
and the prec ip i ta ted  XXI was r e m o v e d  by f i l t ra t ion and washed with water .  Compounds XVI, XVII, and XX 
(light-brown), XVIII {orange), XIX (light-yellow), and XXI (red) were  obtained as c rys ta l l ine  subs tances  and 
were  pur i f ied for  anaIysys  by c rys ta l l i za t ion  f r o m  glacia l  acet ic  acid (XVI-XIX) 50% acet ic  acid (XX), o r  di-  
me thy l fo rmamide  (DMF) (XXI). 

•-pheny•-3-(p-dimethy•aminopheny•imin•)-6•8-dimethy•imidazo•in•[1'2-f]xanthin-2-•ne (XXII, Table 
2). A 1.5-g (0.01 mole) sample  of p-n i t rosodimethylan i l ine  and two to th ree  drops of piperidine were  added 
to a suspension of 3.11 g (0.01 mole) of XV in 80 ml  of ethanol,  and the mixture  was ref luxed for  24 h. The 
solvent was r emoved  by dist i l lat ion to dryness ,  and the res idue was washed with e the r  and purif ied by r e -  
prec ip i ta t ion  f r o m  ethanol  solution by the addition of e ther .  

3 -Ary lazo-6 ,8 -d imethy l imidazo l ine [1 ,2 - f ]xan th in -2-ones  (XXIII-XXV, Table 2). A mix ture  of 0.01 mole 
of XIII o r  XV, 2.5-3.5 g of  anhydrous sodium aceta te ,  and 0.011 more  of a rendediazonium te t ra f luorobora te  
in 25-40 ml  of glacia l  acet ic  acid was heated on a boi l ing-water  bath for  20-30 min,  a f te r  which it was cooled 
and diluted with 60-80 ml  of water .  The prec ip i ta ted  azo compounds (XXIII-XXV) were  r emoved  by f i l t ra t ion 
and washed with wa te r  and methanol .  

Crys ta l l ine  XXIII and XXV (yellow) andXXIV (orange) we re  pur i f ied fo r  analysis  by c rys ta l l i za t ion  f rom 
glac ia l  acet ic  acid (XXIV) and DMF (XXIII) o r  by reprec ip i ta t ion  f r o m  DMF by the addition of wa te r  (XXV). 
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R E S E A R C H  ON R I B O F L A V I N  A N A L O G S  

VIII.* 7 -TRIFLUOROMETHYL-8-C HLOROISOALLOXAZINES 

N.  A.  P l a s h k i n a ,  V .  I .  T r o i t s k a y a ,  
Z .  V .  P u s h k a r e v a ,  a n d  T .  P .  R y a p a s o v a  

UDC 547.865.7'853 

A number  of 7 - t r i f l u o r o m e t h y l - 8 - c h l o r o - 1 0 - R - i s o a U o x a z i n e s  (where R = H, CH 3, CH2CH2OH, 
r ib i ty l ,  galactyl ,  sorbi ty l ,  and rhanmityl)  and 7 - t r i f luo romethy l -  8- (/3-hydroxyethyl) aminoiso a l -  
loxazines with subst i tuents  such as r ib i ty l  and/~-hydroxyethyl  in the 10 posit ion were  synthe-  
s ized.  

Replacement  of the hydrogen a toms in a metaboli te  molecule  by fluorine a toms or  r ep lacement  of a 
methyl  group by a chlorine atom, which have quite close van der  Waals radii ,  is one of the proven methods for  
modificat ion of metabol i te  molecu les .  

We have prev ious ly  r epor t ed  the synthesis  of 7- o r  8 -mono-  and 7 ,8-bis( t r i f luoromethyl)  analogs of 
r iboflavin [1]. The a im of the p resen t  r e s e a r c h  was the synthes is  of 7 - t r i f l uo romethy l -8 -ch lo ro  der iva t ives  of 

* See [1] for  communicat ion  VII. 

