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Abstract—Blue coloured 10, 10°-ring opened intermediates 5°, 5 arising in the autoxidation of a dihydroflavin model
(Scheme 1) are also formed on proper treatment of some N'-alkylflavinium salts 7 (Scheme 2). The conditions
giving optimal 10,10"ring opemng have been determined (Figs. 1-2). The flavinium salts (RFI3,, A7) show
spontancous electron transfer in the dark, producing a flavosemiquinone (RF1-) and a counter-radical, probably a
radical cation (RFI-AY) derived from a ﬂavm adduct (pathway b, Scheme 3). The formation of a neutral, unstable
1-RFI- appeared from the spontaneous N ®.dealkylation (pathway d;) competing with the Oy-activation (pathway
¢1). A generation of CO, may occur which indicates the formation of an unstable acyloxy radical (A-) by a
decomposition of RFI-A* (pathway ds). CCCOO™ can even be catalytically decomposed by RFI;,. This proves
that RFT;, is recycled from the RFI - -state also (pathway d,) for which O; is not a prerequisite. On the other hand,
CL,CCOO™ is “repaired” under conditions giving a 10,10°-ring opening (Fig. 3). The preservation of the acid anion
and the results of the O,-balance are consistent with the conclusion that the 10,10°ring opening is coupled with or
followed by an electron transfer from a peroxy radical to RFI-A? giving a generation of O, (Scheme 4). A
10,10%ring opened hydroperoxide 5* (XH=OOH; Scheme 1) is proposed to be the result of a similar one-electron
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transfer reaction (A=OOH; Scheme 4).

The original concept’ on the key-role of hydro-
peroxyflavin transients in dihydrofiavin mediated activa-
tion and transfer of O has been substantiated by the
results of studies on N'- and N°-alkylated flavin deriva-
tives. The presence of an alkyl group at N* or N® has a
blocking effect revealing the C'*- and C*-bridge posi-
tions as the reaction sites. The oxidative conversion of
the N'-blocked dihydroflavin model 1 (R=R'=R"=Me) into
the C*-spirohydantoin 4 can occur by different pathways
(Scheme 1). In the actual O-transfer step (2—3) a ring
transformation has never been found to be essential. The
spirohydantoin 4 is the result of a sequential reaction
(3—4) proving the occurrence of the evasive precursors
2 and 3.>*

H

In contrast, ring opening of the flavin hydroperoxide
has been postulated” to be essential in the O-transfer. A
carbonyloxide like 5° (X=0*-07) or an isomer arising
from a 4°-hydroperoxyflavin is supposed to transfer one
atom of O to a substrate. For this non-radical (“oxene”)
mechanism, however, no evidence has ever been
presented.

In the early studies™ on the formation of the spiro-
hydantion 4 the occurrence of a blue precursor (Amex ~
600 nm) was already observed when the O, activation
was carried out in low polar media. A controversy arose
on the occurrence of 10°-adducts like 2 and on their
spectral characteristics.>” After establishing that 10°-
adducts do occur and that they are definitely not blue,’
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Scheme 1. 10,10*-Ring opened intermediates (5* or 5%), causing a blue-colouration in the autoxidative process.
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Scheme 2. Blue-colouration (formation of 5° or 5°) indicating the occurrence of electron transfer and O-activation in
1,3,10-trimethylalloxazinium salt solutions.

we proposed™® that 10,10°ring opened intermediates 5°
or 5° are responsible for the blue colouration. The open-
ing of the pyrazine ring is indicated by competitive
rearrangements leading to benzimidazoles.'® In addition,
the spectrum'’ of the blue precursor (5* or 5°, X=0) of
the spirohydantoin is similar to the spectra of products
of failed ring closures in flavin syntheses.'>™"

In contrast with the expectation which may be based
on the oxene-theory, the blue colouration (10,10*ring
opening) was not coupled with an increase but with a
drastic disappearance of the ability to transfer O to an
aromatic substrate. The mechanistic aspects of this have
been subjected to further studies to which an impulse
was given by the finding that a blue colouration also
takes place on dissolving certain flavinium salts (7,
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Scheme 2) in some organic solvents. Since the starting
compounds 7 are on the level of a completely oxidized
flavin it seemed obvious® to describe the formation of 5*
or 5° (X = O) as the result of a non-oxidative pathway a,
revealed by a retarding effect of a low polar solvent on
the rearrangement or 3 to 4 (pathway a). It will be shown
in the present paper that this tentative formulation of
pathway a’ is incorrect. This is a consequence of the
surprising finding that, in spite of the oxidation state of
the flavinium salts 7, a blue colouration (pathway c,) is a
sequential step following an activation of O. (step cy).
This implies that the blue colouration has served as an
indicator for the proceeding of some spontaneous elec-
tron transfer processes starting with the formation of
reduced flavin species (step b).
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Fig. 1. Spectra recorded at maximal blue colouration of 1.86 % 107°M solns of 7 (A"=CF,C0O07) at 25% in: (a;) H,O-satd

