coordination site of ZnTPP
and Zn(o-Cl) TPP.

* Adztsto)ed ghets)
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metalloporphyring 54 3¢ 0]&9] AxLF=zo
aiet Hwe] & Wyoz 14 F& 279 Holo]
Lolv F42 <4714 =z=st Ao 5l
T2 6efHAEE A PPt AT B
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g o, S0l Hdoz RE g HaE £
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ek Aol oA slpof AGy dgE o
3} (Suslick, 1984) .

metalloporphyrin2t-2-9] 2|7le Frhikgol F
Aguilof A dold o] BojExizl F&ol ol ul
g & . ok 474 2=} metallo-
porphyrinZte] Al ghe S ozl ¥4
aAslojol gl £ Ay ol&% Auime F
=+ Fig.1o] vehd A phenyl groupe]
x8¥ tetraphenylporphyrin (H,TPP) 2} phenyl
group2] ortho¥] Aol chloride2 x]3 % tetrakis
(orthochloro) phenylporphyrin (H, (0-Cl) TPP) ]
t} (Quinn and Valentine, 1982) .

2 =&dAl= H.TPPe} H,(0o-Cl) TPPE 2|3}
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(a)

Fig.1. Porphyrin Structure: (a) TPP free

base (b) (o-Cl) TPP free base

)]

Fig.2. a) The axial ligand was not

coordinated to the metal.
b) The axial ligand was coordinated
to the metal.
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Metalloporphyrin (M=Ni**, Cu®,

Zn*) 2Ag3 F4 2ot w4 et $oie] 9% 3

1. 2= gy

Adize] 7= H,TPPE Adlery & o4 #Hy
sted g3t (Adler, 1976). pyrrole 21w
(0.3mole) 2} benzaldehyde 30mf(0.3mole) & -7}
ste] #5470 F 500w propionic acidg Pz 2
A2 A2 of $RAFG, o] = LA Fe A
FHoz Ao AL Ao 7rHich. o] £Aoj
ether& 7hsla 2417 24412 gAld ¥ o3
3l AAE 3ot delA AAE }F F=E A
% Ax4|Z1 ¥ column chromatography® 2%
€2 ¥sigdd. nixwte 2 dry-column
chromatography® ¥&]3lgid. H,(0~Cl) TPP+=
Fdo] =zt ¢Asci(Nappa and Valentine,
1978) . pyrrole 70mé (1mole) 2} (ortho-chioro) -
benzaldehyde 175af (lmole) § &E§3lod #7420
% 1¢ propionic acido]l ¥z 5417+ BHFAIZct.
fofo] etherd 7Hstz YA A 4847 FA T
F oigsle] welde] AAE i, dojd A
Ae 31+ Ax A=A1A dry-column chromato-

graphy2 *esgid,

2. metalloporphyrin®] #A (Adler

and Longo, 1972)

1) MTPP(M=2Zn*, C¥ Ni*) ¥4
£} DMFol MCLE ¥a #F4]7|d4 2=
H,TPP& #7l¢ ¥ 341 o $FARG. o &
oo fofeh e ko] JdEEE ¥ F 24417
P4 ob-g o3l AAL A, o] AAR
dry-column chromatography® ¥-2|3le] AF A
z417 €4 AL AU,

2) M(o-Cl) TPP %4
£ DMFo] MCLE 32 #H4171HA (0-C)
TPPE 71gt ¥ 641 F<¢ AL #5417, o
Sojo] Ze %o UFEL W 4841 AU
% oAzsted HAL Aok, o] AAE dry-
column chromatography2 %23« 23 A=z3l
B2 £4% A4¢ 4F 4 UgicH(Tadle 1),

Table 1. UV-visible spectra and extinction coefficients of MTPP and M(o-Cl) TPP in benzene.

