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Abstract. Hindtndrotstionofcoordifl;ltadimidazoleeinthetitlecocnpluhPsbeen~bservcd~ytbcdynnmicNMR 
Atlowtemperaturt,whcnthcrotationoftheimidazoleswasslawonthcNMRtimcscalt,onlytheconformerwithC2 
symmetry was observal. The dispersion of the pyr10le signals, 7.3 ppm at -48oC, has been ascribed to the deviations from 
planarity of the pcnphyrio ring rather thrm an orientation effect of the axial ligands, since they must be perpendicular to each 
other. The activation enthalpy and entropy for ligand rotation wen d&mGned to be 12.9 f 0.4 KcGnol and 3.7& 1.6 e. u., 
respectively. 

INTRODUCTION 

0nc of the char;rteristic features in the pnxon NMR spectra of low spin fcnic porphyrins in synthetic compounds, simple 

natural hemins, and hcme prc&ins is that the four methyl groups at the pyrrole p positions of the porphyrin core show 

rcsonan~e lines ovtr a very wide range of mag&c field For example, the diffm in chemical shifts of th= methyl 

signals is as much as 20 ppm in cytochxnne b1 and about 12 ppm in cytochromc c cyankk2 By contrast, all of the four 

methyl signals of bis(imidaznlt) @aphyrinato) iron0 appear within 4 ppm3 Since the large downfield shiffs of ti 

mcthyl~psprccauscdbythe~tsctinreractionwithtbcunpaindelectronanthcantralirm,4theabbvercsuluindicaa 

thatthcelcchPnspinistransferredunequanytothc~ringsofthtpaphyrin 

TwohyporheseshavtbecnpFoposcdtowtplPinthcdiffertnctin~yl~shiftsinththc~s: (1)tic 

inttr;tcti~sbetwcarthcprotcinandcertain~ofthcpocphyrinamrmyamathespindensityofthefourWrrderings,5 

and (2) the proximal histidyl imidamlc may be fmed in such a way us to intexact with only one of the dz orbitals of itrotl, 

making it possible for the & orbital to intemct with one of the porphyrin 3e (x) orbitak6 Either (1) or (2) could cause an 

aaymmaric dismbution of electrcln spin. Suitable model compounds in which the coordinating imida&e is fixed may 

elu&ate these possibilities. The fixation of an axial imidazok has been achieved in several cases 7 for in&z&-appended 

irOn porphyrins. Although the proton NMR SpeCUa of tkse complexes exhibited a dispersion of the pyfiole signals, it has 

ban difficult ~OCXIITUX the tianati<m &CC! of the axial hidraok bacausc of the unsymmetrical substimtjcm ofthese 

c0mpleXU. Marc recently, Walker a al.8 used 8ymmctrically substituted porphyrin atmpisomtrs of @tr&is(~- 

pivalamidophenyl)hyrin, to nzstrict the rotation of planar axial ligands and hold them either paralkl or perpendicular to 

each other. in the bis(l-mahylimidazole) complex of the txa@ isomer, 1, where the planes of the two irnidazoks m 

WeI, the pyITOk pmt0ns appea& as two signals at 8 - 17.1 and -20.0 at 2loC. Since the difference in chemical shift was 

rather small and since these peons in in principle diasteteompk qardkss of the rot&n of imidazola, some effects other 

than the orientation may contribute. 

In this paper wt describe the futation of axially coadinated imidazoks in a highIy syrmr&ical low spin f& porphyrin, 

bis(2-mexhylimidazole) (tetmmes’ ltylporphyrinato) iron(lII) chloride, (2-Melmh (TMFFe)Cl, 2 in which the pyrrok protons 

become nonquivaknt only when the ratation of imidazoks is restricted on the NMFt time de. 