CHCly/air; (a;) CaCl/K2COs-dried CHClsfair; (as) H,O-satd CHCI3/Ny; (as) CaCl/K2COs-dried CHCL3/N2; (by)

H,0-satd benzene/air; (bs) sodium-dried benzene/air; (bs) H,0-satd benzene/Ny; (bs) sodium-dried benzene/N,.
(Procedure: MeCN-stock solns of the salt were diluted with CHCl; or benzene in the ratio of 1:250).
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RESULTS AND DISCUSSION

The 10,10*ring opening can be clearly demonstrated
using 1,3,10-trimethylalloxazinium salts 7 derived from
organic acids. Starting from the ethylenedioxy-bridged
adduct 6 the salts can be conveniently prepared in situ or
isolated like the trifluoroacetate and the trichloroacetate.
These were obtained from ethereal solutions as crystals
containing one molecule of acid of crystallization. The
stability of these salts in crystalline state is in remarkable
contrast with the spontaneous behavior in various solu-
tions. In the competition with the conversion of
7->3—4, the blue colouration (pathway c,) has appeared
to be dependent on several factors as: (a) the nature of
the anion; (b) the nature of the solvent; (c) the presence
of small amounts of water and alcohols in the solvent;
(d) the presence of molecular oxygen; (e) the concen-
tration of the alloxazinium salts.

(a, b) The nature of the anion and the solvent. Solu-
tions of the trifluoroacetate in acetonitrile are reasonably
stable, also when the solvent contains slight amounts of
water (<0.05%). Stock solutions of both the perchlorate
and the trifluoroacetate in acetonitrile (4~ 5x 107> M)
were used for further analytical work. The absorption
spectra of these salts in acetonitrile were identical.

On dissolving the salts in water no differences were
observed in the conversion to the spirohydantoin 4 as
judged by the appearance of the 300 nm peak, the disap-
pearance of the 370 nm peak of the cation and the fact
that no intermediates including the 10°-pseudobase 3
could be detected (cf Fig. 1 in ref. 11). However charac-
teristic differences were observed between the perch-
lorate and the trifluoroacetate on diluting the respective
stock solutions with solvents like benzene, toluene,
xylenes, chloroform, ethyl acetate, dioxane, etc. The
dilutions of the perchlorate only showed the presence of
the cation or its conversion into the spirohydantoin 4

(Schemes 2 and 3; pathway a, R'=H), while the dilutions
of the trifluoroacetate could rapidly change to give strik-
ing blue colourations (for example, curves a, and b, Fig.
1). Apparently, there are several pathways in the con-
version of flavinium salts (Scheme 3) depending on the
available nucleophiles and the nature of the solvent. The
solvent determines the conversion of the ionic bond into
a covalent one at a bridge C atom, for example with
R'O™ (R'=H, alkyl, etc.). The acid anion effect is sup-
posed to be primarily due to a covalent bond formation
with A to give a (1,10° or 4°5-)dihydroflavin ester
(RFI-A) acting as a key-transient in other pathways.

(c) The presence of small amounts of water and alcohols
in the solvent. The effects of relatively small amounts
of water and alcohols on the rate and the degree of the blue
colouration is illustrated in Fig. 2. Starting from a stock
solution in reagent grade acetonitrile (H,O-content
<0.05%), a 250-fold dilution with water-saturated
chloroform gave rise to a blue colouration as given by
curve 1, while the complete spectrum is represented by
curve a, (Fig. 1). Curves 2-7 (Fig. 2) demonstrate the
effects of the stepwise decrease of the water content of
the chloroform on the blue colouration. As compared
with curve 1 (Fig. 2) and curve a, (Fig. 1) a spectac-
ular decrease of 77% is shown by curves 7 and a,, resp-
ectively, while the time to reach the maximal colouration
(tmax) increased from 8 to 20 min. The final dilutions
contained 0.4% of acetonitrile by which water might
have been introduced up to a content of 2ppm. The
question arose whether water was still the cause for the
blue colouration remaining (curve 7). Likewise, the in-
crease of the relative absorbance of curve 8 as compared
with curve 7 might have been caused by less than
1.5 ppm of water, concomitantly introduced on raising
the final content of the acetonitrile from 0.4 to 0.7%
However, the use of acetonitrile freshly and successively
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Fig. 2. Relative Eg4 vs time of 1.86 X 107°M solns of 7 (A"=CF,COO)/air at 25° in: (1) H20-satd CHCl5; (7)

