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It has been believed that riboflavin is comparatively stable to oxidizing
agents such as potassium permanganate (KMnOQ,), hydrogen peroxide, bromine,
nitric acid, etc. But its ribityl side-chain is oxidized with ease by lead tetra
acetate (PbAcs) and periodic acid, (HIO;), and this has been employed in the
determination of the structure of this side-chain?, though sufficient investigations
have not yet been made on the oxidation products of the isoalloxazine nucleus.
KMnO; destroys the colored or other fluorescent substances such into colorless
or non-fluorescent substances, and in colorimetric or fluorimetric determinations,
is frequently applied in removing the other colored or other fluorescent sub-
stances. Regarding this destruction of riboflavin by KMnO,, Sakurai et al.?
considered the decrease in riboflavin to be due not directly to the KMnO, but
to adsorption of riboflavin by MnO; produced from the potassium permanganate,
while recently Fujita® also noted this destruction of riboflavin though he reported
no details of it.

Our investigations so far have been directed to studies on the various de-
composition products of riboflavin with the ultimate aim of clarifying their bio-
chemical significances, but we decided to investigate too the oxidative decom-
position of riboflavin with a similar purpose, as well as to obtain information
regarding the method of assay of this vitamin. Further, it was believed that
the decomposition mechanism of riboflavin by HIO, and PbAc; has something
in common with the photochemical reaction and reactive products, and that a
study of such will be a subject of interest.

EXPERIMENTS

1) Decomposition of riboflavin by KMO;
i. Materials
B:: a) U.S.P. reference standard riboflavin
b) Roche riboflavin, regular type, purity 99.0%
¢) Roche riboflavin, regular type, recrystallized 2 times with hot
water, purity 99.5%
FMN: a) Roche product, riboflavin content 72.0%
b) Roche product, riboflavin content 71.5%
FAD: Purity 85%
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KMnO,: ].IS. special grade reagent, used as a 4% solution
HAc: J.I.S. special grade reagent
H.0.: 33%, J.IS. special grade reagent

#. Apparatus
Beckmann’s spectrophotometer Model DU
Klett fluorimeter

11i. Method

1) Riboflavin solution—500 r/ccm solution prepared by dissolving with heat
riboflavin in a mineral free double distilled water prepared with a pyrex
apparatus.

2) Oxidation—Into an amber glass test tube with a glass stopper a mixture
of 2 ccm each of 4% KMnO; solution and HAc was placed and after dipping in
a thermostat for about 30 minutes, 0.8 ccm of a riboflavin solution kept in the
same thermostat, was rapidly added and mixed. After a definite interval of
time 0.3 ccm of 33% H,O, was rapidly added and mixed. Water was then added
to make the total volume 20 ccm (Method A). b) An amber glass test tube
with a glass stopper containing 11 ccm of riboflavin solution (10 7/ccm) and 1
ccm of HAc, was dipped into a thermostat, and after about 30 minutes, 0.5 ccm
of a 4% KMnO; solution kept at the same temperature was rapidly added and
mixed. After a definite interval of time 0.5 ccm of 3% H.0. was added and
mixed (Method B).

3) Determination of flavin

In order to avoid adsorption by MnO; and non-uniformity of photolysis of
riboflavin by the lumiflavin (Lf) fluorescent method, the colorimeteric method
employing three points correction was employed. For FAD, the Lf fluorescent
method was employed.