Compound Q-1 (0-0) Q-1 (1-0) Soret-B  (0~0)
Porphyrin Metal A nax € nax A hax € pnax A nax € nax
(nm) (M cm) (nm}) (M cm) (nm) M cm)
Zn* 587 3027 547 17050 418 437800
(587) (3020) (547) (17045) (418) (447900)
PP Cu® 575 2240 538 20600 420 465500
(574) (2239) (537) {20590 (418 (455400)
Ni** 524 13644 415 375434
(524) (13540) (420) (304055)
Zn* 580 1349 548 16120 420 386900
(580) (1347) (549) (16116) (414) (374500)
Cu* 570 3289 537 21210 412 453000
(0-ChTPP 570) (3288) (537 (21210) 417) (405300)
Ni** 557 2240 5053 12650 409 405322
(557) (5050) (524) (12654) (408) (404753)
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3. Al 3 e M=

Y &A2] metalloporphyring] FEE 2.5
X10°M=z 4AsA sigicl, Addl A £l
benzaldehyde, (0-Cl)
benzaldehyde, propionic acid+ Fisherd &Fo
2 AH43t9lm f9l=4 CH,Cl,, CHCl,, DMF,
DMSO, (CHy),CO& Merckd) 53¢ Axjstod

AHg st

2l pyrrole, methanol,

4 BEAS B
R JFA4A AL ZlFE UV-265

Shimazu Spectrophotometerejgion FRx &
AellA FEAL 10m HPIAE A&, o)
o 4949 &AL Eallol ez Mg A
€ ¥asla &= =drE A s¥ygex
(Neslab LT-50DD)E& HA4]# &£x=& 15C, 25
€, 35C=2 =319 (Park and Byun, 1987).

A3 9 33

1. MTPP & M(o-Cl) TPPS}

nitrogenous bases 72| &

gahgkg (D2 (3) e BYA4= Stynes-Ibers
HE o|f3td AA5E I} (Sokol and
Rorabacher, 1981) .
MTPP+ nLé MTPP (L) v oeeer oo e
JOMIPPL, o
(MTPP)(L)®
M (0-CI) TPP +nL = M (0-C1) TPP (L), ---(3)
_ (M(o~C) TPP (L) )
(M (o-CI) TPP](L)"

o}714] L=1-methylimidazole, imidazole,
pyridine, 2,6-lutidinec]z M=2Z", Cu*, Ni*o]
o},
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Absorption spectra of the metallo-
porphyrin in CH,CI, : Ni(o-Cl) TPP
[2.5%10°M] and Cu(o-Cl) TPP [5X10
M].
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Metalloporphyrin (M=Ni*", Cu®, Zn*) 223 F4 2|=3te] 3ol =9} §oi9 g 5

e Ay et ggtd ge4 gls, LY
¥%of @& metalloporphyrin CH,Cl, £ &
F= ol fols] gL SAY FAY
Uk,

(=
o

ABSORBANCE

WAVELENGTH (nm)

Fig. 4. Absorption spectral changes upon
increasing the concentration of 2,6~
lutidine in 2.5X10°*M Zn (o~CI) TPP-CH
.Cl, solution at 25C.

CH,Cl, £vlofiA] yhg ()3 (38 ¥ Adse
9714 27te, Lo] 1l-methylimidazole, imida-
zole, pyridine 3 2, 6-lutidineq] =f £33 &3
5= #3}E 565nm, 564nm, 560nm P 558nmeil 4
47 &Rt ARG, AMEY daFA4
Zn(o-C) TPP £A(CH.CL,)9 &4 2AME]
g lutidine (L) o d%-& Fig.4ol rtebligic,
o7l A F4 AL 549nmelA 558nme 2
k= (L) sxol oel APFHoz olFiAct.
olz|g WAL o Y= imidazole, 1-
methylimidazole, pyridineo] 4= utelgtc},

porphyrine] TPPRl 4h& (1)9) FYA4 (Table
2% v" 49714 ==, Lo pKagol E5%
Y4 ol Fri3gict, o7 pKaglo]l &
= Y+§ F4ol o 2j2k= 9 o-donatono]
A4 S4of dig o] A FHAle U
WA A Al (Sweigart, 1985) . ==
8] pKael =& %3 w8l porphyrinaled
sy Az & Dhel 2| PEFe] oy =3t
E pKa®) 4¢3z 3 YdAsiglcd. & MTPP9
F¢ 2F=Yo] oy «i7lA l=9 JgL
(Fig.5 =z =9 pKagtel F7194% Az 3«

Teble 2. Equilibrium constants for the reaction of MTPP with nitrogenous bases in CH,CI, at

25°C and 0.01M ionic strength.