CaCly/K,COs-dried CHCly; (2-6) in mixtures of H,0-satd CHCl; and CaCly/K>COs-dried CHCLs in the ratios of: 5: 1(2);

2:1(3); 1:1(4), 1:2(5); 1:5 (6); (8) in CaCl,/K,COs-dried CHCl3/MeCN (0.7% instead of 0.4%); (9-12) in H>O-satd

CHCIS/EtOH (0.1% (9), 0.2% (10); 0.3% (11); 1.0% (12)). (The final dilutions 1-7 and 9-12 contained 0.4% of reagent

grade MeCN (H,0 <0.05%). Starting from a stock soln of the salt in freshly distilled MeCN and diluting with dried
CHCI; gave curves 13 and 14, which have to be compared with curves 7 and 8, respectively).
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distilled over CaH, and P,Os gave only slight differences
as represented by curves 13 and 14. These resuits suggest
that besides a water-controlled 10,10°-ring opening, a
similar reaction could take place without the aid of
water, to an extent of 23% in dried chloroform. In
benzene dried over sodium {curve b,, Fig. 1) a reiative
blue colouration of 63% was obtained as compared with
the experiment in water-saturated benzene (curve b,).

The presence of 0.05-0.1% of ethanol or methanol in
the dried or water-saturated solvents may slightly in-
crease the blue colouration as is illustrated by curve 9
(0.1% of EtOH; t... = 11.5 min). An increase of the t..x
was found on increasing the content of ethanol to 0.2,
0.3 and 1.0% (curves 10-12). This is due to the for-
mation of the 10°-ethoxy adduct (RFI-OR': R'=Et) as
appeared from the increased absorbance in the 410 nm
region and from the fluorescence emission at 529 nm."

It is concluded that in comparison with water, alcohols
may have a similar but smaller affect on the 10,10*-ring
opening, but that their main role is in the formation of
alkoxy adducts (RFI-OR'; Scheme 3), acting as buffer
intermediates for the flavinium salts. The adduct 6
(Scheme 2) can also behave as such a storage compound
when an alloxazinium salt is prepared in situ as exem-
plified in Fig, 3.

(d) The presence of molecular oxygen. Under N, the
spectra b; and b, (Fig. 1) were obtained for dilutions
made with water-saturated and Na-dried benzene. The
relative absorbances &t 596 nm were 11% and 13%, res-
pectively, showing that water was not an important fac-
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accumulation of a neutral flavosemiquinone (RFl+) can
only be expected to take place in the more stabilized
N’-alkylflavin model series. The evidence indeed found
for this is presented in a separate paper.'”'® On the other
hand, the product of a spontaneous N'°-dealkylation has
served as an indication for the occurrence of a neutral
semiquinone in the N'-alkylflavin model series known
from other studies to be unstable. In the experiments of
Fig. 1 the formation of 1,3-dimethylalioxazine was
revealed by a fluorescence with an emission maximum at
445 and excitation maxima at 324 and 382nm in
chloroform and at 321 and 380nm in benzene. The
1,3-dimethylalloxazine was also determined by the ab-
sorbance spectra for the completely bleached reaction
mixtures obtained after standing for some days at room
temperature in the dark. After improving the techniques
to remove traces of O,, anaerobic conditions showed a
considerable increase of the N'°-dealkylation (cf Table
1) as appears from the comparison of the experiments:
as VS @y} d4 VS @a; bs vs by; bs vs by Some increase of
the N'°-dealkylation took place on inhibiting the 10,10
ring opening (step c,) by the exclusion of water (cf
Table, exp, a, vs ai; by vs by).

