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CONVENIENT SYNTHESIS OF 5-TRIFLUOROMETHYL-3-OXAZOLINES AND 

5-TRIFLUOROMETHYLOXAZOLES 

X 
Yasuhiro Kamitor i .  Masaru Hojo. Ryoichi Masuda, Toshiya Takahashi. 

and Masaaki Wada 

Department o f  I n d u s t r i a l  Chemistry. Facu l t y  o f  Engineering, 

Kobe Un i ve rs i t y .  Kobe 657. Japan 

Abst rac t -  Aldehyde tert-butyl(methy1)hydrazones were acylated w i t h  tri- 

f l u o r o a c e t i c  anhydride t o  a f f o rd  3- te r t -bu ty l  (methyl )hydrazono-1.1. l-tri- 

fluoroalkan-?-ones (A) i n  good y i e l ds .  Several 5-hydroxy-5-tr i f luoro- 

methyl-3-oxazolines (A) were success fu l l y  synthesized by t he rma l l y  induced 

r e a c t i o n  o f  Qadsorbed on s i l i c a  gel .  Treatment of z w i t h  POC13/pyridine 

and subsequent dehydroch lor ina t ion  w i t h  d i i sopropy le thy lamine gave 5- 

t r i f l uo rome thy loxazo les  (2) i n  h i gh  y i e l ds .  

F luor ine-contain ing heterocycles are very a t t r a c t i v e  t a r g e t  f o r  many syn the t i c  o rgan i c  

chemists because o f  t h e i r  p o t e n t i a l  b i o l o g i c a l  a c t i v i t i e s . '  Recent ly  we repo r ted  a  

novel c y c l i z a t i o n  reac t i on  o f  3 -d ime thy lhyd razono -1 .1 .1 - t r i f l uo roa l kan -20  (1) which 

are e a s i l y  prepared from aldehyde dimethylhydrazones and t r i f l u o r o a c e t i c  anhydride, 2.3 

a f f o rd ing  t r i f l uo rome thy l im idazo les  (L) and (s.~ A product  obtained f r o m l  i n  

r e f l u x i n g  to luene was main ly  5 - t r i f luoromethy l im idazo le  (2). whereas 4 - t r i f l uo rome thy l -  

imidazole (3) - was exc lus i ve l y  obtained when l w a s  heated i n  t h e  presence of s i l i c a  ge l .  

S i m i l a r l y  3-tert-butyl(methy1)hydrazono-1.1.1-trifluoroal kan-2-ones (4) a lso  a f f o rded  

the  corresponding 5- t r i f l uoromethy l im idazo les  (2') as a  so le  p r ~ d u c t . ~  However 

behavior o f 4  under t h e  cond i t i on  of t h e  thermal r e a c t i o n  i n  t he  presence of s i l i c a  g e l  

was q u i t e  d i f f e ren t .  None o f  t h e  expected 4- t r i f luoromethy l im idazo les  (31) was formed 

i n  t h i s  react ion,  b u t  5- t r i f luoromethyl -3-oxazol ines (5) was main ly  obta ined i ns tead  o f  

3'. These r e s u l t s  prompted us t o  develop a  new convenient syn the t i c  method a f fo rd ing  5 - 
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1 Scheme ? 1 

R ' (CF3COhO 
I 2.6-lutidine R' COCF3 

M e ~ N , N 6 R 2  C 
room temperature Me' 

and 5- t r i f luoromethyloxazoles (k). 
Several 4 were prepared from the  corresponding aldehydes by an usual  manner. 2'3 Thus 

obta ined adsorbed on s i l i c a  g e l  was heated a t  80°C f o r  42 h  under n i t r ogen  t o  a f f o r d  

4-(p-toly1)-5-trifluoromethyl-3-oxazoline (z) and C(R= 4-MeC6H4) i n  a  r a t i o  o f  71/29. 

A t  lower temperatures, t h e  p ropo r t i on  o f  % i n  crude products was s l i g h t l y  increased b u t  

t h e  r e a c t i o n  became very  sluggish. We found t h a t  smal l  amounts of water suppressed t h e  

formation o f  2' e f f e c t i v e l y ,  l ead ing  t o  h igher  y i e l d s  of z. The r e a c t i o n  of 4 b ( l  

mmol) a t  70°C w i t h  t he  use o f  wet s i l i c a  g e l  (3 g  of s i l i c a  g e l  and 0.12 ml o f  water)  

gave t he  bes t  r e s u l t .  Under t h i s  r e a c t i o n  cond i t ion ,  no 3 was obta ined and i s o l a t e d  

y i e l d  of a f t e r  column chromatography became 504. 