MTPP Bases pKa* LogK
ZnTPP 1-Methylimidazole 7.33 5.36
Imidazole 6.65 5.2]
Pyridine 5.29 3.84
2,6-Lutidine 2.15 1.57
CuTPP 1-Methylimidazole 7.33 1.72
Imidazole 6.65 1.68
Pyridine 5.29 1.47
2,6-Lutidine 2.15 0.57
NiTPP 1-Methylimidazole 7.33 1.63
Imidazole 6.65 1.57
Pyridine 5.29 1.42
2,6-Lutidine 2.15 0.87

* K.S .Schoefield “Hetero-Aromatic Nitrogen Compound”: Plenum Press; New York, 1967.

p.146.
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¢ ZnTPP

pKa

Fig.5. Plots of logK vs ligand pKa for the

reaction MTPP+L=MTPPL at 25C
and 0.01M ionic strength.
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(3)9] HY44(Table 3) Ko} 217t=9] pKazhe
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o} Yziezie] AL e, Lo pKao] o
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Fig.6. LogK vs atomic number for the reac-
tion MTPP+ (L) =MTPP(L).

2ot olzl APl & A%E nlAz Y_

€ ¢ 4 ok, oY AMA Es} ofFe] M(o-

Table 3. Equilibrium constants for the reaction of M(0-Cl) TPP with nitrogenous bases in CH.CI,

at 25°C and 0.01M ionic strength.

M(o-Cl) TPP Base pKa* LogK
1-Methylimidazole 7.33 2.43
Zn (0-C1) TPP Imidazole 6.65 3.14
Pyridine 5.29 3.75
2,6-Lutidine 2.15 1.20
1-Methylimidazole 7.33 0.91
Cu (o-Cl) TPP Imidazole 6.65 1.25
Pyridine 5.29 1.40
2,6-Lutidine 2.15 0.46
1-Methylimidazole 7.33 0.98
Ni{o~C!) TPP Imidazole 6.65 1.23
Pyridine 5.29 1.34
2,6-Lutidine 2.15 0.59

* K S_.Schoefield “Hetero-Aromatic Nitrogen Compound”; Plenum Press:New York, 1967:

p.146,



Metalloporphyrin M=Ni**, Cu¥,

Zn") 2e3 F4 "=

o] qhgolA Exef golo] J3 7

CHDTPP 3 MTPP9} L339 # %A+ (Table 29}
Table 3)& vlag = MTPP~} M(o-Cl) TPP& T}
EF & g dehdigick, JalE o)) olAbs
€ M(e-CDHTPP A% &lzl=Le o= Fofr}
%7k PpImd1-Melm)2, 6-Lut £o3 334k
gtol Z4EA

Fig.62 Table 22| K& F4o|29 4Ao «
2t 2 W} Agg =4lstgict, Table 29} Fig.6
€ 39 H}YL44 KR Zn*)Cu?*= Ni*2 dH

EYSol BArE 10712 Zn™olL 9] 7% atge
=S AR 2A Jdeigd, S&olee] o
w3e 2z Zn*, Cu®, Ni*Uwl 74, 71, 69pm
2 4] (Fabbrizzi, 1980), Zne|-&e| porphyrin
ring?] 2719} fAtsictd AHE Y metallo-
porphyrina 8¢ ¥4 Holcd. o u

metalloporphyrin®] A}z Zn* o]& U
7} Ni*ejuh Cu® o] o] v]sied obsiA]l eirdc),
ozl MTPPS} M (0-Cl) TPPoll4] M=Zn® o}&

Table 4. Equilibrium constants for the reaction ZnTPP, Zn(o-C!) TPP with polar solvent in CH,

Cl..

-AH AS

MTPP ligand logK DN D (kcal/mol) (ew
1) 2.80

ZnTPP DMSO 2 2.74 29.8 45.0 3.9 -0.78
3 2.61
1) 1.98

4 DMF 2) 1.89 26.6 36.7 3.38 -2.68
3) 1.78
1) 1.46

Zn(o-C) TPP DMSO 2) 1.39 29.8 45.0 2.91 -3.41
3 1.32
1D 1.28

- DMF 2) 1.22 26.6 36.7 2.19 -1.78
3 1.15

Teble 5. Equilibrium constants for the reaction ZnTPP with nitrogenous bases in CHCI,.