(e) The concentration of the alloxazinium salts. In

competition with step ¢, (Scheme 3), the radical con-

Table 1. Yields of the spontaneous N".dealkylation of 7 (A™ =
CF;CO0") determined in the reaction mixtures of Fig. 1 after
complete bleaching had taken place at room temperature in the

tor. Dilutions made anaerobically with water-saturated dark"®
and dried chloroform gave results even more dramatic — .
than those mentioned in the preliminary paper:'® curves | Mumber of Conditions Yield of 1,3-
a3 and a4 show no blue colouration at all. The require- Exp.. dimethylalloxazine
ment for molecular O, to obtain a 10,10°-ring opening =
was quite unexpected in view of the oxidation level of 2, CHC14/H,0/0, 4-5%
the starting compound 7. This new finding proves that in ay CHC1,/8,0/N, 55%
some way the alloxazinium salt has first reacted to give a CHCL./ - /O 15%
. . =2 3 2
reduced flavin species (pathway b, Scheme 2), sub- . CHCL./ - /N sas
sequently converted to peroxyflavins (step c,), liable to =4 3 2
10,10"-ring opening (step c2).
. 2-3%
The occurrence of pathway b (Scheme 2) further ap- 2y C6te/H20/0;
peared from the identity of the products arising on by CeHg/B0/Ny S1s
blocking the activation of O, (step c,). Anaerobic con- by CeHe/ = /0, 6%
ditions should lead either to the accumulation of radicals b, CeHe/ - /N, 51%
or to their products of degradation (pathway d). An
U (]
RF(hy , A —%\ rRFt - or' —B=M)y spironvpanTOINS - - . - . (a)
,/ (d1) \\
/) g 10_ o 5
® : > RFls ——3> N'“—~(or N>~)DEALKYLATION ..... (d3)
i
! 0
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RFl — A _RFtox % (FLAVIN) PEROXY 10,10% - RING . .(c3)
(b) RADICALS OPENING
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Scheme 3. Some éompetitive pathways in the conversion of alkylflavinium salts."®
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Fig. 3 Esos vs time in dependence on the relative amount of acid, in the presence of air, at 25°. H,0O-satd benzene solns
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adduct 6 + TCA (1:1); (4) the adduct 6+ TCA 2:1); (5) the adduct 6 + TCA(4: 1). (The final dilutions contained 0.4% of
MeCN).

suming pathway d, occurs more readily in chloroform
than in benzene. This is reflected by the maximal con-
centration of the salt giving an optimal blue colouration.
For the trifluoroacetate, it proved to be in the order of
1.5~2x10"*M in chloroform, while twice this concen-
tration is admissible in benzene.

The primary electron transfer occurring in flavinium
salt solutions leads to a flavosemiquinone and a counter-
radical. We propose that the latter is a radical cation
(RFI-AY) derived from a dihydroflavin ester by the loss
of one electron to a flavinium cation (pathway b, Scheme
3). Under certain conditions a generation of CO, may
take place indicating the formation of an unstable acy-

loxy radical (A ) by a decomposition of RFI-A* (path-
way ds). This is well illustrated by the behaviour of the
more reactive trichloroacetate 7 (A™=C1;CCOO7). On
its dissolving in acetonitrile at room temperature, a rapid
evolution of CO, occurred either in the absence or
presence of O,. Even a decomposition of an excess of
trichloroacetic acid can be accomplished revealing a
catalytic role of RF1Z,. This requires a recycling of RFlgx
from the RFI - -state also. Since in this step d; oxygen is
not a prerequisite, the radicalR*(=Cl;C ') is considered to
be the electron-acceptor. Some of the products remain to
be characterized.

A decomposition of the trichloroacetate anion in

TRFIG, + RFU) R" H 9
* /rFIZ,
lT 0, 02/ ox
—————)
RFl* (Y RFIO0*
RFIS, . A” s
<—RFl-AT
RFl - A (b;”‘ = RFG, +0, Ca)
R"
HA
RFI-AY D/\ /E I /K

5° or Sb
(X=0)

02
OVERALL REACTION : RFlgy,A” + H)0 —f— 5%,

5P (x=0) + HA
)

Scheme 4. The 10,10°-ring opening is coupled with or followed by the transfer of an electron from a peroxy radical to the
radical cation RFI-A*.
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acetonitrile (pathway ds) is not accompanied by a blue
colouration. In the precence of O, both a generation of
CO, and a consumption of O, could be established.

