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New t r i f l u o r o m e t h y l  ana logs  of r ibof lav in  have been syn thes ized  for  b io log ica l  t e s t s .  The syn thes i s  of the 
i n t e r m e d i a t e  p r o d u c t s  - 5 - c h l o r o - 2 - m e t h y l - 4 - n i t r o b e n z o t r i f l u o r i d e  and 3 - c h l o r o - 6 - m e t h y l - 2 - n i t r o b e n z o -  
t r i f l u o r i d e  - has  been developed.  

Studying one of the methods  for  the  modif ica t ion  of the r ibof lav in  molecu le ,  namely  the r e p l a c e m e n t  of one of i ts 
methyl  groups  by a t r i f l u o r o m e t h y l  group,  we p r e v i o u s l y  p r e p a r e d  6 - t r i f l u o r o m e t h y l - ,  7 - m e t h y l - 6 - t r i f l u o r o m e t h y l - ,  and 
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 s  with v a r i o u s  subs t i tuen t s  on N s [2]. In o r d e r  to s tudy the i n t e r r e l a t i onsh ip  of s t r u c t u r e  
and p r o p e r t i e s ,  including b io log ica l  ac t iv i ty ,  the n e c e s s i t y  a r o s e  for  syn thes iz ing ,  in addi t ion to the t r i m e t h y l  d e r i v a t i v e s  
of i soa l loxaz ine  ment ioned,  the 7 - t r i f l u o r o m e t h y l  r ibof lav in  analogs  i s o m e r i c  with them having the following fo rmulas :  

~9 I RB=CH3, Rg= D-r ib i ty l  
F3Cxxc~N, .~ ,~ . .~  O , r  II R6 =CH,, Rg= D-galactityl 

I. [~ l |  Ill R6= CH a, Rg=CH2CH2OH ; 
R / ~ . f i ~  NH IV R 6 = H, R~ = n-galactityl 
~ II 

I - IV  O 

The p r e s e n t  p a p e r  d e s c r i b e s  the  syn thes i s  of 6 - m e t h y l - 9 - ( D - r i b i t - l ' - 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  (I), which 
has  been r e p o r t e d  b r i e f l y  p r e v i o u s l y  [3], and of 9 - ( D - g a l a c t i t - l ' - y l ) - 6 - m e t h y l - 7 - t r i f l u o r o m e t h y l - ,  6 -me thy l -9 -{ f l -hy -  
d r o x y e t h y l ) - 7 - t r i f l u o r o m e t h y l ,  and 9 - ( D - g a l a c t i t - l ' - 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 s  (ID, (HI), and (IV). The syn thes i s  
of  compounds I-IV was ef fec ted  by a method s i m i l a r  to that  for  the p r e p a r a t i o n  of the f lavins  [2], cons i s t ing  in the r e -  
p l a c e m e n t  of the ch lo r ine  in 5 - c h l o r o - 2 - m e t h y l - 4 - n i t r o b e n z o t r i f l u o r i d e  (V) o r  in 3 - 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  [2] 
by an amino  a lcohol  r e s i d u e ,  the  reduc t ion  of the  r e su l t i ng  n i t r oa mine  to a p r i m a r y - s e c o n d a r y  c - d i a m i n e ,  and the con-  
densa t ion  of the l a t t e r  with a l loxan.  Compound V was obtained in the following way, s t a r t i ng  f rom 5 - a c e t y l a m i n o - 2 - m e t h -  
y l benzo t r i f l uo r ide  (VI) [3]. 

1 F 3 C \ ~ / N H  Ac HNO3 

. c / ~  " ~c---'~'~--Ac ~ . .  
S VI .~4, 0 

*' VIII 

NO 2 NO 2 
F3C~./I~/N HAc f i ' - '  , NaOH F 3 C \ ~ / C I  F~C\ /~ /N H 2 NO2 

HaC/" ~ X  H3C/ "~ H3C/" ~ 

The n i t r a t ion  of VI with ace ty l  n i t r a t e  l e a d s  to two i s o m e r i c  o - n i t r o a m i n e s :  5 - a m i n o - 2 - m e t h y l - 4 - n i t r o b e n z o t r i -  
f luor ide  (VIII) and 3 - a m i n o - 6 - m e t h y l - 2 - n i t r o b e n z o t r i f l u o r i d e  (X). T h e i r  s t r u c t u r e s  we re  conf i rmed  by reduc t ion  to the 
o - d i a m i n e s  and the d iazo t i za t ion  of the l a t t e r .  In th is  p r o c e s s  the n i t roamine  VIII gave a benzo t r i a zo l e  ident ica l  with 
the  6 - m e t h y l - 5 - t r i f l u o r o m e t h y l b e n z o t r i a z o l e  d e s c r i b e d  in the l i t e r a t u r e  [4], and the n i t roamine  X gave the p r e v i o u s l y  
unknown 5 - m e t h y l - 4 - t r i f l u o r o m e t h y l b e n z o t r i a z o l e  (XII). Compound VIII was obtained f a i r l y  unambiguous ly  by the n i t r a -  
t ion of VI with n i t r a t ing  mix ture .  

