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Tr i f luoromethyl  der iva t ives  of r iboflavin,  galactoflavin,  and 9-(~-hydroxyethyl)  isoalloxazine have been 
synthesized for biological  tes ts .  

As is well  known, the synthesis  of analogs of na tura l  r iboflavin using var ious  methods for modifying its s t ruc ture  
has led to the p repara t ion  of a number  of substances  capable of the "competing inhibition" of enzymatic  react ions  
(ant imetabol i tes ) ,  among which have been found compounds capable of inhibit ing the growth of tumors  in an imal  
exper imentat ion [2]. 

One of the proven routes  for modifying the molecules  of metabol i tes  is the rep lacement  of hydrogen atoms by 
f luor ine a toms,  which does not d is turb  the geometry  of the molecule but has a marked influence on the e lec t ron-  
densi ty  d is t r ibut ion.  Thus, 5- f luorourae i l  has found prac t ica l  use in oncological p rac t ice ,  and in tlae f luoromethyl  
der ivat ives  of benzimidazole  possess  a cons iderable  act ivi ty against  a number  of bac te r ia  and v i ru se s .  

The p resen t  work was devoted to a sys temat ic  study of one of the methods of modifying the r ibof lavin molecule ,  
compr is ing  the rep lacement  of the methyl  group in the isoal loxazine r ing  by a t r i f luoromethyl  group. It is just  this 
modificat ion,  which has not been used previous ly  in the isoal loxazine se r i e s ,  which pe rmi t s  the maximum retent ion of 
the geometry  of the r iboflavin molecule .  

For  this purpose we selected the following se r i e s  of compounds of the general  formula  (Table 2): 

0 

Compounds I, II, and III were intended to elucidate the influence of a CF 3 group on biological  activity with the 
re tent ion of a methyl  group in posi t ion 7 of the isoal loxazine r ing  and with its absence while re ta in ing  a r ib i ty l  res idue  
at N(~). Compounds IV, V, and VI have a s i m i l a r  s t ruc ture ,  but in this case the CF 3 group is not in the r iboflavin 
skeleton but in the molecule  of an ant imetabol i te ,  galactoflavin.  Compounds VII, VIII, and IX are  constructed on the 
same pr inciple  but with a s implif ied hydroxyalkyl res idue (/~-hydroxyethyl). 

The synthesis  was ca r r i ed  out by the following route:  

R? CI -t- H2N--R9 ~ H2 

R 6 , ~ A  x, NO 2 R 6 / ~ ' / ~ N O  ~ Raney Ni 
B C 

2 0 I /  

*For  par t  III, see [1]. 
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The initial o-chloronitrobenzotrifluorides (A) were obtained by published methods [4-6]. 1-Amino-1- 
deoxygalactitol was obtained by the reduction of ga]actose phenylhydrazone as described by Wolfrom et al. [7]. The 
synthesis of I-amino-l-deoxyribitol was carried out similarly but it was not isolated in the form of the Schfff's base 
with salicylaldehyde; the aqueous solution after reduction was treated repeatedly with benzene, the water distilled off 
in vacuum, and the residual sirupy product was used in the reactions with the o-chloronitrobenzotrifluorides. The 
replacement of the halogen in compounds A by amino alcohols took place under roughly the same conditions: by boiling 
in pyridine or in higher alcohols (amyl or butyl alcohol) for from 8-12 hr. The nitroamines C produced consisted of 
yellow or orange substances crystallizing well from water or ethanol. The physical constants, yields, and elementary 
analyses of the intermediate nitroamines are given in Table I. 
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, j 
44.30 4,79 788!44.0t 4.70 
42.61 4.64 8.35 42.35 4.41 
42.73 4.67 8 00~42 3514.41 
43.42 5.03 7.40 43.75[ 4.94 
42,231 4.96 7.49 42,161 4,61 
42.55 4.72 7A8142.1614,61 
45.60 4.14 0,65145,4114.18 
43.50 3.72 1.70143.20l 3.61 143.3113.55 150i43.20 ] 3,61 

