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Dichlororiboflavin ( 7,8-dichloro-l0- ( 1’-~- 
ribityl) isoalloxazine) (Fig. 1, 11) was the 
first antagonist of riboflavin (Fig. 1, 
I )  to be described (1) .  I t  was found to 
temporarily inhibit Staphlococcus aureus and 
Streptobacterium plantarum P-32, neither of 
which require an exogenous source of 
riboflavin. Later i t  was shown ( 2 )  that the 
compound was essentially inert for Lacto- 
bacillus casei, an organism dependent on an 
exogenous source of riboflavin. The findings 
for L. casei were confirmed and i t  was also 
shown that the compound was inert for the 
rat (3 ) .  

Two analogs of riboflavin whose structures 
did not depart so extensively from the struc- 
ture of riboflavin were synthesized (4) for 
biological evaluation. These two analogs were 
7-chloro-8-methyl-flavin ( 7-chloro-%methyl- 
10- (l’-D-ribityl)isoalloxazine) (Fig. I ,  111) 
and 7-methyl-8-chloro-flavin ( 7-methyl- 
8-chloro-10- ( l’-D-ribityl)isoalloxazine) (Fig. 
1, I V )  . I t  was found that 7-chloro-&methyl- 
flavin is a potent, reversible antagonist of 
riboflavin in L. casei and in the rat. The 
growth response in the riboflavin-deficient rat 
when small quantities of this analog are giv- 
en, was amroximately equal to that caused 
by the administration of riboflavin when the 
latter was given in auantities equal to one- 
half the quantities of analog used. Larger 
amounts are lethal to the rat. This compound 
is, therefore, the most potent vitamin-like 
analog of riboflavin in terms of growth of the 
rat and i t  is also the most potent antagonist 

1 This work was supported in part by Grant No. 
AM-14096 from the National Institute for Arthri- 
tis and Metabolic Diseases. 

of riboflavin in terms of its lethal properties 
( 5 ) .  During the administration of this flavin, 
the riboflavin-deficient animals recover from 
the visually observable signs of the deficien- 
cy (6).  The isomeric 7-methyl-8-chloro- 
flavin was found to be the most potent revers- 
ible antagonist of riboflavin for L. case; to 
have been described. I t  is able to produce 
only a small growth response and only mod- 
erate improvement in the animals appearance 
when large amounts are given to rats (3). 

The biological properties of 7-chloro- 
8-methyl-flavin prompted us to synthesize 
and study the biological properties of 7- 
bromo-8-methyl-flavin ( 7-bromo-%methyl- 
lo-( l’-D-ribityl)isoalloxazine (Fig. 1, V ) .  
This analog was found to possess approx- 
imately 50% of the potency of 7-chloro- 
8-methyl-flavin as a reversible antagonist of 
riboflavin for L. rase;. I t  possessed the same 
potency for growth of the riboflavin-deficient 
rat as shown bv 7-chloro-8-methyl-flavin but 
it was substantially less toxic (7).  

The remarkable properties of the above 
three analogs of riboflavin possessing single 
atoms of halogen as replacement for a methyl 
group in riboflavin made it appropriate for 
us to synthesize and study the properties of 
the remaining 7-methyl-8-bromo-flavin 
( 7  -methyl- 8-bromo-l0-( l’-D-ribityl)isoalloxa- 
zine (Fig. 1, VI) . 

Materials and Methods. Chemical. p-Nitro- 
toluene was converted as described (8) to 
2-bromo-4-ni t r~ to luene ,~  mp 78-7903 [Lit. 
(8) gives 75-76’] in 87% yield. The nitro- 

2The material was found to be pure by gas 

3 All melting points determilned on calibrated ther- 
chromatography. 

mometers. 
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FIG. 1. Basic koalloxazine or  flavin structure. 
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I11 7-Chloro-8-methyl-flavin C1- 
IV 7-Methyl-8-chloro-flavin C H r  
V 7-Bromo-8-methyl-flavin Br- 

VI  7-Methyl-8-bromo-flavin CHs- 

- R* 
C H r  
c1- 
C H3- 
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toluene was reduced4 to 3-bromo- 
4-methylaniline, bp 129'/10 mm Hg, 
135-137'/13 mm Hg [Lit. (9) gives 
254-257"/atm] in 92% yield with iron and 
hydrochloric acid by a procedure described 
for a related compound ( 10). The aniline was 
acetylated with acetic anhydride to 
3-bromo-4'-methylacetanilide, mp 11 5-1 16" 
[Lit. (11) gives 113'1 in 68% yield by a 
procedure described for a related compound 
(12). The acetanilide was converted to 3- 
bromo-4-methyl-6-nitroacetanilide, mp 12 2- 
124' [Lit. (13) gives 120'1 in 59% yield by 
a procedure described for a related compound 
( 12).  The nitroacetanilide was converted to 
3-bromo-4-methyl-6-nitroaniline, mp 166- 
168" [Lit. (13) gives 165'1 in 84% yield 
by a procedure described for a related com- 
pound (12). The nitroaniline was converted 
by a procedure used for an isomeric 