In contrast, no generation of CO, and no overall
consumption of O, were found when mixtures had
shown a high degree of blue colouration. That the
degradation of the anion by pathway d; has been dis-
placed at least as a main process is demonstrated by
experiments (Fig. 3) performed in solutions of water-
saturated benzene, using the degree of the blue coloura-
tion as a criterion. Curve 1 shows the blue colouration
starting from the crystalline trifluoroacetate (which con-
tains one molecule of CF;COOH of crystallization). Its
maximal absorbance is taken as a ref.”’ Curves 2-5
represent the results of experiments in which the trich-
loroacetate was prepared in situ by adding an excess, 1
equiv and less than 1 equiv of CCI;COOH to the adduct
6, respectively. The curves illustrate that in the blue
colouration process the scissions of the ether bonds of 6
are the rate-determining steps in dependence on the
concentration of the acid. However, the final degree of
the blue colouration of curves 4 and § is practically not
influenced by the presence of less than one equivalent of
the acid proving that the acid and the anion had been
appreciably preserved.

From the experimental evidence it has become clear
that an optimal blue colouration results from blocking
the processes d;-ds (Scheme 3). No overall consump-
tions of O, and acid anions occur. These facts imply that
in the actual 10,10°-ring opening step ¢, the acid anion is
“repaired” with a formation of O, to nullify the O,-
uptake of step c;. These conclusions provide some in-
sight in the mechanism of the 10,10°-ring opening. They
are most consistent with the assumption that the O,-
activation (step c,; Scheme 4) is followed by an electron
transfer in which a flavinperoxy- or superoxide-radical is
the electron-donor. The preservation of the acid anion
(A7) requires the participation of RFI-A" as the elec-
tron-acceptor. A water-independent blue colouration has
to be distinguished from a water-controlled process. The
stimulating role of water is supposed to be either in: (a)
the formation and participation of RFI-OH" as the elec-
tron-acceptor or in (b) the formation and participation of
HOO - radicals or in (c) a hydrolytic 10,10°-ring opening
of one of the participating organic radicals as exemplified
for RFIOO - in Scheme 4.

CONCLUSIONS

The most important result of the present investigations
is the establishment of the fact that various electron
transfer reactions can take place spontaneously in the
dark in solutions of N'-(N*-)alkylflavinium salts (RFl,,
A"). The primary products are a flavosemiquinone
(RF1-) and a counter-radical, probably a radical
cation (RF1-AY) derived from a dihydroflavin adduct
(RFI-A), being a dihydroflavin ester in this particular
case. RFI-AY can either regain an electron in the
preservation of the acid and flavinium ions or act as a
precursor of an acyloxy radical (A ) which may decar-
boxylate as shown for the trichloroacetate model. A
catalytic role of RFl;, in the decomposition of trich-
loroacetic acid proves that RFl- has also been recycled
to RFIZ,.

While a neutral flavosemiquinone (5-RFl:) can be
accumulated starting from N°-alkylflavinium salts,"” such
a radical accumulation is not to be accomplished in the
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N'-alkylflavin model series, because of the instability of
the neutral 1-RFI - -semiquinones already known from
other studies. Their occurrence can be derived from
subsequent reactions like a typical degradation (N'°-
dealkylation) or the reaction with O,. The latter may be
followed by a 10,10°-ring opening, indicated by the ap-
pearance of absorbance maxima in the 600 nm region.
Such a blue colouration has served as the first means to
diagnose the primary and subsequent electron transfer
reactions taking place spontaneously in flavinium salt
solutions.

Cleavages of the pyrazine ring part of hydro-
peroxyflavins have been proposed* to be essential in
flavin-mediated, enzymatic oxygenations. No evidence
for this hypothesis has ever been presented. During the
activation of O, by N'-alkylflavin models (Scheme 1) a
blue colouration may occur which had not been con-
nected with a 10,10%bond scission until 1978 The
finding that the same blue colouration takes place on
proper treatment of some N'-alkylflavinium salts pro-
vided new possibilities to study the mechanistic aspects
of the 10,10°-ring opening. It is concluded that the 10,10
ring opening is coupled with or followed by the transfer
of an electron from a peroxy radical to RFI-A* (Scheme
4).