1v. Results

1) As the results of paper chromatography indicate, the KMnO, decomposed
riboflavin solution contains complex products, and among them are found sub-
stances weakly fluorescent and yellow in color. During the process of KMnO;
decomposition (Fig. 1), and as the absorption spectra of the completely decom-
posed B: solution (Fig. 2) indicate, there is an absorption at around 445 mg, so
that for determination of the riboflavin retention rate during oxidation, direct
colorimetry will not indicate clearly the exact value of the remaining riboflavin.
Again, when the Lf fluorescent method is employed the alkaline reaction in-
duces a large amount of MnO. to precipitate, obstructing thereby the passage
of light rays markedly, and renders riboflavin adsorption by MnO, difficult.
Hence the writer attempted colorimetric quantitative estimations based on the
following 3 points correction method. The principle of this is that employed
by Morton and Stubbs* in the estimation of vitamin A, but which has not been
applied so far for riboflavin. The principle is as follows. In Fig. 3, if the
absorption curve of a pure substance, curve I, produces an observed curve II
due to the presence of impurities, curve III, and when between wave lengths
A, A, 23, curve II is seen to be approximately a straight line, it is possible to
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FIG. 1. Absorption spectra of KMnOy FIG. 2. Absorption spectrum of
treated B: solution. KMnO; treated B: solution.

compute from the observed absorbancy, E obs, the real absorbancy E corr, ac-
cording to the following equation,

Elobs. — ML —x% _
EZ;obs. — x =k (1)

E2i0bs. — Ml — x = EX,

kEX; obs. — EA; obs. +

corr. = kEA obs. — k As— s

(A5 — A1) (E2:0bs. — Eis obs.)}

Based on the absorption spectra (Table
1) of pure riboflavin (U.S.P. Reference
Standard) and employing equations (1) and
(2), equation (3) for E 446 was obtained
as follows:

h=446 mp, =418 muy, 23=474 mu
Ell/E32=EZ1/Ela=1.387

Correction formula being:

Eyus corr = 3.58 Eyq Obs.
—1.79 (Ensobs. + Egso0bs.)  (3)

(2) Decomposition of riboflavin by
KMnO4
An aqueous solution of riboflavin (500
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TABLE 1. Absorption Spectra of B: Solution
% | g | Ratio | u B Ratio EREA Ratio | # l £, | Ratio
(mu) A | Ex;/Eus | (mu) M| Ey,/Eus | (mp) M | Eyi/Eus | (mu) M | Ev;/Eus
410 | 0.406| 0.6198 426 J 0.541 | 0.8259 446 J 0.652| 1.0000 || 466 0.552! 0.8427
411 | 0.417| 0.6366 428 ’ 0.559 | 0.8534 447 | 0.651| 0.9984 | 468 0.534" 0.8153
412 | 0.421] 0.6427 430 | 0.575| 0.8779 448 | 0.647| 0.9878 | 470 | 0.515| 0.7863
414 | 0.438| 0.6687 || 432 | 0.595| 0.9084 450 | 0.644| 0.9832 | 471 0506 0.7761
416 | 0.456 | 0.6994 434 | 0.608| 0.9282 452 | 0.634| 0.9710 | 472 | 0.498| 0.7638
417 | 0.463| 0.7101 436 | 0.620 | 0.9466 454 | 0.628| 0.9558 | 473 | 0.485| 0.7438
418 | 0471 0.7224 438 | 0.632| 0.9649 ’ 456 . 0.618| 0.9435 | 474 | 0.469| 0.7193
419 | 0.480| 0.7362 || 440 | 0.640| 0.9771 | 458 | 0.610| 0.9313 | 475 | 0.458 0.7024
420 | 0.493| 0.7561 || 442 0.646’ 0.9862 460 | 0.597 | 0.9114 | 476 | 0.443| 0.6763
422 | 0.506| 0.7725 || 444 | 0.651| 0.9984 462 | 0.587 | 0.8962 478 | 0.414) 0.6321
424 | 0.520| 0.7939 { 445 0.651[ 0.9984 464 ) 0.570| 0.8702 r‘ 480 [ 0.380i 0.5801
r/ccm) was oxidized by KMnO; ac-
cording to method A, and by the ,
above mentioned 3 points correction [l “ 0
method, the retention per cent of |
oy . . . 18
riboflavin was obtained, and is shown 5
in Table 2 and Fig. 4. T|,{,-
The velocity of oxidation of ribo- gt
flavin by KMnO, according to method | 4
B is shown in Fig. 5. 12k
TABLE 2. Decomposition of B2 \or o Ar
by Method A 0 5' IIO |'5
Temper-|Time(#) Retension -1 TimeLt
ature . % of OBZ (Ct)| k (hr™1) F1G. 4. Oxidative decomposition
(min.) (%) of B: on method A: relationship of
5 98.4 2.80x 1073 log C: vrs. &
10.5 97.9 2.02
12 94.9 435
0°C | 15 95.2  |3.28 100
20 94.0 3.09
25 95.8 1.71
30 92.1 2.74
Average’ ' 2.86 x 103
2.83 82.1 6.96x10"%2
433 738 |7.00 =
8.15 58.6 6.55 8|50+
25°C 10 53.3 6.28 3
13 420 |6.66 = I
15.15 290 |8.15 U.S.P.(XIV) Method
30.0 i I. KMu0s+HAC (new)
Average{ 6.96 x 102 1. KMnQa+HAC (1ht25%)
I 10 611  |0.493
217 45.6 0.561 L 2 L L
40°C | o 206  |0.395 0 5 0. 15 20min
5.0 96 |0.471 _Time (25%T),
Averagel t ; 0.480 F1G. 5. Oxidative decomposition of