*Reduction could also be a,ccomplished in 62% 
yield by the use of Ni and hydrogen. Reductions 
with Pt and hydrogen sled to excess uptake of the 
latter and a product which was difficult to purify. 

compound ( 7 ) to 2 -bromo-4-chloro- 
5-nitrotoluene, mp 66-67' (n-hexane) in 74% 
yield as bright yellow crystak2 (Calcd for: 
C, 33.6%; H, 2.0%; Br, 31.9%; N, 5.6% 
Found: C, 33.7%; H, 2.1%; Br, 31.5%; N, 
5.4% ) . The 2-bromo-4-chloro-5-nitrotoluene 
was converted by a procedure used for a 
related compound (4) to 3-bromo-4-methyl- 
6-nitro-fv-~-ribitylaniline, mp 17  1-1 72 
(methyl alcohol) in 52% yield as bronze col- 
ored crystals. (Calcd for: C, 39.576, H, 4.7%; 
Br, 21.9%; N, 7.7%. Found: C, 39.3%; H, 
4.57%; Br, 21.6%; N, 7.8%). The above ribi- 
tyl-aniline was converted by the procedure 
used for its isomeric analog (7) to 7-methyl- 
8-bromo-l0-( l'-D-ribityl)isoalloxazine (7 -  
methyl-8-bromo-flavin) mp 262 ' (dec.) in 
83 % yield following recrystallization by the 
hydrochloric acid procedure described ( 7 )  as 
orange crystals. (Calcd for: C, 43.5%; H, 
3.9%; Br, 18.1%; N, 12.7%. Found: C, 
43.9%; H, 4.1%; Br, 18.0%; N, 12.4%). 

Biological. The procedures described for 
the study of the 7-methyl-8-chloro-flavin (3) 
in the metabolism of L. casei were used for 
the study of the analog 7-methyl-8-bromo- 
flavin. The need for separate autoclaving of 
the flavin solution and the basal medium was 
because when mixed, the sterilization 
procedure caused the analog to be reversibly 
reduced to a red, stable semiquinine (3) .  

For the animal studies, 120 female wean- 
ling rats of the Wistar  train,^ weighing 35 to 
40 g, were housed individually in wire- 
bottomed cages and the conditions under 
which they were maintained have been de- 
scribed before (14). The animals were fed 
the riboflavin-deficient diet described before 
(15) until they were deficient. The animals 
were weighed a t  weekly intervals, and an 
animal was designated deficient when it had 
failed to gain 6 g in weight during a period of 
14 days. As the animals became deficient 
they were distributed at random into eight 
groups until each group contained 10 or 11 
rats. The daily supplements are described in 
Table I. All flavin supplements were given by 
stomach tube as a solution or suspension in 
0.5 ml of 6% gum acacia solution, each day 

C F N rats, Clanvorth, Incc., New City, NU. 
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TABLE I. Growth of R.at.8 Recciviiig Analog, R.iboflnvin, or Analog Plus Riboflaviii. 

111 1 proved 
np poar ance W t g n i 11 cd 

Group Daily supplement (%)" (g>  

1 

2 

3 

4 

5 

6 

7 

8 

6-1' 

6-29 

Vehicle 

20 p g  Ad 

50 PLg A 

250 pg A 

500 pg A 

1000 pg A 

10 pg Rb 

10 pg Rb + 500 pg A 

10010 A ;  42 

1000 pg A ; 42 days 
2 0 0  pg A ; 28 days 

0 

50 

50 

82 

80 

82 

1080 

100 

80 

100 

7 + 2  

11 & 2 

14 k 2 

21 & 2 

27 2 

310 & 2 

72 k 4 

52 * G 

38 & 5 

63 k 5 

( O . 1 5 i )  

(0.335) 

(0.031) 
(0.030) 

( 0.082 3 ) 

(0.283) 

(0.009) 

(6 vs 6-1; 27 = 0.130) 
(0.008) 