We now assume that the reactions shown by the dihy-
droflavin esters (RFI-A; Scheme 4) are not unique, but
that these properties are more or less shared with other
types of adducts like the alkoxy-, hydroxy- and hydro-
peroxy-flavins having the same dihydroflavin structure.
This implies the possible occurrence of an electron
donation giving a radical cation like RFI-OR'*, RFI-OH*
or RFI-OOH" followed by the return of an electron
which may be coupled with a 10,10%-ring opening. Ac-
cordingly, the blue colouration in the autoxidation
process (Scheme 1) might be due to a primary 10,10%-ring
opening of either the hydroperoxyflavin 2 or the pseu-
dobase 3 or of both species, but distinguishing between
these possibilities will be difficult. Any formation of the
ring opened hydroperoxide 5* (XH=OOH; R"=Me) or the
isomeric carbonyloxide 5° (X=0"-0") must have im-
mediately given rise to the loss of half a mole of O, or to
the coupled oxidation of another reduced flavin species.
This is consistent with the early observation™* that start-
ing from this dihydroflavin model 1 (Scheme 1), a blue
colouration is accompanied by a nett uptake of half a
mole of O, and a complete loss of the capacity to
transfer O to another substrate.

It is emphasized that a 10,10°%ring opening of N'-
alkylflavin models occurs in strong dependence on the
experimental conditions. A return of an electron to the
oxidized adduct RFI-A* could have other consequences.
Basically, a similar one-electron return to an oxidized
adduct (RFI-OH*) has been claimed by McCapra®' to be
a chemiluminescent reaction. In this connection it would
be of interest to study whether suitable flavinium salts
could be developed to luminescent model systems.

In some flavoprotein-catalyzed oxidations of acidic
substrates (internal monooxygenases, aminoacid oxi-
dases) a proton is supposed to be abstracted from the
a-position of the substrate to give a carbanion which
reduces the flavin cofactor. A parallel was shown to exist
between the enzymes lactate 2-monooxygenase and D-
aminoacid oxidase in catalyzing the elimination of halide
from B-halogene substrate analogs, being the first results
compatible with the carbanion-concept.”*> The reduc-
tion of flavins by carbanions should be distinguished



Activation and transfer of oxygen—XVI

from the formation of reduced flavin species as des-
cribed in the present paper.

EXPERIMENTAL

Materials and methods. UV spectra were recorded on a Per-
kin-Elmer 505. The cuvets (pathlengths of 10 mm) were ther-
mostated at 25°.

For the aerobic expts of Figs. 1 and 2: a stock soln of 7
(A"=CF;C0OQ") in MeCN (40 ul; 4.67 X 107* M) was injected into
the solvent (10.0 ml; benzene, CHCl;, etc.) to give a final con-
centration of 1.86x107° M. The conc of the stock soln was
checked by measuring the Es;, of a 100-fold dilution in IN HCI
(e = 14,800). All solvents were reagent grade, but treated before
use. Acetonitrile (H,0 <0.04%) was successively distilled over
CaH, and P,0s. Special care was given to remove all traces of
EtOH fll'cs)m the CHCI; by several washings with equal amounts
of Hzo.

The anaerobic expts were carried out in a Thunberg-like ap-
paratus made in this laboratory. It consisted of a 10-mm quartz
cuvet fused via an inlet tube to two 40ml round bottomed
flasks, each provided with a rotaflo valve. The contents of these
compartments could be magnetically stirred. The apparatus was
thrice evacuated by means of an oil pump and filled with N». The N,
(Ox-content <3 ppm) was further purified over a BASF R3-11
catalyst and led through a washing-bottle with conc H2SO4. For the
expts of Fig. 1, the solvent (10-12 ml of CHCl; or benzene) was put
into one of the compartments, stirred continuously while N, was
passed over for 16-20 hr. Half an hr before closing the valves, a
stock soln of 7 (A"=CF5C007) in MeCN (40 p; 4.5-5.0 x 107°M)
was injected into the 2nd compartment. The valves were closed, the
contents of the compartments were mixed and the spectra were
recorded at 25°. For comparison, the absorbances were corrected
for a conc of 1.86 X 107°M. (The volumes of the mixts were derived
from their nett weights. A correction was also made for a small,
non-dissolved part of the starting material. After leaving the mixts
for some days at room temp. in the dark, the solvent was decanted,
the ppt (7) was twice washed with either CHCl3 or C¢Hg (5 ml) and
dissolved in IN HCl. The amount was determined from the
absorbance at 377 nm).

