
ESR OF CATIONIC ISOALLOXAZINE FREE RADICALS 

J. WESTERUNC: H J. X. MGu and W. RUENIBS 
B~krnal and Blophywal bkwatory of the Unlrenq of Techno@) .67 JulanAaa. Wt. Tk Nrthcfiuad\ 

trm- 4 Spectrum reduction by the mcthad of Newton (I al’ 

The hydroxy&tlon of aromatic compounds by model 5. Founcr analysis.” 

systems conristmg of 1 .!.l~t~mcthyl-5,l~Jhydrcl Only the first and third of these have hen apphcd to 

alloxuw 1 and oxygen or hydrogcnvroxide has been aJloxa.zincr and isoalloxarmer. 

studied txtcnslvcly ‘,’ The catlomc radical 2 formed by Jn our expcricncc compmwn of total widths [method 

ontclcctron oxydation of I it an ta9cntia.l mttrmtdute 3) 1s hi&Jy iwcurate when the spectfa have unresolved 

in tk hydroxylatlon reactions The obtest of this study 1% OUtef lincs as in the case of llloxrtlnts and ~soalloxumca. 

to obtain more mformatlon conccming the electronic Apparently the spcctn of the catlonic lsoa.Jloxume 

structure and reactivity of 2. radicals cannot be Interpreted by these Iwo methods 

H 0 

I 

Two attempts to Interpret the ESR spcctn of catlomc 

lsoaJloxazme radicaJs have been publIshed ” Ehrcnbcrg’ 
showed that the caMic radicaJs of lurmilrvinc and 

lumlflavinc- 1.3-“N, have idcntlcal ESR spxtra This 

means that Tolltin’s mterprttation.’ invdvmg a hi& 
coupliw cmstant for NI. cannot bt correct. 

Mueller rf al.’ usigncd the following coupling con- 

\tant\ to a number of 3-a.lkylatcd catmnic i~lloxazinc 

radical\. including 2. A,, = 8.5. AM, = 1 I .3. AHI = 34. 
A v,o = J 3. Aw,, = 4 7 (gauss) 

We tested these values with a computer program for the 

slmulatlon d ESR spectra similar to the OIK of Stone and 
MA.’ The stmuhtcd spectra obtuned bear no rc- 
xmhlanct to the cxpcrimcnUJ spectra. Simulatron of the 

spectrum of 2 using Gausstan Jinehapes and linewidths of 

I 0 and I ! puss respectively results in spectra ccmsistmg 

of I4 Itncs. whereas the expcrimcntal spcctnrm has 22 

line Slmulatron of the spectrum of the 3-aJkylatcd 
IumlJlavmt catmn ndicll” was equally unsuccessful. We 

therefore regard this mterprctatlon as erroneous 

A numhr of methods for the interpretation of 
unresolved ESR spectra III solution have been pubhshed 

I. Spectrum simulrtion ’ 

2 txast-squares fitting procedures “ 
3. Cornparllng total widths of spcctrd of radicals with 

dlflcrcnt eoropic subsrltutlcm 

H ii 
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aloru. We found that Ihe problem can b solved by usmg a 
combmatlm of methods I. 2 and 4 

The cationic ndiclls of the fotfowtng compounds were 
prcpued m 6Y HCI Solution by half-rcducctlorr with 
sodium dlthlontte. I .3,J~trimcthyWloxulnlum- 
pctc hlontc (2)‘. I .3duncthyl- ICLmcthyM- 
llloxuiniumpcrchloratc (3). I .3.lMrimcthyl-d,- 
aJloxazmiumpcrchJorate (41. I@mclh)l-~uMoxa.zir (9 

and Jumrflavme (61. 