( 6  vs 6-2 ; p = 0.0001) 

~~~~ ~ 

" Percentage of animals in the Group which showed improved appearance or improvement in  
the visudly observable signs of riboflavin deficiency. 

Net weight gain for 28 day tesk period & an estimate of the standard error of the mean. 
Probability relation for difference of meam of two groups in lines irrimediately above and 

below the values in parentheses. 
A, analog; Rb, riboflavin. 

*Probability relation for  difference of means between Groups 1 and 3. The p value for a.ll 
differences between Group 1 and Groups of higher number would be smaller than the one given. 
For  Group 1 vs Group 2, p is 0.157, of course. 

Animals in Group 6 continued a t  10W pg/day for an additional 14 days. 
gknirnals in Group 6-1 c h n g e d  from l O Q O  pg/day to 2000 pg/day and continued for an  ad- 

ditional 28 days. 

for 28 days, immediately before the animals 
were fed. 

Molar extinction coefficients were deter- 
mined from the optical densities determined 
at  wavelengths associated with the absorption 
maxima and minima. Measurements were 
made on a Beckman Model DU Spectropho- 
t'ometer equipped with a Gilford photometric 
indicator unit (model 220)  with combined 
lamp source stabilizer and amplifier. 

The analog 7-methyl-8-bromo-flavin was 
chromatographed by the descending tech- 
niques as described before (16)  using the up- 
per layer of a n-butanol, water and acetic 
acid mixture (4:S:l). 

ResuEts. The new flavin 7-methyl-8-bromo- 
flavin is devoid of vitamin-like or riboflavin- 
antagonistic activity for L. casei. The analog 
was tested for vitamin-like properties up to 
concentrations of 400 pg/tube. Antagonistic 
activity was tested up to the same concentra- 
tion of analog in the presence of 0.15 and 
also 0.3 pg/tube of riboflavin. The analog 
does, however, provide a small stimulus for the 
metabolism of this organism when it is made 
available in the presence of a small amount 
of riboflavin in the ratio of approximately 
1000: 1. 

The results of the animal studies are so 
clearly shown in Table I that little comment 
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is required. The analog caused a growth re- 
sponse at all quantities given although the 
response was not statistically different from 
that of the riboflavin-deficient Group until 50 
pg/day were administered. The animals 
showed improvement in their appearance in 
response to all quantities of the analog ad- 
ministered. When it was found that 1000 
pg/day of the analog caused growth and im- 
proved appearance and was not lethal during 
a 28 day test, period, the same quantity of 
analog was administered for an additional 14 
days. This caused increased growth but no 
further improvement in appearance. After 
these animals had been given 1000 pg/day of 
the analog for 42 days the quantity of the 
analog was increased to 2 mg/day and ad- 
ministered an additional 28 days. Thus, after 
70 days and the ingestion of a total of 98 
mg of the analog, the animals were essential- 
ly indistinguishable from those in Groups 7 
and 8. No animal died as a result of the 
administration of the analog. 

The molar extinction coefficients of the 
new flavin 7-methyl-8-bromo-flavin are given 
with those determined for riboflavin and the 
related 7 -me th yl-8 -chloro-flavin . 

Riboflavin : 
Maxima: 267 nm, 33,200; 373 nm, 10, 
650; 445 nm, 12,250 
Minima: 304 nm, 1200; 399 nm, 6900 

7 -Me th yl-8 -chloro-flavin : 
Maxima: 267 nm, 31,500; 366 nm. 
9650; 444 nm, 12,350 
Minima: 302 nm, 1700; 395 nm, 6050 

7 -Methyl-8-bromo-flavin : 
Maxima: 267 nm, 31,690; 369 nm, 
9880; 445 nm, 12290 
Minima: 301 nm, 1680; 400 nm, 6985 

When riboflavin and 7-methyl-8-bromo- 
flavin were chromatographed simul taneouslv. 
the Rf value of the former was 0.29 and of 
the latter 0.39. 

Discussion. The observed biological activi- 
ties of the new analog of riboflavin were not 
what we had considered to be reasonably 
predicted. We had found 7-chloro-%methyl- 
flavin (111) to be a potent inhibitor of 
riboflavin in L. casei. In the rat it possessed 
50% of the growth promoting potency of 
riboflavin and it caused complete recovery of 

the animal’s riboflavin-deficiency appearance. 
Large quantities were lethal for the animal. 
When the 7-position was occupied by a bro- 
mine atom rather than a chlorine atom, as in 
7-bromo-8-methyl-flavin (V) ? the potency of 