2 : L = 2-methylimidazole 

1: L = 1 &limcthylimidazole 

3225 



3226 M. NAKAMURA and J. T. GROWLS 

RESULTS AND DISCUSSION 

The visible spectrum of 2 is quite similar to that of (2-MeIm~(TPPPe)Cl~ showing absor$on maxima at 414477,564, 

and 5% nm in dichlorom&me solution. The polon NMR spectrum of 2 in a solution obtain& by the addition of 25 mol 

aquiv of 2-methylimidazole into a 0.029M of CDCl3 solution of ‘IMPFeCl to in an NMR sampk tube, showed very btoad o- 

methyl and pynolc signals at S 15 and -103, mspectinly, at 26%. Wbcn tk armperatw! was Icwnd, poton signals due 

totheporphyrinfunherbraodtnddandfiMftysplitintotwotofoutpuh,asshownh~g. I. Thesesignalswereasrigned 

unambiguously on the basis of their integral intensities and by comparison of the pmton NMR spectra with thost of the 

corres~nding m-deutiXated and pyrmkdeuttiided compkxu. tt The signals ascribable to the coorriinated Z-cycle 

wnt assigned by the comparison with those of analogous compkxes. 12 The chemical shifts of the signals obsuved at -48OC 

are list.& in Table 1. The chemical shift of each signal varied lhtearfy with T1 (Fig. 2). E!xtrapolarion of the chemical shifts 

of the four pyrrole signals gave values of 6 -13.1, -11.6, -10.4, and -8.5 at WC, 

2-mctbylimidazok iigarA 

a3 m-H P-cH3 pyrrole-H 1-H 2-CH3 4-H 5-H 

-5.5 5.9 (4H) 1.19 -20.2 13.1 5.3 30.5 7.8 

-1.5 6.8 (2H) 2.2 -18.6 

4.5 9.3 (2H) -16.5 

8.6 -12.9 

The temperate Qepadcnce of the proton NMR Lin: shape was intcrprtcd to result from slow rotatioo of the 2- 

~y~e~nga~~-~~~~~~~. Atthelowttmpamtn ~~~~li~p~~ 

would lie over the N(ltN(3) and/or N(2)-N(4) axes, since severe steric repulsions arc expected betwtcn the m&y1 o 

methyls and the irnidazok methyl group Il~us, three forms, with Ch, Ca, and C2 symmetries, can be considcxd as 

possible conformations. The fan that both the pyrrhic and o-mthyl prc&ms gave four signals of equal intensity rules out the 

former two cxmformat&s sod supports the conformati~ with C2 symmetry, in which the dihcdml angk between the two 

imidazok pliincs is expected to be nearly 900, as the sok stable S~E&S. Although the pm&y1 pmtons shouu give three 

signals with nWive intensities of 2: 1: 1 in this conformation, only two signals with equal intensities were observed. This can 

bcascribtdtotheaccidentaicointi~tinc~shiftsoftwoofthethnaemahyl~~. Sincethepeaksduetoany 

minorconformers were not observed at 48oC, the populabon of these conformers must be kss than 5%. The free energies of 

theC2yBndC~conformascpnbtuleulstedu,behigtyn:thaPthataftt#~~C~byiltleastl.OKcPYmolat#0C. 

The prcfercnce for the c2 ConfomWioll canklmibedu,aericeffactrratherthanelactroniceffcds,sinccthcEttricrtpllsion 

between the potphyrin and the 2-methylimida&e ligands can be mi&miz& by a quasi-& rufVlingt3 of the porphyrinaro core 

and this is only possible in the C;! conformation. This result is cons-t with the crystal structum of (2-MeIm)&-iFPFc)C 1, 

in which the dihedral angk between the two axial planes is 88.20.13 

Hindered rotation is not the only process that could explain the conversation f&m one C2 conformation to another. An 

intermol~ular process involving the dissociation of the coordinating imidaxAet4 is also possibk. This process is ruled out. 

however, since the methyl groups of fnx and co&inat& imidazok gave separate signals at 62.4 and 5.6, respectively, even 

at 26aC when: the other signals have collapsed to singkts.ts 

Since the two ligands in 2 are pczpa~dicular to each other and lie over two opposite nit#gens of the porphyntn. they can 

raise the energy levels of both dxr and d, orbit& of the iron to a similar e-t.78 This indicates that the 

single unpaired ekcwn of the low spin iron can be transferred equally to each of the four pyrmk rings. For this rrason, 

the dispersion in chemical shifts of the pynok prolons, 4.6 ppm a? 2K, has bocn attributed to steric perWrbations rather than 
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Tabk2. ActivaimP- foTAxidligidr 