Mp, ~ 

t79 CIsHtTFsN2Os 
173 CI~HxsF3N206 
16l C,2H,sF3N206 
250 Ct4HtsFzN2Oz 
223 C13HITF3NtO7 
209 C13HITFsN207 
136 C~oH~IFsN203 
109 CgH6F3N203 
76 CgHgF3N203 

ii . . [. Found, % Calculated, % 
Emp ..... If . . . .  la/ C [ H N C i H N Yield,% 

i 
7 96 40 
8.20[ 21 
8.20[ 37 
7.291 23 
7.57] 14 
7.57] 44 
0.6~] 9t 
1.20] 84 
1.20] 75 

The r e d u c t i o n  of compounds  C was  c a r r i e d  out ca t a ly t i ca l l y  in  ace t i c  ac id  and  a f t e r  the s e p a r a t i o n  of the ca t a ly s t  
the  ace t i c  ac id  so lu t ion  of the o - d i a m i n e  D was  u sed  for  the condensa t ion  with a l loxan ,  which was p e r f o r m e d  in  the 
p r e s e n c e  of b o r i c  ac id .  The i s o a l l o x a z i n e s  sy the s i zed  c o n s i s t e d  of b r igh t  yel low s u b s t a n c e s  c r y s t a l l i z i n g  wel l  f r o m  
wa te r  or  ace t ic  ac id  and m e l t i n g  with decompos i t i on .  9 - ( l ' - d - G a l a c t y l ) - 7 - t r i f l u o r o m e t h y l i s o a l l o x a z i n e  could not be 
s y n t h e s i z e d  by this  method .  The phys i ca l  c o n s t a n t s ,  y i e ld s ,  and e l e m e n t a r y  a n a l y s e s  of the i soa l l oxaz ines  ob ta ined  
a r e  g iven  in  T a b l e  2. 

R5 R7 Rg E 

Tab le  2 

?, 

o 

Decomp. formula / Found, % 
P*, o C Empirical I C i H N 

Calculated,c H I N "~* % t ~ 

I~ C~ 3 CCH: 1 d-Ribityl d-Ribityl 
IHI CFs] d-Ribit yl 

CF61 CHz[ d-Galactyl 
d-Galaetyl 
CH~CH~OH 
CH2 CHa OH 

VI~i CFa CH2CH2 OH 

244--2451, C,7HITF3N406 47.1614.27 
236--238' I C~sH15F3N406 45.64 3.97 
240--242 / C~6HtsF3N,O~ 45.91 3.70 
238--240 / C18HIgF~N,O7 46.2914.26 
241--242] CI7HI7F3N407 45.2514,00 
285--288] C,4HHF3N403 49.1313.40 
279--281[ C13HgFsN403 47.78 2.97 
297--281] C~3HgF3N40~ 47.95 2.85 

13.14 47.44 3.96 13.02152 
13.50146.15/3.60 113.46[ 39 
13 18 46.15 3.60 !13 46 40 
12.26 46.96!4.13 12.17 41 
t2.86 45,8613.81 12,55 35 
16,39149.411324 116.47 58 
17.10 4785 277 17.18 49 
17.34147.8512.77 [17,18153 

*Figures calculated on the intermediate nitroamine. 

EXPERIMENTAL 

N _ ( l ~ _ d - R i b i t y l ) - 5 - m e t h y l - 2 - n i t r o - 4 - t r i f l u o r o m e t h y l a n i l i n e  (X). A m i x t u r e  of 1 g (0.0042 mole)  of 
4 - c h l o r o - - 6 - m e t h y l - 3 - n i t r o b e n z o t r i f l u o r i d e  (XI) and 2.5 g (0.016 m01e) of 1 - a m i n o - l - d e o x y r i b i t o l  in  8 ml  of a m y l  
a l c o h o l w a s b o i l e d f o r  12 h r .  The hot d a r k  r e d  so lu t ion  was decan ted  f r o m  the unchanged  d - r i b a m i n e  and cooled.  The 
yellow p r e c i p i t a t e  that  depos i ted  was  f i l t e r e d  off, washed with e the r ,  and c r y s t a l l i z e d  f r o m  wa te r .  
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N-( l~ -d -Rib i ty l ) -2 -n i t ro -4 - t r i f l uo romethy lan i l i ne  and N- ( l~ -d - r ib i ty l ) -2 -n i t ro -5 - t r f f luo romethy lan i l i ne .  These 
were obtained in a s i m i l a r  manne r  to X. 