Bases t(C) logK -AH (keal/mol) AS (eu)

15 5.35

1-Melm 25 5.24 4.57 8.62
35 5.13
15 5.23

Imidazole 25 5.15 4.56 8.17
35 5.01
15 3.73

pyridine 25 3.62 4.16 2.61
35 3.53
15 1.45

2,6-lutidine 25 1.39 2.08 -0.60
35 1.35
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o Fol29 Ziuez 9r4d =HI=
AYe folstA ddolid 4 ok, olofuts
MTPPY4 M(o-C)TPP&} Lzte] Agee Zn™dd
74 Ni**oju} Cu¥olof u]3led & & 7hAel
%t} Table 2, 37 Fig.6ol4 M=Zn"dnj
metalloporphyrin® L7}9] A¥¢Z=& delde
HAY44 Kok 73 ade A€ ¢ ¢ o o
A%E M=Zn*Ydw MTPPY M(o-Cl)TPPS]

D, ElZt=Rol 713 oaiAl ¥Aso UdE
ulgtch, £3 Table 29| Fo2aAE o] i
ol 9%E & w D, HAJE=ERY AVl
Zn*ol&d o P st} oeld Zn*ol s
a7)& porphyrin nel8] a7l uldle W& 7
ob4 Z& wigkoz 2|7l=rl Ad « 44 &34
d ol ZH Aol ciddct.

2
s
k=)

Table 6. Equilibrium constants for the reaction Zn(o-Cl) TPP with nitrogenous bases in CHCl;.

Bases t{o logK -AH (kcal/mol) AS(eu)
15 2.43
1-Melm 25 2.31 4.79 5.5
35 2.20
15 3.09
Imidazole 25 2.98 3.75 1.1
35 2.3
15 3.57
pyridine 25 3.51 i 5.57
35 3.42
15 1.20
2,6-lutidine 25 1.16 1.66 -0.27
35 1.12

2. ZnTPP % Zn(o-C)) TPPS} S48
OfZte] HY

CH,Cl, -#vlo} 4 metalloporphyrine] oig 54
4o DMF, DMSO9 A¥JE A
(Table 4) ., Fig.7& & CH,Cl, 44 DMF
9] 350 wet Zn(o-Cl) TPPS o] FaiyZ
o2 ol%3glerns, DMF7} Zn(o-Cl)TPPo| 7
Teges ¥+ U B3 D FYA
4+ DMFY o 557nm, DMSOY =i 558nmeil 4
77 ZAsigdch derlal = (15~350) o4
%349 o] g o83 AH ASE dgixn o]
AE SAHL4EAY FA4+ D) R donor
number (DN) &} #7] Table 4ol 4E-3l5ich, 3y
A4 gL FAEoEAe] fAHA44 donor
numberz} Z71g4& Frhsigdc.

ABSORBANCE

o
(24l

WAVELENGTH (nm)

Fig.7. The efects of DMF on the absorption
spectrum of Zn(o-C)TPP [2.5X107°M]
in CH,Cl, at 25C.
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zle

=

28l ggeld L= §e49 g 9

3. Solvent effect

2z Hs 15~35CHA &AW HYo4 logK®
van't Hofffoll =g} T 'ol o3 =«lsisi® =
o godex parameterd] AH(I%3] wHa)e
AS(FIERZD #H)§ 3AY FYd+ 33 ¢
Table 5,6,7.8,9,1000 Jeluigich, o|F <ddea
parameter+ CH,Cl,, CHCl,, (CH,),CO, DMF,
DMSO £oiol4 ZnTPP % Zn(o-Cl) TPP&} L7}

DAstgde}. Table 5,6,7.8.9,10014
(D e 25 ¢dadygeln
e L9 pKart &71¢4+% AHEe
(a2 Frsidc, o3y WAL
CHCl;, (CHy),CO &clofiM BAL 4

o]
CH,Cl;.
Act,
Table 9,104 &< $AA4 3} donor
number el & DMSO$} DMF Rsojofise F4
o] A2 gl+ CHCl,, CH,Cl,, (CH,),COollH »
o w1 ()9 HFYds e vz Fe

Table 7. Equilibrium constants for the reaction ZnTPP with nitrogenous bases in acetone.

