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7-Ch lo ro -8 - t r i f l uo romethy l i soa l loxaz ines  with D-r ib i ty l ,  D-galactyl ,  D-sorb i ty l ,  and L-  
rhamni ty l  subst i tuents  in the 10 pos i t ion  were  obtained. The effect  of the t r i f luoromethy l  
group on the e lec t ron ic  s p e c t r a  of f lavins containing a t r i f luoromethy l  group was studied. 

The p r e s e n c e  of an o -7 ,8 -d imethy l  grouping in the r iboflavin molecule  is one of the s t ruc tu ra l  f ac to r s  
that insure  its v i tamin  act ivi ty .  Rep lacement  of the methyl  groups by o ther  subst i tuents  leads  to the product ion 
e i ther  of r ibof lavin  antagonis ts  [2] o r  compounds with reduced v i tamin  act ivi ty  [3], as well as subs tances  that 
have  ant i tumorigenic  act ivi ty [4]. 

Rep lacement  of one of the methyl  groups  in the r iboflavin molecule  by a t r i f luoromethyl  group leads to 
the product ion of v i tamin B 2 antagonis ts  that  inhibit the growth of the lac ta te  bac t e r i a  Lactobaci l lus  case i .  
The analog containing a t r i f luoromethy l  group in the 8 posi t ion [ 7 - m e t h y l - 8 - t r i f l u o r o m e t h y l - 1 0 - ( l ' - D - r i b i t y l ) -  
isoal loxazine]  [5] has the m a x i m u m  inhibiting effect.  

The p r e sen t  p a p e r  is devoted to the synthes is  of 8 - t r i f luoromethyl i soa l loxaz ines ,  potential  r iboflavin 
antagonis ts  in which additional modif ica t ion of the v i tamin  molecule  by r ep lacemen t  of a second methyl  group 
by a chlor ine  a tom is rea l ized .  

The 7 -ch lo ro -8 - t r i f l uo rome thy l i soa l loxaz ines  were  synthesized by the scheme  p resen ted  below: 

I i n a - d  o o 

tv a -d  

I I - - I V  a I~=D-r ib i t~ l ;  b R = D - g a l a c t y l ; c  l~=D-sorb i ty l ;  d R = L - r h a m n i t y l  

2 ,5 -Dich lo ro -4-n i t robenzo t r i f luor ide  (I) was obtained by reac t ion  of 2 ,5 -d ich loro-4-n i t robenzoic  acid 
[6] with sul fur  t e t ra f luor ide  in anhydrous HF. Condensation of I with polyhydroxyalkylamines  II leads to sub- 
st i tuted ni t roani l ines  III. 7 -Chlo ro -  8 - t r i f luoromethy l i soa l loxaz ines  IV were  obtained by condensat ion of al loxan 
with o-phenylenediamines  - p r o d u c t s  of reduct ion of ni t ro  amines  III. 

The p r e p a r a t i o n  of a s e r i e s  of r ibof lavin  analogs containing a t r i f luoromethyl  group has b e e n a c c o m -  
pl ished by synthes is  of i soal loxazine 7 - ch lo ro -8 - t r i f l uo rome thy l  de r iva t ives  [1, 7]. 

*Communica t ion  IX f r o m  the s e r i e s  "Invest igat ion of a Number  of Riboflavin Analogs",  see [1] for  com-  
municat ion VIII. 
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T A B L E  1. 
f l a v i n  

UV S p e c t r a  of t he  T r i f l u o r o m e t h y l  A n a l o g s  of R i b o -  

in Alcoho l )  

Va 

Corn - lmax, Corn- Xmax' Ig e pound nm lg e pound R, R, nm 

I Va 

.Vb 

Vc 

CHa 

CH~ 

CFa 

CHa 

CFa 

CHa 

449 
362 
270 
223 
450 
325 
270 
218 
430 
339 
270 
225 

4,0 
3.93 
4,49 
4,43 
3,89 
3,78 
4,48 
4,32 
4,01 
3,82 
4,48 
4,36 

Vd 

\r e 

P~ R~ 

Ct CF3 

CFa C l 

CF3 'CF3 

450 
321 
270 
221 
430 
335 
272 
228 
432 
320 
276 
221 

3,98 
3,81 
4,57 
4,49 
4.o6 
3,89 
4,55 
4,52 
3,91 
3.54 
4,49 
4.28 

T A B L E  2. 2 - C h l o r o - 4 - n i t r o - 6 - p o l y h y d r o x y a l k y l a m i n o b e n z o t r i f l u o -  
r i d e s  (IIIa-d)  