Each radical wat also prepared in 6N DCI. thus Jeadmg 
to the an-s dcuterattd In porltlon 5 (2-5d. 3.5d and 4 

5dJ o( positions I. 3 and 5 (+I .3.!d, and & 1.3.56,) 
The spectra of 3 and 4 and also those of >Sd and CSd 

are idcntrcal as expected m case of a low spin density on 
pmitionr 1 and 3 

The rpcctn of 2.5 and 6 were anaJyscd by rhe method 

of Newton (I al’ In this way coupling constants with an 

~ctmcy of about 0.2 gauss were obtained for each 
radical The coupling constants were refined by means of 
a IcaJt-squarer fitting procedure rImlIar to the one of 
Plato ’ 

The coupling constants of the dcutaatcd radicals 3. 4. 

2.54. 35d. C!d, S-l.3.Sdl and &1.3.lrd, were calcu- 

lated from those of the corresponding nondcutcntcd 
rrdicaJs using the relationshIp. 

An = 0 IM*A,, 
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Tabk 1 

Couplru constants In gausr 
Rdlul N. N,, H, H,. H, HA, D, D,, 

2 715 520 755 461 266 lb0 - - 
2-5d 715 I20 - 161 2.a 1 60 1 16 - 
3u-ldl 715 J,r)?35 - 266 160 - 071 
,!dud+5d7lS S20 - - 266 160 II6 071 
s 7 19 4 85 7 73 492 ? 91 I 67 - - 

Sl.334, 7 39 4 85 - 4 92 2.91 I 67 I I9 - 
6 727 4&7484#) I40 162 - - 

413..rd, 727 rti - 490 34a If2 118 - 

Fmally all spccrn were rlmulatcd usmg the refined 

coupling cmstmts (Table I). 

Good agreement between urn&ted and experimental 

spectra is obrtrved (Fig I). The minor deviations arc 
lugcly due to the fact that sirnutted spectra arc 

symmetrical whereas the experimental spectra arc slightly 
unrymmctncal. 

When agreement between simulated and txpcnmental 

spectra is obscmcd the possibility of a spurious fit still 

remains 
The chance of findmg I spurious fit ir mmlmiscd by 

fitting the ~pectrr of rachcah with dlffcrcnt i\otoplc 

substitution. The COCICCIMSS of the couphng constants of 
those nuclei that were replaced by their ~sotopcs is proved 

uncquiv~ally by the method. 

T?~eforc the couphng constants of Hl and Hlo In 
radical 2 and H, In the radicals 5 and 1 arc established 

beyond doubt by our results 

This study also Illurlrate\ the usefulncrs of the 
spectrum-reduction method.’ whKh does not seem to 
have received much alter&on In the I~tcrattm. 

EXHRIMtlVTAL 

IO Mcth~l~mallorumc and Ium~wnc were ptcpucd by Ir R 
Addmk of the Ia.boruory 

The fintdcnvatlvc ESR ,pcctrr were rccadcd wrth a Varan 
X4wd ~pcctromcta model E4 A standard !b aqqucout smp& 
cell made of quart ~3 used The spcctn wcrc worded on 

rtrrpchti and conveCtaJ Into the d@aJ lam mlnurlly 
Gauu,run Ilncr)upcr were cmpbyd in tbt kur-q-r fittlu 

procedure and II the spcctnun timulrtlons 
7hc frultklr opcntm of the computer pmgrm for the 

w~~htron of s~ct.ra wu ckctcd by duplatq spectrum 
wnuhtlonr of ptcndvte rrbcrlr” and neutral walbxu~nc 
ndlcJ\ ” 

The rolns of the nd~llr were prepared u fdkws 
A soln of 002 mmok of the ~scallo~u~ru In I ml of 6N HCI or 

6N DCI wds dtwr~tcd by bubbhq throqh upm SoM s&lum 
dlt)uorutc (0 01 mmdc) WV*% added rnd the soln wa\ trantfcncd 
ulurobKall) IO tlx umpk cell 

Cahkrtton of the field wcJt of the ESR spectrometer was 
camed out uurq a solutron of Frtmy’r ult In water utwrted rlth 
sodium crrbarrlc 
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