B: by methode B.
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(3) Relation of temperature to action of KMnO,

Riboflavin decomposition of method A can be said to be a first order re-
action.

As may be seen from Fig. 4 log C; and reaction time are in a linear relation-
ship, and % (first order) can be said to be a constant from the following formula:

’ _ 2.303 Eo

k= t log C:
Where %k is a rate constant, C, and C; initial concentration and concen-
tration after ¢+ hours of reaction of riboflavin respectively, and ¢ the reaction

time.

Arrhenius’ equation, is as follower 0
(Fig. 6): i
log k=15.14—4~7,1,§é,
and activating energy 21.654 cals. -0y

From the above it will be clear that 4
the effective temperature of KMnO; on ngé
riboflavin is great. For example, when |
we observe the relation of the period of 20l
half decay of riboflavin to temperature, '
at 40°C it is 86 secs., at 25°C 10-30
minutes and at 0° C 4 hours.

(4) Effects of acids on the action of 0 % . 0
KMnO, 000310 000330 , V; 000350 000370

When the concentration and type of
acid employed in method A are made to FIG. 6. Arrhenius temperature
vary, the decomposition rates of riboflavin  dependence of rate constant.
change as in Table 3.

TABLE 3. Effect of Acids on the

(85) Destructive action of KMnO, for Action of KMnOy
various substances Acids added [Retention % of B; after
Comparative studies were made of _(Method A) | 10 min. at 25°C (%)

the action of KMnO, for flavin and other 138& gﬁc 3 gg.g

. . (] .

substances attached to flavin during the 109 H:SO; | 146

process of method A, when it was found
that FMN and lumiflavin were attacked
to the same degree while FAD was destroyed much more rapidly. Bs-keto acid,
pteroic acid, oxoviolet and 2-amino-4-hydroxy-6-methylpteridine were extremely
more rapidly decomposed than flavin (Table 4).

(6) Chromatography of substances obtained by decomposition of various flavines
by KMnO,

100 mg each of riboflavin, FMN, Lf and Lumichrome (Lm) were dissolved
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TABLE 4. Decomposition of Several Substances by KMnOy

Retension %

Substance 25° C 10 min. ! 25° C 30 min.
B [ 825%FF | 49 4¥%
2 i 85.7* r 49.4%
89.0%** 52.2%**
FMN | sosr [ 57.1%
FAD T e
Lf 8s.6xt | -
B:-keto acid | 2.0%* —
Oxo-violet }[ 4.8%% —
Pteroic acid 0.0** —
2-amino-4-hydroxy-6-methyl- 0.0%* ; _
pteridine : |

* 3 points correction method.
** Direct fluorometry.
*** Lumiflavin fluorometry.