tom - 
pound 

Ilia 
Ill b 
IIIc 
IIld 

Ribityl 
Galactyl 
Sorbityl 
Rhamnityl 

mp, *C 
Empirical 
form ula 

161--162 I CmHI4CIF~N206 
198--200 I CIsHI6CIF3N2Oz 
178--180 [ CmHmC1F3N2Oz 
153--154 [ CI~HI~C1F3N206 

Found, % 

I CI I F N 
I 

9,8 [ 15,1 7,8 
9,1 114'2 6,9 
8,7 13,9 7,,2 
9,7 14,2 7,2 

Calc., % Yield, 

9,5 15,2 Z,5 81 
8.8 14,1 6,9 67 
88 14.1 80 
9,2 14,7 8O 

T h i s  m a d e  i t  p o s s i b l e  to  e s t a b l i s h  how the p o s i t i o n  of the  t r f f i u o r o m e t h y l  g r o u p  in the  i s o a l l o x a z i n e  r i ng  
a f f ec t s  t he  e l e c t r o n i c  s p e c t r a  of the  c o m p o u n d s  of th i s  s e r i e s .  We i n v e s t i g a t e d  the  UV s p e c t r a  of compounds  
of the  g e n e r a l  f o r m u l a  V:  

R 
I 

"UUN  -r 

It 
o 

v a - e  

V R=ribityl;  a RK=R2=CH3; b R~=CF3, R2=CH3; c RI=CH3, R2=CF3; d RI=CI, 
R2=CF3; e RL=R2=CFs 

a s  c o m p a r e d  wi th  the  s p e c t r a l  da t a  of t he  IVa ob t a ined  by us  in the  p r e s e n t  r e s e a r c h .  The  UV s p e c t r a  of the  
i n v e s t i g a t e d  c o m p o u n d s  a r e  p r e s e n t e d  in T a b l e  1. It is  e v ide n t  f r o m  T a b l e  1 tha t  r e p l a c e m e n t  of the  m e t h y l  
g roup  in the  8 p o s i t i o n  of  the  r i b o f l a v i n  m o l e c u l e  by a t r i f l u o r o m e t h y l  g roup  does  not  a f f ec t  the  v i s i b l e  p o r t i o n  
of the  s p e c t r u m  (V, Vb, and Via) ,  w h e r e a s  the  l o n g - w a v e  a b s o r p t i o n  band  in the  UV r e g i o n  u n d e r g o e s  a c o n -  
s i d e r a b l e  h y p s o c h r o m i c  sh i f t .  The i n t r o d u c t i o n  of a t r i f l u o r o m e t h y l  g roup  in the  7 p o s i t i o n  of the  i s o a l l o x a z i n e  
r i ng  l e a d s  to a h y p s o c h r o m i c  sh i f t  of both  l o n g - w a v e  bands  (Va, c,  e).  R e p l a c e m e n t  of the  m e t h y l  g roup  by a 
c h l o r i n e  a t o m  both  in the  7 p o s i t i o n  and in the  8 p o s i t i o n  (Vb and IVa, and Vc and W e )  does  not  a f fec t  the  a b -  
s o r p t i o n  s p e c t r u m  s u b s t a n t i a l l y .  The  i n t r o d u c t i o n  of two t r i f l u o r o m e t h y l  r e s i d u e s  in the  r i b o f l a v i n  m o l e c u l e  
l e a d s  to  a m o r e  p r o f o u n d  sh i f t  of both  l o n g - w a v e  a b s o r p t i o n  bands  to  the  s h o r t - w a v e  r e g i o n .  

T h e -  N 1 = C - C  = N 5 s y s t e m ,  which  d e t e r m i n e s  the  b i o l o g i c a l  a c t i v i t y  of r i b o f l a v i n  and i t s  a n a l o g s  [8], is  
r e s p o n s i b l e  f o r  t he  r - r *  t r a n s i t i o n  of the  l o n g - w a v e  a b s o r p t i o n  band .  Thus  the  i n t r o d u c t i o n  of a t r i f l u o r o -  
m e t h y l  g roup  in t he  7 p o s i t i o n  of f l av in  m o l e c u l e s  has  the  m o s t  s u b s t a n t i a l  e f fec t  on the  c a t a l y t i c  s y s t e m  of 
r i b o f l a v i n  a n a l o g s .  