Bases t(C) logK ~LH (keal/mo)) AS (ew)

15 5.61

1-Melm 25 5.48 5.4 6.95
35 5.35
15 5.4

Imidazole 25 5.36 4.77 8.42
35 5.21
15 4.06

pyridine 25 3.98 3.74 5.63
35 3.88
15 1.75

2,6-lutidine 25 1.67 2.92 -2.12
3 1.61

Table 8. Equilibrium constants for the reaction Zn(o-Cl) TPP with nitrogenous bases in acetone.

Bases t Q) logKk ~AH (kcal/mol) AS(ew)
15 2.76
1-Melm 25 2.64 5.4 -6.09
35 2.50
15 3.3
Imidazole 25 3.23 3.12 4.3
35 3.15
15 3.8
pyridine 25 3.83 2.90 7.74
35 3.75
15 1,37
2,6-lutidine 25 1.32 2.9 3.76
35 1.23




10 Cheju National University Journal Vol 34. (1992)

gtolgich. o] 7L Table 404 ¢ 4 gl AAH
DMF$} DMSO>} metalloporphyrine| axial #j%|
o Ad £+ e FALelolr] wEolct,
ZnTPP%t Zn(o-Cl)TPP4 i$izlejo] -Beiz}
DMSO &g DMFY 7% elzt= L3} Agaes
7A¥3te 2 (Collman, Kenneth and Sessler,
1983), Lo| Z¥™L dopalcta A7Ed, o9t

=
<

7Ze ¥4 & &0 DMES THFOAME &
U, =# FAA49 donor numbers} &
DMSOoA k& (1) 3 ()9 Hy44+ 32 DMF
o4 B o Ag grelddd, CHCL, CH,CL,
(CHy) ,COol & accept number?] ¢Ao et
glujEle WYL ghol Aozl

Table 9. Equilibrium constants for the reaction of ZnTPP and Zn{(o-CY TPP in DMSO.

MTPP Bases pKa logK
1-Methylimidazole 7.33 1.11
Imidazole 6.65 0.98
ZnTPP
Pyridine 5.29 0.61
2,6-Lutidine 2.15 -0.49
1-Methylimidazole 7.33 -2.84
Imidazole 6.65 0.98
Zn(o-Cl) TPP
Pyridine 5.29 0.61
2,6-Lutidine 2.15 6.06
Table 10. Equilibrium constants for the reaction of ZnTPP and Zn(o-Cl) TPP in DMF,
MTPP Bases pKa logK
1-Methylimidazole 7.33 3.64
Imidazole 6.65 2.78
ZnTPP
Pyridine 5.29 1.24
2,6-Lutidine 2.15 -0.48
1-Methylimidazole 7.33 2.09
Imidazole 6.65 1.43
Zn (0-Cl) TPP
Pyridine 5.29 0.24
2,6-Lutidine 2.15 -2.89
methylimidazole, 2,6-lutidine) 2] axial ligation®&
A 8 Re 4 g, CHCLAA «Fssc,
metalloporphyrinel| ligatione] 338 A4 £33
4] $] ¢l metallotetraphenylporphyrin Z2xfE ol&3ld FAsgCH

metallotetrakis (ortho—-chlorophenyl) porphyrin ol

nitrogenous base (pyridine, imidazole, 1-

~108~

g7lee] W5y £AE
1-methylimidzaole )imidazole )pyridine >2,6~
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lutidine
et} ZnTPP % Zn(o-Cl) TPP&} S &)
(DMSO, DMF)Zzte] ubgofia] #8Al< (logK) &

DMSOQl 7 2.74, 1.39¢]5, DMFoj«l&
1.89, 1.220|%c},
49 ZnTPP H Zn(o-C)TPPS

nitrogenous base (1-Melm, Im, Py, 2,6-Lut) 3}
9] yhgg 9 kAl £=(15, 25, 35C) o s o

2j7}x] £, dimethylformamide, dimethyl-
sulfoxide, dichloromethane, acetone, 12x
A X
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