Compounds VIII and X, a f t e r  d iazo t i za t ion  and the r e p l a c e m e n t  of the d iazonium group by ch lor ine ,  gave,  r e s p e c -  
t i ve ly ,  5 - c h l o r o - 2 - m e t h y l - 4 - n i t r o b e n z o t r i f l u o r i d e  (V) and 3 - c h l o r o - 6 - m e t h y l - 2 - n i t r o b e n z o t r i f l u o r i d e  (XI). The l a t t e r  
was of i n t e r e s t  for  the syn thes i s  of t r i f l u o r o m e t h y l  ana logs  of i so r ibof lav in ,  but the ch lor ine  in th is  compound could not 
be r e p l a c e d  by any amine  r e s i d u e .  

*Fo r  p a r t  V, see  [1]. 
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Table 1. 7 -Tr i f luo romethy l i soa l loxaz ines  

' formula " 

Found, % Calculated, % 

R6 R~ Mp, ~ ~' Empirical 

N F N F 

236--237 I CHz D-Ribityl CITHITF3N406 13,2 13,0 13,0 13,1 
II CH3 D-Galactityl 232--2331 CIsHIgF3N407 11,7 12,3 12,2 12,4 

CH2CH2OH C~4HHF~N403 16,6 17,2 16,4 16,8 III  C~3 >300 
IV D-Galactityl 227--228 CI7HITF3N407 12,3 13,2 12,6 12,8 

*Melts with decomposit ion;  I, II, and IV were r e c r y s t a l l i z e d  f rom 
water ,  and III f rom 70% AcOH. 

Calculated on the in te rmedia te  n i t roamines .  

55 
51 
65 
41 

EXPERIMENTAL 

Nitra t ion of 5 -ace ty l amino-2 -me thy lbenzo t r i f l uo r ide  (VI). A) The n i t ra t ion  of VI with acetyl n i t ra te  was ca r r i ed  
out in a s i m i l a r  manner  to the n i t r a t ion  of 3 -ace ty laminobenzo t r i f luor ide  [5]. During the react ion,  the 3 - a c e t y l a m i n o - 6 -  
me thy l -2 -n i t robenzo t r i f l uo r ide  (IX), mp 146~ (from aqueous ethanol) deposited f rom the reac t ion  mixture .  Found %: 
N 10.7; F 21.7. C10HgFaN203. Calculated %: N 10;7; F 21.8. To separa te  the 5 - a m i n o - 2 - m e t h y l - 4 - n i t r o b e n z o t r i f l u o r i d e  
(VIII) and the 3 - a m i n o - 6 - m e t h y l - 2 - n i t r o b e n z o t r i f l u o r i d e  (X), gaseous HC1 was passed  through the i r  benzene solution. 
The f locculent  p rec ip i ta te  of the hydrochlor ide of X that deposited was f i l te red  off and t rea ted  with aqueous ammonia ,  
and the X was c rys ta l l i zed  f rom pe t ro leum ether ,  mp 73~ Found %: N 13.2. C8H?F2N202 . Calculated %: N 12.7. 
After  the benzene had been blown off and the res idue  had been c rys ta l l i zed  f rom aqueous ethanol,  VIII was obtained with 
mp 108~ Found %: N 12.6; F 25.8. CsHTF3N202. Calculated %: N 12.7; F 25.9. The yield of each i somer  was.45%. 

B) At 0~ g (14mM)of  VI was added in smal l  por t ions  to a n i t ra t ing  mixture  cons is t ing  of 1 ml of HNO3 (d 1.5) 
and 3 ml of H2SO 4 (d 1.84), and the mixture  was kept at  0~ for 2 hr and was then poured onto ice and made s t rongly 
a lkal ine  with 20% NaOH solution, and the VIII was dis t i l led  off with s team; mp 108~ (from aqueous ethanol).  Yield 2.2 g 
(80%). 

5-Methyl ,~4- t r i f luoromethylbenzotr iazole  (XII). This  was obtained in a s i m i l a r  manner  to 6 - m e t h y l - 5 - t r i f l u o r o -  
methylbenzot r iazole  [4]; co lo r l e s s  subs tance  readi ly  subl iming at 160-180~ mp 213~ (from aqueous ethanol).  Found%: 
N 21.2. CsH6F3N 3. Calculated %: N 20.9. 

