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Abstract: Alcohols mad ethers that & not normally photwdd tojlavins do so in the presence of .WTA to produce 
covalmt attachment of an ofkyl group a~ C(4a). Thus. irradiation of an aerated solution contabdng both EDTA and t- 
butawl remdted in rrrpidfomwtion of an ah-stable. reducedjlavin. Flti~(4a)CH2C(CH,),OH. Sbnikzr nsdts were 

also obtabted with ethanol. I-propmol. 2-propanol. pbzacol, poly(ethylme glycol). aad dimme. but mt with 
nl&twwl or acetone. 

F&in photochemistry has been extensively studied due in part to its pm- involvement in such biological 

phenomena as animal and plant photoreception and DNA repair enzymes. 1 s2 Previous studies have demonstrated that flavins 

ondergo a wide range of photo~~tions. including photoreduction, electron traasfer, N(10) de&y&ion. photohydration and 

photoaddidoo.3 Intexmokcular photmcdaction has been extensively studied in the presence of subabates such as amino acids, IX- 

hytixy-carboxylic acids, thiols, aldehydes sod unsaturated hydmcMons.3 Depending on the substrate and reaction conditions, 

phororeductions may ltad to 1 .Jdihydroflavin or N(S)-. C(4a)- or C(Su)-add~cts.~J 

Unlike classical n-lr* triplet states such as 3benzophenone. tlavin triplets do not abstract hydrogen atoms from alcohols. 

Thus electron transfer aad photuaddition remain as pathways for oxidation of alcohoL9. with coacomitant rtduction of the t&in. 

The extensively studied plwkxr%hztion of tlavins by etbyleoediaminetetmacetic acid (EDTA) pmceeds via a primary electmn 

transfgtotheflavininitshipletstate,6folbwadbyasecondarytransferfromadecarboxylatedFDTAradicaltoaooxidized 

tlavin, with an optimal efficiency equal to the quantum yield of intersystcm crossing.’ 

We now report that r-butanol although onreactive towards tlavin~ alone,8 can aster the course of the normatly rcvcrstile 

EDTA photoreaction to pmduce covalent attachment of the 2-hydroxy-Z-methylpmpyl moiety at C(4a). Certain other alcohols 

and ethers were found to react similarly. Ihe t~~%on might therefore be a general method of introducing substimenta that 

caanot be incorporated by the direct reaction with the flavin due to the low reactivity of the sub&ate. 

Materials and Methods 

Nffilcar magnetic lSsoMKespactrawererecor&dwithaVariaoGanini3OoMHzspcctrometer. sampleswem 

dissolved in D20. Photozactioos were carried out at mom temperature in aqueous solution at pH 4.4 (0.01 M pk@ate buffer). 

The solutions for flavin pbotomactions typitiy contained XI-4 M cmboxymethyllmni (&I) or 5vin lnononucleotide 

(FMN), 0.01 A4 EDTA or oxalate, and 0.1 M akohoL Reduction of the flavin was acccmplished by . llmdsoo of the air-purged 

solution with a 200-watt tungsten light bulb (filtered through glass) at a dktance of approximately 8 cm. RR a 3-mL volume, the 
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phounurction was complete after 3 minutea of &adiath. Steady-state gamma irradiations were e 00 a 13’Cs+ 

had&or (Maiutance Ltd). The dme rate was 1.5 x loo Gy s-l as measured by FScke do&&y. 

IrwdiationofcFIandaanaerobicconditionsinthepresenceofEDTAis~wntoresaltinrapid~~bothe 

1~dihydrofiavin and is 100% reversible upon semtion. When t-butanol(O.1 M) was included_ under m conditions, 

h&i&ion also rosukd in a rapid phowuction of the flavh Subsequent aeration, however, yielded only 7O-MM of tbe 

origiaal oxidizd flavin absorption. Appmrntly an oxygea-stable species had formed. 

WenowreportthatirradiationofanaeratedsolutionofcFIcnFMNintheprapenceofbothEDTAand1-butanol 

producea an alcohol-fhvin adduct (see NMR below). Adduct formation was accumpanied by a complete and pamancnt loss of 

Uleflavin~aandUleagpearanceofanewabsorptionat360nm~~g~l). Incontrasttoadductfonnation,hadiath 

without EDTA reeulted in only an extremely slow loss of the flavin &sorption. ‘I%is meant that the direct reaction of excited 

tlavta and r-butanol was hefficknt. In addition. the adduct wss produced if oxahte was included in place of JZDTA. 