or suspended in 3 ccm of water, and after addition of 80 mg of concentrated
sulfuric acid and 200 mg of KMnO,, were heated over a water bath for 30
minutes. The decomposition solutions thus obtained were filtered and the
filtrates were subjected to chromatography. The following results were

obtained.
a. Paper chromatography (Toyo filter paper %51, solvent—HAc : BuOH : H,0,

1:4:5, room temperature, “descending” method) (Fig. 7).
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FI1G. 7. Paper chromatogram of decomposition product
of various flavins by KMnQs (HAc: BuOH : H;0),
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b. Paper chromatography (Toyo filter paper #51, solvent—Na,HPO,+12 H.O-
59, aqueous solution, room temperature, “ascending” method) (Fig. 8).
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Lf (Coritrol) 67{
s s [ | n [
Lm/(Control) 0.0;
el S

F1G. 8. Paper chromatogram of decomposition product
of various flavins by KMnOy (Phosphate buffer).

c. Paper ionephoresis (Toyo filter paper 51, Theorell’s buffer of pH 7.0,
time 2 hours) (Fig. 9).

2 -len 0 +lem *2m +3m 4o <Hem bom +Tom

Be,FUN L, &&,Lf.dm e
GBY Y

Lm (Control)

Decomposed AE R 3
siln.of B2 ¢BY QiSub.A ¢ 00
Decomposed “2 24 Q (]
soln.of FMN N 8 9, ® J
Decomposed S o .

soln of Lf m‘v ﬂ Y o

Decomppsed 0 ﬁ

soln. of Lm 5

FIG. 9. Paper ionophoresis of decomposition
products of various flavins by KMnOs.

From chromatograms of B. decomposition solutions developed with a 5%
Na;HPO;, solution, the substance with Rf 0.43 was termed Sub. A, and that with
Rf 0.70 Sub. B. The spots of Sub. A and B were extracted with N-NaOH and
developed with HAc : BuOH : H;O as solvent when Rfs of 0.14 and 0.10 were
respectively obtained. When ionophoresis with Theorell’s buffer was conducted
there were noted migrations of 2.4 cm and 4.9 cm respectively to the anode.
From the above experiments the fluorescent substances obtained by KMnO;
treatment of various flavines will be as follows.

The main KMnOQ, oxidative decomposition products of riboflavin are Sub.
A and B, Sub, A being produced in greater amounts than B. Besides these,
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small amounts of Lm and numerous undefined substances are recognized. By
KMnO, oxidation of FMN, Sub. A and B as well as small amounts of Lm will
also be demonstrated.

Whether these are due to production from the riboflavin present in FMN
or directly from FMN is not clear. Further a strong spot corresponding to the
Rf of riboflavin was confirmed. With Lf and Lm there were recognized mainly
2 types of violet-blue spot only, and production of Sub. A and B was not re-
cognized.

The results of paper ionophoresis suggested that Sub. A and B are acid
substances.

(7) Nature of Sub. A

In the riboflavin decomposition substances there was noted a large pro-
duction of Sub. A, and hence studies were made to determine the nature of this
substance. In the decomposition solution there were noted numerous decom-
position substances besides unreacting riboflavin, so that isolation of Sub. A was
rendered difficult. Hence, chromatograms with phosphate buffer were prepared,
and the spot of Sub. A was isolated, and from this Sub. A was extracted with
alkali and its nature determined.

Characteristics to light—In a neutral to acid medium there was seen photo-
lysis with production of Lm and Lf as end products. In an alkaline medium
there was seen no decomposition. The substance was insoluble in chloroform
(an acetic acid solution of Sub. A could not be extracted with chloroform).
There was noted migration to the anode with paper ionophoresis. The substance
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FIG. 10, Chromatogram of Sub. A and its ethylation product,
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reacted with the alcohols such as methanol and ethanol, to form esters. The
Sub. A spot on the chromatogram was cut into pieces and after suspending
them in absolute ethanol was next saturated by passage through dessicated
hydrogen chloride gas. After 2 days the spot of Sub. A disappears, and a fresh
yellow colored spot believed to be that of the ethyl ester of Sub. A is formed.
This is soluble in chloroform. This substances is also soluble in dilute alkali,
and by leaving at room temperature again becomes capable of producing the
spot of Sub. A (Fig. 10).