E X P E R I M E  N T A  L 

The  UV s p e c t r a  of f l av in s  I V a - d  w e r e  r e c o r d e d  with  a P e r M n - E l m e r  402 s p e c t r o p h o t o m e t e r .  C h r o m a -  
t o g r a p h y  was  c a r r i e d  out on Si lufol  UV-254  p l a t e s  in  the  fo l lowing so lve n t  s y s t e m s :  A) bu ty l  a l c o h o l - a c e t i c  
a c i d - w a t e r  (4 �9 1 �9 1) and B) p r o p a n o l - - 0 . 2 5  N NH4OH (3 : 1). 

2 , 5 - D i c h l o r o - 4 - n i t r o b e n z o t r i f l u o r i d e  (I). A m i x t u r e  of 7.08 g (0.03 m o l e )  of 2 , 5 - d i c h l o r o - 4 - n i t r o b e n z o i c  
ac id ,  16.2 g (0.15 mole )  of SF4, a n d  20 m l  of a n h y d r o u s  H F  was  h e a t e d  in  an  a u t o c l a v e  a t  l l 0  ~ f o r  l 0  h, a f t e r  
which  the  r e a c t i o n  p r o d u c t  w a s  e x t r a c t e d  wi th  b e n z e n e .  The  e x t r a c t  was  w a s h e d  wi th  5% s o d i u m  c a r b o n a t e  
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solution and wa te r  and dried with MgSO 4 containing NaF. The benzene was removed  by disti l lation, and benzo-  
t r i f luor ide  I was dis t i l led to give 6.3 g (81%) of a product  with bp 115 ~ (13 ram). The product  began to c r y s t a l -  
l ize  on standing to give a solid mp 30-32 ~ Found: C1 27.2; F 22.4; N 5.2%. CTH2C12F3NO 2. Calculated:  C1 
27.3; F 21.9; N 5.4%. 

2 -Ch lo ro -4 -n i t ro -5 -po lyhydroxya lky laminobenzo t r i f luo r ides  (IIIa-d). A 0 .01-mole  sample  of I was r e -  
fluxed in alcohol with 0.03 mole  of g lycamines  IIa-d,  a f t e r  which the solvent was vacuum evaporated,  and the 
res idue  was ref luxed in benzene.  The solid was removed  by f i l t ra t ion and c rys t a l l i zed  success ive ly  f r o m  a l -  
c o h o l - b e n z e n e  (3 : 1) and aqueous alcohol (Table 2). 

7 -Ch lo ro -8 - t r i f l uo romethy l i soa l loxaz ines  (IVa-d). An acetic  acid solution of o-phenylenediamine,  ob- 
tained as a resu l t  of reduct ion of 2 m m o l e  of N-subst i tu ted  ni t roanUines IIIa~d, was added to a suspension of 
6 m m o l e  of al loxan and 6 m m o l e  of bor ic  acid in glacia l  acet ic  acid, and the mix tu re  was allowed to stand at 
r oom t e m p e r a t u r e  fo r  2 days.  The acet ic  acid was vacuum evaporated,  and the res idue  was washed with e ther  
and c rys t a l l i zed  f r o m  wate r .  The p r o p e r t i e s  of the compounds obtained a r e  p re sen ted  in Table 3. 

1. 

2. 
3. 
4. 
5. 
6. 
7. 

8. 

LITERATURE CITED 

N. Ao Plashkina, V. L Troitskaya, Z. V. Pushkareva, and T. P. Ryapsova, Khim. Geterotsikl. Soedin., 
No. 8, 1136 (1976). 
R. Barlow, J. Chem. Soc., 2225 (1951). 
P. Karrer and T. Quibell, Helv. Chim. Acta, 19, 1034 (1936). 
C. Shunk. F. Koniuszy, and K. Folkers, J. Am. Chem. Soc., 74, 4251 (1952). 
G. M. Shavlovskii ,  and V. P.  Senchina, Mikrobiologiya,  7, 367 (1972). 
H. Goldstein and R. Jaunin, Helv. Chim. Acta, 34, 1860 (1951). 
N. A. Plashkina,  V. I. Tro i t skaya ,  L. M. Yagupol ' ski i ,  and Z. V. Pushkareva ,  Khim. Geterots ik l .  Soedin., 
No. 11, 1567 (1975). 
L. S. Tu l ' ch inskaya  and V, M. Berezovsk i i ,  Zh. Obshch. Khim.,  40, 1252 (1970). 

1389 