The yields of the N'"-dealkylation (Table 1) were determined
by absorbance of fluorescence measurements of the mixts of
Fig. 1, after complete bleaching had taken place at room temp in
the dark. 1,3-Dimethylalloxazine, UV (CHCl3), Amax (€): 248
(39,600); 324 (7700); 369 (6300; sh); 382 (7400); 398 (5500; sh). UV
(benzene), Amax (€): 321 (6900); 366 (6200; sh); 380 (7700); 398
(5900). Fluorescence-measurements were carried out in an adap-
ted Eppendorf digital photometer 6115. Standard curves were
determined for 1,3-dimethylalloxazine in different solvents using
the Hg-lamp, the 313-366 nm primary filter, and the 430-3000 nm
secondary filter.

M.ps were determined in evacuated capilary tubes in a Biichi
apparatus.

NMR spectra were recorded on a Varian EM 360 L NMR
spectrometer.

Manometric expts (Or-uptake andfor COr-generation) were
carried out at atmospheric pressure and at an average temp of 23°
in an all-glass manometric apparatus allowing continuous cor-
rections for pressure and temp changes. The mixts were mag-
netically stirred. The vyields of CO, were derived from the
changes of the gas-volumes and afterwards, checked by ab-
sorption in 0.1 N NaOH/BaCl, (3%) and titration with 0.1 N HCL

CICCOO™ was decomposed by the cation of 7 (0.5 mmole) in
MeCN (100 ml) giving mixts which were analyzed for:

(a) The remaining amount of the alloxazinium cation by adding
2 0.05 M soln of NEt; in H>O (1 vol %) to a 22-fold dilution of the
mixt in MeCN. The content of the cation was calculated from the
decrease of the Esgq (e = 12,800) which was due to the immediate
formation of the spirohydantion 4.

(b) An unidentified alloxazine-adduct, which could be oxidized
to the alloxazinium cation. To a 22-fold dilution of the mixt
(0.25 ml) in IN HCI a satd soln of NaNO; in H,O (10 pl) was
added. The mixt was kept at room temp for 1.5-2 hr, aerated for
0.5-1 hr to remove the nitrogen oxides and diluted with 1N HCI
to a final volume of 10.0 ml. The increase of the absorbance of
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the alloxazinium cation at Amax =372 nm (e = 14,8000) gave the
content of the alloxazine-adduct.

(c) The t,3-dimethylalloxazine formation (N "-dealkylation) by
transferring 0.5ml to a silicagel column (9cm in length and
0.8cm in dia.; 2.2¢ silicagel 60, product from E. Merck) and
carrying out the elution with MeCN. A Hg (366 nm)-lamp was
used to check the elution. The blue fluorescent fraction was
diluted with MeCN to a volume of 25ml and subjected to
absorbance and fluorescence measurements.

(d) The overall amount of anions (free acids and the anions of
quarternized alloxazinium salts) by diluting 12.5ml with H,O
(50 ml) and titrating with 0.IN NaOH to pH =7.0. (Note: the
amount found may appear to be higher than the value calculated
as the difference between the starting and the decomposed
amounts of CLCCOO™, the latter being judged by the CO»
generation. Such a result is consistent with the assumption that
the ClsC - radical could act as an electron-acceptor in a reaction
following pathway ds (Scheme3): ClsC - +® - (CCly) + CI").

Simplified preparation of 1,3,10-trimethylalloxazinium perch-
lorate (7; A™=ClO;")

The starting compound’ 7(A™=CIO,) was used for the prepn
of the adduct 6. In order to obtain larger amounts of 6, the need
arose to prepare 7 (A"=ClO4") by a more convenient method,
evading the tedious procedure to purify S-aceto-1,3,10-trimethyl-
5,lO-dihydroalloxazine.3

A mixt of 5-aceto-1,3-dimethyl-5,10-dihydroalloxazine® (25 g)
and anhyd DMF (200 ml) was stirred and heated in a water-bath
(80-90°) until a clear soln was obtained. Anhyd K>CO; (40 g) was
added, the water-bath was removed and the mixt was allowed to
cool off gradually to room temp with continuous stirring. Me,SO4
(40 ml) was added dropwise (55-65 min) and the mixt was kept
stirred for another 2-3 hr, After standing overnight the colourless
ppt was filtered off, washed with CHCl; (100-500 ml) and dis-
carded. Glacial AcOH was added to the yellow DMF/CHCl;-
filtrate until a sample no longer showed an alkaline reaction. The
soln was evaporated to dryness in vacuo. H,O (100 ml) and
CHCl; (150 ml) were added to the residue and well mixed. The
layers were separated; the H,O-layer was extracted a few times
more with fresh CHCl;. The yellow CHCls-extracts were com-
bined and evaporated to dryness in vacuo. The residue was
dissolved in 96% EtOH (500 ml) and 70% HCIO, (50 ml). A soln
of NaNO, (10 g) in H,0 (25 ml) was added drop by drop (30 min)
and the mixt was stirred for another hr. The yellow perchlorate
was filtered off, washed successively with 96% EtOH and diethyl
ether, and dried in a vacuum desiccator over P,Os, yield: 28-30 g
(89-97%) m.p. 250-251°. No further purification was required for
preparative purposes.