From the above it was surmised that Sub. A is an acid substance possess-
ing the isoallaxazine nucleus and COOH. Its nature to light resembles that of
B,-9 acetic acid.

(8) Chemical constitution of Sub. A

As isolation of Sub. A was difficult, indirect experiments to determine the
chemical constitution of this substance were conducted. The results of PPC
undertaken with the KMnO. decomposed solution of riboflavin and photolytic
solution obtained by treating riboflavin with NaOH in the presence of H,0O,
according to Sakurai’'s method®, are shown in Fig. 11. The Rf of Sub. A was
found to resemble closely that of B.-9 acetic acid.

Next, the ethyl ester of this substance was prepared according to the steps
indicated in Table 5, namely.
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FIG. 11. Paper chromatogram: relationship between
Sub. A and B: 9-acetic acide.
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F1G. 12. Paper chromatogram of chloroform solution
(Solvent—HAc : BuOH : H;0),
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TABLE 5. Ethylation of Sub. A
KMnO, decomposed solution of riboflavin (using 2 g of riboflavin)

i
. oo
Precipitate filtrate (dark red in color)
{
extracted with CHCl3 after acidifying with HAc
y
i Voo
aqueous solution CHCI; solution (Im)

|
dried under reduced pressure (below 40°C)

residue

suspended in 20 ccm of absolute alcohol, saturated with dried
HCI1 gas, left for 2 full days

reacting solution
20 ccm of water added, acidified to weak acid with sodium

i acetate, extracted with CHCl;

\ y
CHCI; solution* aqueous solution (riboflavin, others)
elution, dehydrated, evaporated, dried

residie
recrystallized with glacial acetic acid (warm)
yellow needle crystals (Sub. A ethylation product)

After much investigations it became clear that Rf 0.80 (OY) was the ethyl
ester of Sub. B. Hence, Sub. B was believed to be an acid substance contain-
ing COOH.

In the crude state the ethyl ester of Sub. A contains as impurities the ester
of Sub. B (Fig. 12), but this could be removed by recrystallization with glacial
acetic acid.

Nature of the ethyl ester of Sub. A

With the B:-9 HAc ethyl ester synthesized by Sakurai® as control, the
chromatogram of the ethyl ester of Sub. A turned out to be as follows, and
the Rfs of the two were found to correspond when developed with two types
of solvents (Fig. 13).

REO 0 02 03 04 05 06 07 08 09 10
Bz FMN, Lf, | gEMN B, | f Lm
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Bz-9HAc 041
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FIG. 13. Paper chromatogram of Sub, A ethyl ester and B;-9 HAc ethyl ester,
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The maximal absorption spectra were found to be at 268, 350 and 448 my,
and the minimal at 300 and 388 mg, (Fig. 14). They were therefore found.to
correspond with that of Sakurai's B.-9
acetic acid ethyl ester (ethyl-6, 7-di-
methyl flavin-9-acetic ester).

The substance was insoluble in Conen = 505 1%
water, soluble in CHCl;, glacial acetic Soyent : E0H0)+CHCL90)
acid, and hot alcohol. In glacial acetic "
acid it was stable and heat produced no €
decomposition. It was easily soluble L
in N-NaOH, rapidly yielding Sub. A.
Melting point was 288-290° C (decom-
position point), while Sakurai’s B,-9
acetic acid ethyl ester indicated a de-
composition point of 288°C. %5 7

0o i 40 Gmy

Ultim?te analysis: FIG. 14. Absorption spectrum of
Experimental value: C57.81, H5.17, Sub. A ethyl ester.

N 16.22.