ZWJ 300 400 500 600 

WAVELENGTH pm) 

Figure 1. W-visible absorption spectrum of cF1 Figure 2. Structures of the 1 S-dihydrq?avin and the oaygen- 

befire (dashed line) and Oper (solid line) irradiation stable adductjkned by irradkztion of& in the presence of 

of the aerated solution containing 0.01 M EDTA and EDTA (or oxalote) and t-butanol under aerobic and aerated 

t-butanol. COtlditirW. 

NMRanalysi4ofthe~fosmedfromc~andt-butanolarsdo~showedthatitwestheC(4a)addoctshownin 

Figure 2. Tlke plodact had the following NMR chactaistics: S @pm) 1.02. s, 3H, C(4a)C!H#XI$o($)OHz 6 1.13. s, 3H, 

C@am2C(a3)(w3wti 6 1.4, d (J = u) a), lH, C@am’; 6 2.0, d (J = u) a), 1H. C(4aw; 6 2.19 and 2.12.2 a. 

6H. Cc7)CH3 and C(8ICH3; 6 3.56. s, 3H, N(lO)CH3: 6 4.26, d (J = 16 Hz). 1H. N(3)cHIc: 6 4.34. d (J = 16 Hz). tH, 

N(3)CHIf’: 6 6.83, s, 1H. C(9)H: and 6 7.15,s. lH, C(6)H. The signals at 6 1.02 arid 1.28 are key to the de&mhth of the 

structmr. ss a c(4a)_substttuteU adduct The gemtnal methyl groups are diastereotoptc due to the new clUrsl center at C(4a), as 

are the protons of the CH2 graups (signals at 6 1 A and 2.0. and at 4.26 and 4.34). Thus, N(S)-slkylation can be nded out 
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radical I. Addition of radical IV follow& by hydrogen abstraction thaw paOauces the adduct. In fact, radical addition to oxidized 

and one-electron-reduced flavins has been documented previo~sly~~*~l for p-hydmxy &icais (e.g. =C!H2C!H(O~3). In 

contrast, a-hydroxy radicals (e.g. (C!H3@5OH) usually carry out a one-electron reduction instead of addition. The f&t that 

methanol does not undergo the addition reactioo is support for this mechanism. The ethers dioxanc and pdycthylene glycol can 

he envisioned to undergo hydrogen abstraction by an EDTA radical to produce an a-alkoxy radical that would add to the flavin. 

Further support comes from the reads of gamma radiolysis. In solutioos m with nitrous oxide, the. mixture of 

the primary products of nrliolysis. aamely H*. OH* and the hydmted electron, is conver@d to only OH*. Radiolysis of r-butaool 

in the presence of cFI under conditions where the former scavenges all of the OH* radicals results in the formation of a tlavin 

compound that is not rcoxidixcd by oxygen and has aa absorption spectrum similar, but not identical to, the mt with 

HDTA plus r-butanol. NMR vopy, however, revealed the presence of a number of products. In this case it is known that 

OH* attack on r-hutanol produces primarily (>95%) the fJ-hydmxy radical (CH3)2C(OH)C!EI2*. 

Gamma radiolysis of cm plus EDTA under conditions whm the HDTA scavenges all of the *OH radicals does not result 

in the formation of any flavin products. as judged by the minimal change in the amtiou spectrum. Therefore. although known 

to produce a variety of HDTA radicals, the oxidation of HDTA does not lead to any tlavin addition products. 

In contrast, gamma irradiation of &I, EDTA and r-butanol under conditions where EDTA scavenges all of the OH* 

radials results in the formation of au air-stable flavin compound ahnost identical spectmUy to that ohserved upon radiolysis of 

cFl plus r-butanol. The NMR specmun reveals the presence of a number of products. This demonstrates that OH. reaction with 

EDTA plus r-butanol can give products apparently similar to that for direct attack of (CH3)2C(OH)CH~ on cFl. The pmfusion 

of products in the case of the radiolysis experiment is probably due to the fact that radicals derived fmm ROTA and r-butanol 

continue LO be formed even aRex the flavin is completely reduced, possibly leading to seMndary reactions. In conwast, in the 

photoreaction all the radicals are generated initially by oxidized tlavin, and mdical formation ceases upon flavin reduction. 
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