Preparation of 4°,10°ethylenedioxy-1,3,10-trimethyl-4*,5,10,10°-
tetrahydroalloxazine (6)

Compound 7 (A"=CIO4") was converted into 6 in the way as
described earlier.

Preparation of 1,3,10-trimethylalloxazinium trichloroacetate (7;
A"=Cl;,CCOO0™ + 1 molecule of CbCCOOH of crystallization)
Adduct 6 (1.00 g) was dissolved by warming in MeCN (5 ml).
The clear soln was stirred and diluted with diethyl ether (150 ml).
A soln of CLbCCOOH (7.7 g) in diethyl ether (100 ml) was added,
after which stirring was continued for 1hr. The mixt was kept
overnight at room temp in the dark. The yellow, crystalline
product was filtered off and washed with diethyl ether (50 ml). It
contained one molecule of CI;CCOOH of crystallization, yield:
1.78 g (97%) m.p. 116° (dec). (C13H,3N40,.C1,CCOO.C1:,CCOOH
(583.04) Caled.: C, 35.02; H, 2.42; N, 9.61 Found: C, 35.1; H, 2.4;
N, 9.6). UV (IN HCI), Amax (€): 262 nm (27,500); 372 nm (14,800).

Preparation of 1,3,10-trimethylalloxazinium trifluoroacetate (7,
A"=F;CCOO™ + 1 molecule of FsCCOOH of crystallization)

Using a soln of TFA (3.6ml) in diethy! ether (100ml) in a
procedure as described above the vyellow, crystalline
trifluoroacetate was obtained, yield: 1.45g (95%; MW=484.31)
m.p. 154° (dec). PMR (CDsCN): 8 =3.47 (3, s, N-Me); 3.77 (3, s,
N-Me); 4.38 (3, s, N-Me); 8.22 (4, m, Ar-H).
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Decomposition of trichloroacetic acid mediated by the 1,3,10-
trimethylalloxazinium cation

(a) In a manometric apparatus, 7 (A"=C5CCOO~; 1 molecule
of ClCCOOH of crystallization; 291.05 mg = 0.5 mmole) was
dissolved with stirring in MeCN (100 ml) under pure N,. The
evolution of CO, was complete in less than half an hr, yields: (a)
CO,: 0.74 mmole (148% based on the starting amount of al-
loxazinium cation); (b) the remaining amount of 1,3,10-tri-
methylalloxazinium cation: 24%; (c) the unidentified alloxazine-
adduct: 20%; (d) 1,3-dimethylalloxazine: 19%; (e) the remaining
amount of anions: 0.72mmole (calcd: 0.26 mmole, being the
difference of the starting amount and the converted part as
derived from the CO,-generation).

(b) Decomposition of an additional amount of CL,CCOOH
under N,. In a manometric apparatus, 7 (A"CLCCOO™; 1 mole
of CLCCOOH of crystallization; 291.05 mg = 0.5 mmole) was
dissolved with stirring in a soln of Cl,CCOOH (200 mg) in MeCN
(100 ml) under Na. The evolution of CO; took about 6 hr. Yields
from several expts: (a) CO,, varying from 1.20 to 1.80 mmole
(240-360%); (b) the remaining amount of 1,3,10-trimethylalloxaz-
inium cation: 8-12%; (c) the unidentified alloxazine-adduct: 26-
31%; (d) 1,3-dimethylalloxazine: 0%; (e) the remaining amounts
of anions were consistent with the calcd values.

(c) Decomposition of an additional amount of CCCOOH in
the presence of air. In comparison with the similar expts carried
out under N, (section B), the presence of air affected the yields
of: (a) CO, by an 1.4-fold increase; (b) the remaining amount of
1,3,10-trimethylalloxazinium cation by a 3-fold increase; (c) the
unidentified alloxazine-adduct by a 2-fold decrease.
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