Calculated (as ethyl-6, 7-dimethyl flavin-9-acetic ester Ci;sHis0O:Ns). C 58.54,
H 4.8, N 17.07.

From the above results it became clear that Sub. A ethyl ester closely
resembles B;-9 acetic acid ethyl ester. Hence the B. oxidative decomposition
product, Sub. A, is believed to be 6, 7-dimethyl-isoalloxazine-9-acetic acid.

When B; is subjected to oxidative decomposition with KMnO, many com-
plex decomposition products are formed, but of these that showing fluorescence
consists mainly of Sub. A, followed by Sub. B, Sub. A was examined by chro-
matography when it was found to resemble closely B.-9 acetic acid. Next its
ethyl ester was synthesized and various investigations were made, and it was
found to coincide with ethyl-6, 7-dimethyl flavin-9-acetic ester, and from this it
was surmised that Sub. A is 6, 7-dimethyl-9-acetic acid.

The chemical consitution of Sub. B remained undefined, but as the result
of paper chromatography it was found to be more hydrophyllic than Sub. A,
and from the fact that its ethyl ester can be derived it was surmised that it is
a COOH compound with the OH of the ribityl remaining.

2. 2. Decomposition of flavin with lead tetra acetate (Pb(Ac).)

The reacting solution was examined by PPC (BuOH: HAc:H.0 4:1:5) and
Toyo filter paper #51. As may be seen from Fig. 15, under mild conditions the
decomposition products of Pb(Ac)s; produced besides Lm, a yellow fluorescent
substance with Rf 0.52 and a blue-violet fluorescent ‘substance with Rf 0.9.
Under rather powerful conditions there was produced besides Lm a blue-violet
fluorescent substance with Rf 0.9. From FMN there were produced two sub-
stances of unknown nature of Rfs 0.1 (Y) and 0.77 (Y), and no Lm was demon-
strated. B, tetra acetate comes to produce a weak fluorescence at Rf 0.3, but
it does not seem to undergo decomposition. Lf also seems to under little de-
composition, but a yellow spot is produced at Rf 0.2, Bj-keto acid is oxidized
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with case and changes into substances with Rf 0.88 (V) and Rf 0.97 (V?).

REO 01 02 03 04 05 06 07 08 09 10

B2 ‘Y
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Lf 9 |
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Pl 256cc K

F1G. 15. Paper chromatogram of decomposition products
of various flavine by Pb(Ac)4.

2. 3. Riboflavin decomposition with periodic acid (HIO,)

2. 3. i. Method of oxidation with HIO,

1) Karrer’'s method®"—To 20 mg of B, were added 7 ccm of water, 0.4 ccm
of ~N/10 H,SO4, and 1.2 ccm of ~/10 HIO,, and the reaction was allowed to pro-
ceed at room temperature for 30 minutes.

2) Wickstrom’s method®—To about 50 mg of B, was added 20 ccm of m/20
HIO,, and after thorough shaking was allowed to react at room temperature for
30 minutes.

2. 3. 1. PPC of HIO, oxidized products (PuOH: HAc: H,O 4:5:1; Toyo #51)
(1) Karrer's method

CREO 01 02 02 04 05 06 07 08 09 10

Decompo§ed sdution 9| ¢ dy 0, %y
Neutralized st witkSt, @9, | @, | @, i
Treated soln.with Ba(ﬂHﬁrY s [ ’ ‘Y o

B, o

Lf 0,

Lm .B

FIG. 16. Paper chromatogram of decomposition product
of Bz by HIO4 (Karrer’s method),
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By this method B, was not completely decomposed and some remained.

The solutions examined consisted of 1) the entire decomposed solution as
itself, 2) one in which SO, gas was passed into the reacting solution and the
HIO, was made to decompose, 3) where Ba(OH), was passed into the reacting
solution and HIO, and iodic acid were removed. The chromatograms are indi-
cated in Fig. 16.