S. Mo Kirov Ura l  Polytechnic Inst i tute,  Sverdlovsk.  Insti tute of Organic  Chemis t ry ,  Academy of Sciences 
of the Ukrainina SSR, Kiev. T rans l a t ed  f rom Khimiya Getero ts ik l ichesk ikh  Soedinenii, No. 8, pp. 1136-1139, 
August, 1976. Original  ar t ic le  submit ted  Sep tember  19, 1975. 
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isoalloxazine, which are new analogs of riboflavin and well-known antagonists of riboflavin [2-4], as well as 
a study of the possibil i ty of the use of the reactive chlorine atom in 7- t r i f luoromethyl-8-chloroisoal loxazine  
for the synthesis of a number  of 8-amino derivatives of isoalloxazine, the interest  in which is due to data on 
the high antivitamin activity of 8-amino-  and 8-r ib i ty lamino-8-norr ibof lavin  [5]. 

The synthesis was ca r r i ed  out via the scheme presented below: 

El i ' ~ C I  

CF3 ~ / ~ N O  2 

I 

~ N H2--R 
II a-g 

v r , R I t 
' I cI..F~F~N, H~.~. .NH Raney Ni tin SH I CI-..,..@NH t R a n e y  Ni  

L k ..1 
11 I I I  

O y  N...~O..&." a -g 

[I R 
o I 

C I ' x ~ N ~ N y  O N H2CI-I2CH2OH 

0 
wa-g 

v / u 

O:~,./N H 
R' R I 

I o 

o 
Vl, VII 

I I - IVa R=H: b R=CH3; c R=CH2CH2OH; d R=ribityl; e R=galactyl; f R=sorbRol; 
g R=rhamnityl; V R=CH2CH2OH; VI R'=R=CH2CH2OH; VII R=ribityl, 

R'= CH~CHaOH 

Only the chlorine atom in the 4 position undergoes replacement  in the reaction of 2 ,4 -d ich loro-5-n i t ro -  
1- t r i f luoromethylbenzene I [6] with ammonia or  alkylamines under mild conditions to give nitroanilines III 
(Table 1), reduction of which and subsequent condensation with alloxan gives 7 - t r i f luoromethyl -8-ch loro i soa l -  
loxazines IV (Table 2). 

Replacement of the chlorine atoms in I by a f i-hydroxyethylamine residue under more severe conditions 
leads to diamine V. 

In an attempt to synthesize 8-alkylamino-subst i tuted isoalloxazines via the scheme presented above 
star t ing f rom V we obtained a complex mixture of reaction products,  f rom which a small  amount of 7 - t r i -  
f luoromethyl-  8- (fi -hydroxyethyl) amino-10-  (fi -hydroxyethyl) iso alloxaz ine {VI) was isolate d by th in- layer  chroma-  
tography (TLC). 

The UV spec t ra  of IVa-g, VI, and VII are charac te r ized  by three absorption bands (Table 2). As one 
should have expected, a hypsochromic  shift of the middle band due to the introduction of the e l ec t ron-accep te r  
CF~ group is observed in the spec t ra  of 7- t r i f luoromethyl-8-chloroisoal loxazines  as compared with the spec t ra  
of riboflavin. The introduction of an alkylamino group into the isoalloxazine molecules leads to deepening of 
the color  and bathochromic shift of the long-wave absorption bands (451 nm for riboflavin) [7]. 

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

The UV spect ra  of alcohol solutions of the flavins were recorded  with a P . e rk in -E lmer  402 spectrophoto-  
meter .  Th in- layer  chromatography (TLC) was ca r r i ed  out on Silufol UV-254 in the following sys tems:  A) 
wa te r - sa tu ra t ed  butyl alcohol; B) propyl a lcohol -0 .2  N NH4OH (3:1).  

2 -Ch lo ro -4 -amino-5 -n i t ro - l - t r i f luo romethy lbenzene  (IIIa). A solution of 1 g (4 mmole) of I in 10 ml 
of ethanol saturated with ammonia was heated at 150 ~ for 8 h, after which it was cooled, and the alcohol was 
par t ia l ly  evaporated.  The residue was diluted with water,  and the result ing precipitate was removed by fi l-  
t ra t ion and dried. Recrysta l l izat ion f rom aqueous alcohol gave yellow plates. 