5  6 We a l so  t r i e d  t h e  r e a c t i o n  w i t h  t h e  use of alumina and molecular  s ieves . b u t k w a s  n o t  

obta ined i n  bo th  cases. We cou ld  d e t e c t  t he  format ion o f  5 when Qwas heated i n  a c e t i c  
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Table 1. 3-Hydroxy-5-trifluoromethyl-3-oxazolines (2). 

Product y i e l d a  mp. 'C 'H nmr (CDCI~ITMS)~ 

R~ % (so lven t )  6 

67 90.5 

(cyclohexane) 

50 120.5 

(cyclohexane) 

43 118.5 

(cyclohexane) 

48 128.0 

(cyclohexane 

/benzene) 

44 119.0 

(cyclohexane) 

32 d 
160/4 t o r r  

h 47 d - 140/4 t o r r  

2.65-3.13 (br. 1H. OH). 5.46-6.00 (ABq. J= 15 

Hz. 2H. CH2). 7.35-7.65. 7.98-8.19 (in. 5Harom) 

2.35 (s. 3H. CH3). 3.15-4.10 (br ,  1H. OH), 

5.50-5.87 (ABq. J= 14 Hz. 2H. CH?). 7.15. 

7.90 (d. J= 8 Hz,4Harom ) 

2.51-2.91 (br. 1H. OH). 3.81 (s, 3H. 0CH3), 

5.50-6.00 (ABq. J= 15 Hz. 2H. CH2). 6.92. 8.05 

(d. J= 8 Hz,4Harom ) 

3.20-3.45 (br. 1H. OH). 5.70-5.93 (ABq, J= 15 

Hz. 2H. CH2). 7.42. 8.02 (d. J= 8 Hz. 4Harom) 

3.70-4.25 (br. OH. 1H). 5.51-6.05 (ABq. J= 15 

Hz. 2H. CH2). 8.20 ( 5 ,  4Harom) 

2.33 (5. 3H. CH3). 3.40-3.69 (br .  1H. OH), 5.69 

(s. ZH. CH2). 7.05-7.23, 7.50-7.72 (m. 4Harom) 

0.79-2.70 (m. 15H. n-C7H15). 3.70-4.13 (br. 1H. 

OH). 5.50 (s. 2H. CH2) 

0.83-2.80. 1.57, 1.65 (m. s and s. 16H, CH3. 

CH2. CH). 2.53-3.74 (br. 1H. OH). 5.00 (t. J= 

7 Hz, 1H. =CH-). 5.30-5.67 (s ,  ZH. NCH 2 0) 

a) Y ie l ds  r e f e r  t o  pure i s o l a t e d  compounds. b )  Uncorrected, measured w i t h  a Mitamura 

Rlken model 7-12 apparatus. c )  Recorded a t  60 MHz on a JEOL PMX 60SI. d )  Oven 

temperature of Kugelrohr d i s t i l l a t i o n .  
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ac id  conta in ing  small  amounts of water. However t h e  y i e l d  o f ,& in  t h i s  reac t i on  was 

very low presumably because hydro lys is  o f 4 o r  i n i t i a l l y  formed A w e r e  occurred t o  

produce 1.1.1-trifluoroalkan-2.3-diones as the  main products . 
Under t h e  optimum cond i t ions  f o r  ?& w i t h  t he  use of wet s i l i c a  gel ,  e-awere a l so  

successfu l ly  converted t o  t he  corresponding 5a-f. I n  t he  cases of 49 and %where R i s  -- - 
a l i p h a t i c  groups, t he  reac t i on  lead ing  t o  t he  corresponding 59 and 5h, respec t ive ly ,  - - 
proceeded more r a p i d l y  and completed w i t h i n  4 h. I n  contrast .  L d i d  n o t  af ford L e v e n  

w i t h  t he  use o f  wet s i l i c a  gel, and 3-isopropyl(rnethyl)hydrazono-l.l,l-trifluoroalkan-2- 

ones, under t h e  same reac t i on  condi t ions,  gave minor amounts o f A t o g e t h e r  w i t h  1- 

isopropyl-4- t r i f luoromethyl imidazoles as major products. Bulkiness of  a t e r t - b u t y l  

group i n 4  d e f i n i t e l y  p lays an important  r o l e  i n  t h e  reac t i on  t o 5  

As f o r  conversion o f z t o  t h e  corresponding oxazoles (5). several  dehydrat ion methods 

were examined. However2  res i s ted  toward convent ional  dehydrat ion reagents and 

ca ta lys ts ,  and, therefore, a l l  attempts t o  access L d i r e c t l y  from k r e s u l t e d  i n  f a i l u r e .  