5 - C h l o r o - 2 - m e t h y l - 4 - n i t r o b e n z o t r i f l u o r i d e  (V). At 15-20~ a solution of 5 g (23 raM) of VIII in 10 ml of glacial  
acet ic  acid was added slowly to a solut ion of 1.75 g (25 rnM) of NaNO 2 in 12 ml of H2SO4, d 1.84, and the mix ture  was kept 
for 30 rain; the resu l t ing  d iazonium solution was poured  into a solution of 2.5 g (25 raM)of cuprous chloride in 10 ml of 
conc. HC1 and the mixture  was heated in the water  bath for 20 min and then diluted with water ,  and the product  was ex-  
t rac ted  with ether .  The e therea l  ex t rac ts  were  washed with water ,  with 20% sodium carbonate ,  and with water  again 
and were dr ied with CaC12, the e ther  was evaporated off, and the V was dis t i l led  in vacuum, bp 109-110~ (8 ram), mp 
45~ (from aqueous ethanol).  Yield 4.4 g (81%). Found %: N 6.2; C1 15.0. CsH~C1F3NO 2. Calculated %: N 5.8; C1 14.8. 

3 - C h l o r o - 6 - m e t h y l - 2 - n i t r o b e n z o t r i f l u o r i d e  (X-I). This  was obtained in a s i m i l a r  manner  to V. After  dilution of 
the reac t ion  mixture  with water ,  the l ight yellow prec ip i ta te  of XI was f i l te red  off and washed with 10% HC1 and with 
water ;  mp 78~ (from aqueous ethanol).  Yield 77%. Found %: N 6.2; C1 14.7. CsHsC1F3NO2~ Calculated %: N 5.8; Cl14.8.  

4 - M e t h y l - 2 - n i t r o - N - ( D - r i b i t - l - y l ) - 5 - t r i f l u o r o m e t h y l a n i l i n e  (XIII). A mixture  of 2 g (8.4rnM)of V and 4.5 g of 
80% 1 - a m i n o - l - d e o x y r i b i t o l  was boiled in isoamyl  alcohol for  16 hr,  the solution was decanted f rom the r e s in ,  and cooled, 
and the XIII was f i l te red  off, mp 156~ (from water).  Yield 0.95 g (32%). Found %: N 8.0; F 16.1. C13HITF3N20 ~. Cal-  
culated %: N 7.9; F 16.0. 

N - ( D - G a l a c t i t - l - y l ) - 4 - m e t h y l - 2 - n i t r o - 5 - t r i f l u o r o m e t h y l a n i l i n e  (XIV). This was obtained in a s i m i l a r  manner  to 
XIIL Yield28%. Mp 226~ (from aqueous ethanol).  Found %: N 6.7; F 15.2. C14H19F3N207. Calcuiated %: N 7.3; F 14.8. 

N- f l -Hydroxye thy l ) -4 -me thy l -2 -n i t ro -5 - t r i f l uo rome thy l an i l i ne  (XV). A mix tu re  of I g (4.2 mM) of V and 0.92 g (15 
raM) of e thanolamine  was boiled in butanol for 12 hr. The butanol was dis t i l led  off in vacuum, the res idue  was washed with 
water ,  and the red c rys t a l s  of XV were  f i l te red  off. Yield 0.8 g (73%), mp 131~ (from pe t ro leum ether) .  Found %: 
N 10.9; F 21.2. C10HI1F3N203. Calculated %: N 10.6; F 21.6. 
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6 - M e t h y l - 9 - ( D - r i b i t - l - 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  (I). In 20 ml of ethanol in the p r e s e n c e  of Raney nickel ,  
0.7 g (2 raM)of  XIII was r educed  with hydraz ine  hydra te ,  the ca t a ly s t  was f i l t e r e d  off, the a lcohol  was evapora t ed  in v a c -  
uum, and the r e s idue  was washed  with wa te r .  The white p r e c i p i t a t e  of the o - d i a m i n e  was f i l t e r ed  off, d r i ed ,  and d i s so lved  
in 5 ml of a ce t i c  ac id ,  and the so lu t ion  was added to a mix tu re  of 0.45 g (3.2 raM) of a l loxan and 0.47 g of bo r i c  ac id  in 30 
ml of ace t i c  ac id .  The mix tu re  was  kept  a t  40~ for  1 hr  and at  room t e m p e r a t u r e  for  2 days .  The highly f l uo re scen t  
solut ion was f i l t e r e d  and evapo ra t ed  in vacuum to d r y n e s s ,  the r e s idue  was t r e a t e d  with e the r ,  the ye l low-brown  p r e -  
c ip i t a t e  was f i l t e r e d  off and d i s s o l v e d  in the min imum amount  of ethanol  (in the cold),  and the ! was p r e c i p i t a t e d  with 
e the r .  Compounds II, III, and IV* were  obtained s i m i l a r l y .  The phys i ca l  cons tan ts ,  e l e m e n t a r y  ana ly se s ,  and y ie lds  
of the f lavins  I-IV a r e  given in the tab le .  
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* F o r  the syn thes i s  of N - ( D - g a l a c t i t - l - y l ) - 2 - n i t r o - 5 - t r i f l u o r o m e t h y l a n i l i n e ,  see  [2]. 
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