2 -Ch lo ro -4 -methy lamino-5 -n i t ro - l - t r i f luo romethy lbenzene  (IIIb). A s t r eam of methylamine was bub- 
bled through an inee -cooled solution of 1 g (4 mmole) of 2 ,4 -d ich lo ro -5-n i t ro - l - t r i f luoromethy lbenm ne in 
10 ml of ethanol. A precipitate began to form after a short  t ime.  Methylamine was bubbled through the mix-  
ture  for another 20 min, after  which the precipitate was removed by filtration. Dilution of the filtrate with 
water  yielded an additional amount of nitro amine IIIb. Recrysta l l izat ion f rom aqueous methanol gave plates 
of IIIb. 
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2-Chloro-4- ( f l -hydroxye thy l )amino-5-n i t ro - l - t r i f luoromethy lbenzene  fflIc). A solution of 0.5 g (8 mmole) 
of monoethanolamine in3  ml of methanol was added to a solution of 1 g (4 mmole) of d i ch lo ro - l - t r i f l uo ro -  
methylbenzene I in 7 ml of methanol, and the mixture was refluxed for 10 rain. It was then diluted with 20 
ml of water,  and the result ing precipitate was removed by fil tration and dried. Recrystal l izat ion from aque- 
ous ethanol gave plates of IIIc. 

Tr i f luoromethylbenzenes  (IIId-g). A mixture of 5 mmole of I and 10 mmole of the appropriate glyeamine 
in 30 ml of ethanol was refluxed for 5 h, and the result ing precipitate was removed by filtration. The alcohol 
was vacuum evaporated to one-fourth  of the original  volume of the mixture,  and the residue was diluted with 
water  to give an additional amount of the nitro amine. Compounds IId, f were crys ta l l ized f rom aqueous ethanol, 
and IIIe, g were c rys ta l l ized  f rom ethanol. 

2 ,4-Bis ( f i -hydroxyethyl )amino-5-n i t ro- l - t r i f luoromethylbenzene  (V). A solution of 3.2 g (50 mmole) of 
monoethanolamine in 15 ml of butanol was added to a solution of 2.6 g (10 mmole) of t r i f luoromethylbenzene 
I in 15 ml of butanol, and the mixture was refluxed for 6 h. The solvent was part ial ly evaporated,  and the 
residue was diluted with water .  The resul t ing precipitate was removed by fil tration and crys ta l l ized  f rom 
methanol to give a mixture of V and IIIc, which were separated through thei r  different solubilities in ethanol. 
Workup gave 1.43 g of V and 0.6 g of IIIc. 

7 -Tr i f luoromethyl -8-ch loro isoa l loxaz ines  (IVa-g). A solution of 2 mmole of nitro amines I I Ia-g  in 50 
ml of acetic acid was reduced in the presence  of Raney nickel. The solution was f i l tered to remove the catalyst ,  
and the solution of the o-phenylenediamine was added to a suspension of 6 mmole of alloxan and 6 mmole of 
bor ic  acid in 50 ml of acetic acid. The result ing solution was heated at 60" for 6 h in the case of IVa and at 
25" for 1-2 days in the case of flavins IVb-g. The solvent was vacuum evaporated to dryness ,  and the residue 
was washed with e ther  until the odor of acetic acid vanished. Isoalloxazines IVa-b were crys ta l l ized f rom 
a l c o h o l - w a t e r - a c e t i c  acid (1 : 1 : 1), and IVe-g were crys ta l l ized  f rom water and w a t e r - a c e t i c  acid. 

7-Tr i f luoromethyl-8-a lkylaminoisoal loxazines  (VI, VII). A mixture of 1 mmole of 8-chloroisoal loxazines 
IVc, d and 2.5 mmole of monoethanolamine in 15 ml of dimethylformamide (DMF) was heated with vigorous 
s t i r r ing  at 120 ~ for 5 h. The DMF was removed by vacuum distillation, and the residue was crys ta l l ized f rom 
methanol and ethanol. The physical  constants,  spect ra l  charac te r i s t i cs ,  and yields of VI and VII are represented 
in Table 2. 
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