the compound as an antagonist of riboflavin 
in L. casei was reduced. In the rat toxicity 
was substantially reduced while its growth- 
promoting and appearance-improving potency 
were unchanged. Since 7-methyl-8-chloro- 
flavin (IV) had been found to be a very 
potent antagonist of riboflavin in L. casei, 
and in the rat a low potency stimulus for 
growth and improved appearance and of low 
toxicity, we anticipated that the 7-methyl- 
8-bromo-flavin (VI) would be a somewhat 
less but still potent antagonist in L. casei, 
and in the rat to be of low potency as a 
growth stimulus and a stimulus for improved 
appearance and of still lower toxicity. We 
have found, however, that 7-methyl-8-bromo- 
flavin is devoid of any biological activity for 
L. casei, and while it does not possess antago- 
nistic activity against riboflavin, in the 
presence of riboflavin it provides an exceed- 
ingly small stimulus. Its activity is almost 
exactly that shown by 7,8-dichlororiboflavin 
(11) (3).  For the rat this new analog was 
found to be nearly identical to */-methyl- 
8-chloro-flavin (IV) as a growth stimulus and 
it was found to be nontoxic at  all levels 
used. The new flavin was found to possess 
considerable potency with respect to its abili- 
ty to improve the visually observable signs of 
riboflavin deficiency in the rat. Since 10 pg 
of riboflavin plus 500 pg of analog/day 
(Group 8) did not cause the animals to grow 
as well as  10 pg of riboflavin/day alone, the 
analog possesses inhibitory properties; i t  in- 
terferes wiith the normal utilization of 
riboflavin. 

When a riboflavin-deficient rat is given 
riboflavin, it increasas its food consumption, 
improves its food utilization, increases in 
weight and recovers its normal appearance. 
The first two and the last responses are due 
to riboflavin, the third is due to the first two 
but when adequate food is available to the 
animal these four responses are intimately 
linked. I t  was found that the same relation- 
ship among these responses existed when 
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7-chloro-8-methyl-flavin (111) was given to a 
riboflavin-deficient rat (6, 15).  In  the case 
of 7-methyl-8-bromo-flavin (VI) we find that 

2. Snell, E.  E., Klatt, 0. A% Bruins, H. W., and 
Gravens, W. W., Proc. SOC. Exp. Biol. Med. 82, 583 
(1953)- 

J. Nutr. 74, 466 (1961). 

Chem. sot. 76, 5093 (1954). 

169 (1960). 

when adequate food is available to the ai- 3. Lambooy, J. p., Scala, R. A.7 and Haley, E. E*, 

ma’, administration Of the flavin provides 4. Haley, E. E., and Lambooy, J. pa, J. Amer. 
only a small stimulus to eat and, therefore, 
the gains weight very slowly. The 5. Haley, E. E., and Lambooy, J .  P., J. Nutr. 72 
influence on food utilization was not studied 
but it would be insufficient to play a major 6. Lambooy, J. P., Scala, R. A., and Homan, E., 
role in weight gain. Judging from these J. Nutr. 100, 883 (1970). 
findings the flavin has little riboflavin-like 7. Faulkner, R. D., and Lambooy, J. P., J. Med. u 

activity. The greatly improved appearance of 
the animals suggests that the new flavin has 
considerable riboflavin-like activity. 

These findings provide evidence that the 
mechanisms stimulating food consumption 
and improved appearance which always ap- 
pear to be intimately related in the recovery 
process may be sufficiently different so that 
the processes can be shown to produce inde- 
pendenit responses. We are pursuing these 
studies with new analogs of riboflavin. 

The author expresses his appreciation to Mr. Ber- 
nard C. Thompson for his excellent assistance in the 
animal portion of this work. 

1. Kuhn, R., Weygand, F., and Moller, E. F., 
Chem. Ber. 76, 1044 (1943). 

Chem. 9, 495 (1966). 

38, 11 (1958). 
8. Bunnett, J. F., and Rauhut, M.  M., Org. Syn. 

9. Hafner, R., Chem. Ber. 22, 2903 (1889). 
10. Lambooy, J. P., and Haley, E. E., J. Amer. 

11. “Dictionary of Organic Compounds,” 4th ed., 

12. Lambooy, J .  P., J. Amer. Chem. SOC. 72, 

13. Blanksma, J. J., Chem. Weekbl. 9, 968 (1912). 
14. Lambooy, J. P., and Aposhian, H. V., J. 

15. Lambooy, J .  P., Smith, C. D., and Kim, Y .  S., 

16. Lambooy, J. P., J. Amer. Chem. SOC. 80, 110 

Chem. SOC. 74, 1087 (1952). 

p. 492. Oxford Univ. Press, New York, (1965). 

5225 (1950). 

Nutr. 71, 182 (1960). 

J. Nutr. 101, 1137 (1971). 

(1958). 

Received July 21, 1972. P.S.E.B.M., 1972, Vol. 141. 