Two steps conversion i nc lud ing  c h l o r i n a t i o n  o f  L a n d  subsequent dehydroch lor ina t ion  was 

success fu l l y  performed fo r  t h i s  conversion. Thus 5b was t r e a t e d  w i t h  2.4 molar equiv. - 
of POC13 i n  t h e  presence of pyr id ine .  Main product  o f  t h i s  r eac t i on  was c h l o r i d e  (5:). 

but  a small  amount of  t h e  expected oxazole (E) was a lso  detected i n  t he  reac t i on  

mixture. Th is  suggests t h a t  dehydroch lor ina t ion  o f  9' undergoes a f t e r  i n i t i a l  

conversion o f  t o  2' under t h i s  reac t i on  cond i t ion .  Therefore one-pot conversion o f  

POCI,, pyridine in CHCI3 
5 

room temperature. 2 h 
O CF3 

5' 6 

i-Pr2NEt or DBU in CHCI3 
w 6 

room ternDerature. 2 h 
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Table 2. 5-Tr i f luoromethyloxazoles (6-1. 

Product y i e l d a  bpb H nmr (CDCI~ITMS)~ 

R~ Z W t o r r  6 
~ - -  

6a P h 72 6816 7.10-7.68 (m, 5Harom). 7.73 (s. 1H. CH) 

(16) 

6b 4-MeC6H4 - 80 5715 2.37 (s. 3H. CH3), 7.13. 7.67 (d. J= 8 Hz. 

(49) 4Harom). 7.78 (s. 1H. CH) 

6c 4-MeOC6H4 
d 

89 10016 3.77 (s. 3H. CH3). 6.86. 7.58 (d. J= 9 Hz, 

(31) 4Harom), 7.83 (s, 1H. CH) 

6d 4-C1C6H4 
w 

73 7015 7.27-7.80 (q ,  J= 8 Hz. 4Harom). 7.89 (s, 1H. 

(43) CH) 

6e 4-02NC6H4 (79) - 71.5 7.85, 8.28 (d. J= 9 Hz, 4Harom), 8.03 (s. 1H. 

(cyclohexane) CH) 

69 n-C7H15 - 76 8015 0.67-2.00 (m. 13% n-C6H13). 2.63 (t. J= 7 Hz. 

(27) 2H. n-C6H13CH2). 7.72 (s. 1H. CH) 

6 49 

r 

- 9014 0.88. 1.58, 1.66. 1.00-2.67 (d, s, s and m. 

16H. CH3. CH2. CH). 4.97 (t. J= 7 Hz. 1H. 

=CH-). 7.67 (s. 1H. OCH) 

a) Y ie lds  r e f e r  t o  pure i s o l a t e d  compounds. Di isopropylethylamine was used f o r  

dehydrochlor inat ion.  Y ie lds  i n  parentheses are those when DBU was used. b)  Oven 

temperature o f  Kugelrohr d i s t i l l a t i o n .  c )  Recorded a t  60 MHz on a JEOL PMX 60SI. 

d) Uncorrected mp measured w i t h  a Mitamura Riken model 7-12 apparatus. 

5b t o  w i t h  t he  use o f  POC13 and a v a r i e t y  of t e r t i a r y  amines i ns tead  o f  py r i d i ne  - 
under several r eac t i on  cond i t ions  was c a r r i e d  out. However t he  y i e l d  of % c o u l d  n o t  be 

improved so much. Complete convers ion o f  g t o  was achieved when the crude i n i t i a l  

product(5b)was t r e a t e d  w i t h  DBU o r  some o ther  t e r t i a r y  amines. Th i s  dehydroch lor ina t ion  
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step proceeded a t  room temperature and o v e r a l l  y i e l d  of f rom ,% was 49% when DBU was 

used as a base. Q u i t e  s i m i l a r l y  several  oxazol ines (&) i n  Table 1 could be successfu l ly  

converted t o  t he  corresponding oxazoles (k). These a re  summarized i n  Table 2, where i n  

most of t he  cases y i e l d s  o f d m u c h  increased when d i i sopropy le thy lamine i ns tead  o f  DBU 

was used f o r  t h i s  process. 