ComplCxeS AH* AS AG+ (at 2Y’C) 

(K&m@ (CU.) (Kcrvmd) 

2 12.90.4 3.7i1.6 11.8 

1 12.6fo.8 5.2rt3.6 11.0 

Toour)Enawledgc,Lhcscutthcfirst~lesinwhichthehindardrotationolnrriallycoordinatingimidazolcshasbetn 

obsc~~cd in solution by proton NMR specm. t7 Complexes exhibit& this propaty w&d be useful to elucidate the 

&rionships betv&n properdes of w and axial ligand arkntations.‘* 

EXPERIMENTAL SBCMON 

Sample Rtpamtion 5,10,15,2@Terran=s itylporphyrin, [~)Hzl, md 5,lO,l5,2@Tct@~~l~o~h~, [crpP)HzI, 
~synthes~byplblishcd~‘oTbtIlaric~~dthac~~wseptptFedbythemahodof 
Kobayasbi a al.18 2-h&hyli1x&zole was purchased from Tokyo Kasci Kogyo, purified by ncrystallization from baud, 
anddrkdu2torrfi~5hatlrdaad &mpemut~l-h&thylim&zokand~Mdazc&werealsoprrchrrodfFom 
TdryoKaseiKogy~ul&ilbdbefqeuse. Tbe~NMRspectmafd+e~MkctedavayhQh(<999b) 
&greeofpuxity. The~chloroir#l(mjporph~complexwuweighedaut~mdplrcedinanNMR 
sample tube. Chloroform4 was then ad&d to make a 0.02 - 0.03 M solution. To this solution 2.5 mol equiv of inGdazole 
duiva&ivewasx&deitkr8ssolidQrascDcl3wum. Incvaycr#,rmdprrptioof25:1forbase:colllplaxrielded 
exclusivelythclowspinbis(&id8zok)coqk%rt~teq=t=. 

TotalLineSlqe~ RetonNMR~fortheline&apea&ysiswcrc~withrJEOLFX90Q~Brulra 
WM-36OspcctKnMeX at various teqX=huGs. ~apctromtcrprmperphye wascalibmtedbytheshiftdiffi&encebctween 
thcporon~ineLt9 Inthccureofoompkx2thelineshopeofrhepmahylsignrlschangcdfroma~ 
doublettoabroadsingbctoverthe~rmgebawaen-30md-ljoC~shavypinFisrre3(A). Tbacsignalswa’e 
analyzed by the modified Binsch program *6a Sincethechemicalshiflsofthcpnrdhylsign& c4X&tcdliluarlywiththe 
laiprocaloftbttempcnturcbebw-350C,iwiaaiccbcmial~~-30md-l7aCwae~bytbc 
uqol&&ofthelinea.rline. AppaEnt rran&se&xatio~times,T~dtb~pm&ylsijj~&athighmdlawmrgnaiE 
field were mod on the basii of the half height width, Wm, at -509X to be 0.04s (Wtn I 8.OHx) and 0.06s (W~,Q = 
5.3 Hz), respeuively. Rew tinEs weze nol UXmcted for Empuuue sincetheydidnotaffectthelineshapcsintbe 
analyzd temperamE range ‘ivhere tht sign& wae very w (Wtn = 30 Hz at -31.39 ‘IhaomicpI spectra WQC obtained 
by using the chemical shifts, apparent relaxation times, and m raa cu~81@ of the modifkd Bins& pqqtm 
Reprtsentativc calculated spectra arc also shown in Figure 3 (B). The mte amsumtateachpaItk&rtemp=ue wasobtained 
by avisualfiuingoftbcobsavedandcalculatedspcctro. Activationperamctas waethencalallatedbypuuinglhelate 
constants into Eyring’s equation. Spectral changes in the pmethyl signals of complex 2 m similarly analyzzd. 
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