5 -Methyl -9- ( lV-d- r ib i ty l ) -6- t r f f luoromethyl i soa l loxaz ine  (I). Raney nickel was added to a mixture  of 0.5 g 
(0.0014 mole) of X and 20 ml  of acetic acid, and hydrogenation was ca r r i ed  out at a tmospher ic  p r e s su re  and room 
tempera tu re  for 8 hr.  The catalyst  was f i l te red  off and the resu l t ing  faint ly greenish  solution of the o-diamine was 
added to a suspension of 0.25 g (0.0017 mole) of alloxazine and 0.3 g of boric acid in 25 ml  of acetic acid. The react ion 
mixture  was kept at 50 ~ C for ] hr  and at room tempera tu re  for 1 day. The acetic acid was evaporated in vacuum, 
the res idue was t r i tu ra ted  with ether ,  and the substance was twice c rys ta l l i zed  f rom 10% acetic acid. 

Compounds II, HI, IV, and VI were obtained s imi l a r ly  to I and were c rys ta l l ized  from water .  

N - ( l ' - d - G a l a c t y l ) - 5 - m e t h y l - 2 - n i t r o - 4 - t r i f l u o r o m e t h y l a n i l i n e  (XII). A mixture  of 1.5 g (0.0063 mole) of XI, 2.7 g 
(0.01 mole) of 1 -amino- l -deoxyga lac t i to l  hydrobromide,  and 1.6 g (0.02 mole) of anhydrous sodium acetate was boiled 
in pyridine for  12 hr .  The hot solution was f i l te red ,  the pyridine was evaporated off in vacuum, and the res idue  was 
t rea ted  with pe t ro leum ether severa l  t imes  and was then boiled in water .  After cooling, the yel low-orange precipi ta te  
was f i l te red  off and c rys ta l l i zed  f rom ethanol. 

N- ( lV-d-ga lac ty l ) -2 -n i t ro -4- t r f f luoromethy lan i l ine  and N- ( lm-d-ga lac ty l ) -2 -n i t ro -5 - t r i f luoromethy lan i l ine .  These 
were obtained in a s i m i l a r  m a n n e r  to XII and were c rys ta l l i zed  f rom water .  

N- (~ -Hydroxye thy l ) -5 -me thy l -2 -n i t ro -4 - t r i f l uo romethy lan i l i ne  (XIII). A mixture  of 0.9 g (0.004 mole) of XI and 
0.85 g (0.0014 mole) of monoethanolamine was boiled in butanol for  8 hr.  The butanol w a s d i s t i l l e d  off in vacuum, the 
res idue  was t rea ted  with water  and the bright  yellow substance was f i l te red  off and crys ta l l ized  f rom aqueous methanol.  

N- ( f l -Hydroxye thy l ) -2 -n i t ro -4- t r f f luoromethy lan i l ine  and N-( f i -hydroxye thy l ) -2 -n i t ro -5- t r f f luoromethy lan i l ine .  
These were obtained in a s im i l a r  manne r  to XIII. In the la t te r  case the n i t roamine  separated out in the c rys ta l l ine  
form when the butanol was dis t i l led off. 

9 - ( f l -Hydroxyethyl ) -7-methyl -6- t r f f luoromethyl i soa l loxaz ine  (VII). Compound XIII (1 g; 0.0038 mole) was 
hydrogenated in acetic acid solution as descr ibed  above. Then the acet ic  acid solution of the o-d iamine  was poured into 
a mixture  of 0.9 g (0.0064 mole} of alloxan and 0.95 g of boric  acid in 20 ml  of acetic acid. The reac t ion  mixture  was 
kept in the boil ing water  bath for 2 hr  30 rain, the acetic acid was evaporated in vacuum to 1/4 of its or iginal  volume, 
the res idue  was poured into water  and the yellow prec ip i ta te  that deposited was f i l tered off, washed with water  and 
with ethanol, and c rys ta l l i zed  f rom 70% acetic  acid. 

Compounds VIII and IX were obtained in a s i m i l a r  manne r  to VII. 
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