With Karrer’s method a large amount of non-reacting riboflavin remains.
The main products are Lf, a small amount of Lm, and small amounts of three
yellow colored fluorescent substances with Rfs 0(?), 0.06-0.08 and 0.11-0.14. The
last is frequently not found at all.

(2) Wickstrom’s method

The results are shown in Fig. 17. In this case oxidation is complete, and
the main substances are Lm and If. Besides these, small amounts of three un-
known substances with Rfs of 0.0, 0.03 and 0.06-0.07 were demonstrated.

RFO 01 02 03 04 05 06 07 08 09 10
Room temperatue, 5min P, ¢, L o,
i Sl o, o,
s Thrs, oy, o, 'Y
5TC, Ths t¢ o, 9,
By 0
Lf 0,
Lm .B

FIG. 17. Paper chromatogram of decomposition product
of B2 by HIOs (Wickstrém’s method).

The substance with Rfs 0.64-0.69 is a yellow fluorescent substance but its
Rf coincides with that of Lm. When the reacting solution is left for long at
room temperature or at 57° C, the yellow fluorescent substance on the chromato-
gram gradually changes into blue yellow to blue in color, but the Rf value does
not change. This substance is believed to be the same as isoallaxazine reported
previously.

Karrer’s method is a comparatively milder one than Wickstrém’s method.
Under mild conditions the main substance is Lf, and there is little production
of isoallaxazine and Lm. Contrary to this, under intense conditions it is inter-
esting that the main products Lf and isoallaxazine are produced in almost equal
proportions. During the process of riboflavin oxidation by HIO, Wickstrém
considered that B,-9-acetoaldehyde is produced as an intermediate substance,
but in our experiments such a substance could not be demonstrated. The sub-
stance with an Rf of 0.06-0.08 could not be ascertained regarding its nature. It
appeared under all conditions in small amounts. It was found at 57°C, and
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remained stable even when kept for long periods at this temperature, so that
it can be said to be a fairly stable substance, but not 9-acetoaldehyde.

DISCUSSIONS

Investigations were made of riboflavin oxidative products with fluorescence
as the main clue, and it was found that as main product the cleavaged product
of the ribityl side chain is demonstrable. Thus with KMnO, 6, 7-dimethyl-iso-
allaxazine, and with PbAc, and HIO, Lf and Lm are produced. That these ribo-
flavin light decomposition products are also produced by oxidizing agents is a
matter of deep interest. KMnO; which has hitherto been employed in the
quantitative estimation of riboflavin is a substance that destroys the flavines
fairly powerfully, and special caution has to be paid to the fact that it acts
more powerfully on FAD than on riboflavin and FMN. Sub. A one of the main
fluorescent substances resulting from the oxidation by KMnO., was considered
to be 6, 7-dimethyl-isoallaxazine-9 acetic acid.

But according to the researches of Hais®!”, the heterocyclic portion of B,
is weakly resistant to H.0, and KMnO,, while from our experiments too. that
the decomposition products have lost markedly the light absorption peculiar to
flavine, it would seem that substances besides Sub. A with the flavine nucleus
cleavaged are produced in large amounts. But as these substances possessed
no fluorescence they could not be demonstrated in the present series of experi-
ments.

According to Wickstrom® HIO, does not act on the heterocyclic part of
riboflavin but partakes in the following reaction:

CiHO

CH;
CH:s I\II N
N Neo

6, 7-Dimethyl-isoalloxazine-

3 HIO,
. . l
B, —> H CHO +2H COOH +3 HIOS+ I /INH 9-aceta1dehyde (1)
N

NSNS
CHs © N CO

In this reaction Lf and Lm were demonstrated and confirmed by PPC, but
(1) remained within the range of conjecture. In our experiments (1) could not
be demonstrated, and doubt remains regarding its existence. At any rate the
actions of HIO, and Pb(Ac). on riboflavin were limited practically to the ribityl
side chain, while KMnO, acts on not only the side chain but also on the iso-
allaxazine nucleus.

And in this respect deserves attention as being markedly different.
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