Mechanist ic s tud ies  f o r  a t ransformat ion process o f Q t o S a r e  now undergoing. A t  

present, however, i t  seems p l a u s i b l e  t h a t  mechanisms f o r  convers ion o f  f t t o  L a n d  t h a t  

o f  4 t o  2 ( o r  l _ t o 2 )  resemble t o  each other, because C2 atoms o f  both L a n d  2 a re  

thought t o  be come from t h e  N-methyl carbon atom o f f t .  Probably these two mechanisms 

inc lude common key steps. 

I n  conclusion, t h e  above r e s u l t s  present  a very convenient method f o r  cons t ruc t ion  o f  

new f luor ine-conta in ing  heterocycles. 5- t r i f luoromethyl -3-oxazol ines (2) and 5- 

t r i f luoromethy loxazo les  (5). 

Table 3. Ana l y t i ca l  da ta  of Oxazolines (z) and Oxazoles (6). 

Compound Formula 
- 

Calcd. % 
C H N F C 

Found, % 

H N F 
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EXPERIMENTAL 

3-tert-Butyl(methyl)hydrazono-l.l.l-trifluoroalkan-2-ones (4&) were prepared according 

t o  t he  l i t e r a t u r e .  2 ' 3 q 7 v 8  The phys ica l  and spec t ra l  da ta  o f  5 and %-%are g iven  

below. 9 

1 4a: - Yie ld :  91%; mp 84.0°C (hexane); H nmr (CDC13/TMS) 6 1.30 (s. 9H). 2.50 (s. 3H). 

6.80-7.50 (m. 5H). 

1 4c; - Yield:  80%: mp 83.5'C (cyclohexane); H nmr (CDC13/TMS) 6 1.33(s. 9H), 2.60 (s. 3H). 

3.72 (s. 3H). 6.68. 7.00 (d. J= 8 Hz. 4H). 

3; Yield:  78%; mp 65.5'C (hexane/CC14): 'H nmr (CDC13/TMS) 6 1.35 (s, 9H). 2.62 (s. 

3H). 7.08. 7.32 (d. J= 8 Hz, 4H). 

% Yield:  67%: mp 103.0°C (EtOH/H20): 'H nmr (CDC13/TMS) 6 1.38 (s. 9H). 2.65 (s. 3H). 

7.34, 8.17 (d. J= 8 Hz. 4H). 

4 3  Yield:  83%; mp 75.5"C (hexane): 'H nmr (CC14/TMS) 6 1.33 (s, 9H), 2.13 (s, 3H), 

2.55 (s, 3H). 7.03 (s. 4H). 

49; Y ie ld :  95%: 12O0C/2 t o r r  (oven temperature o f  Kugelrohr  d i s t i l l a t i o n ) :  'H nmr - 
(CC14/TMS) 6 0.50-2.85. 1.31 (m and s. 24H). 3.13 (s. 3H). 

5-Hydroxy-5-trifluoromethyl-3-oxazolines (5). General Procedure: ----- -Vv\-- 

To s i l i c a  g e l  (3 g, Wakogel C300 f o r  column chromatography d r i e d  a t  180°C f o r  2 h under 

reduced pressure j u s t  be fo re  use) was added water (0.12 mL) and t he  whole was mixed 

well .  Thus obta ined wet s i l i c a  g e l  and a s o l u t i o n  o f  4 (1 mmol) i n  CH2C12 (1 m l )  were 

combined and t he  whole was s t i r r e d  thoroughly, and was evaporated t o  dryness under 

vacuum. The powder was int roduced i n t o  a f l a s k  f lashed w i t h  n i t r ogen  and heated f o r  

42 h (2 h i n  t he  cases o f  49 and %) a t  70°C. To t h e  m ix tu re  was added e t h y l  ace ta te  - 
(50 m l )  and t h e  whole was s t i r r e d  f o r  30 min. S i l i c a  g e l  was f i l t e r e d  off and washed 

w i t h  e t h y l  ace ta te  (2 X 25 m l ) .  The f i l t r a t e  and washings were combined. and t h e  

so lven t  was removed. Thus obta ined c r u d e 5 w a s  p u r i f i e d  by r e c r y s t a l l i z a t i o n  o r  

Kugelrohr d i s t i l l a t i o n .  I f  necessary. c r u d e 5 w a s  submit ted t o  p repa ra t i ve  t l c  ( s i l i c a  

ge l  Merk 60PF) us ing  CH2C12 as e l uen t  be fo re  r e c r y s t a l l i z a t i o n  o r  Kugelrohr  d i s t i l -  

l a t i o n .  

5-Tr i f luoromethyloxazoles (6). General Procedure: ,-,-\-~-- ---- ----- 
To a m ix tu re  o f  5 ( 1  mmol) and p y r i d i n e  (695 mg. 8.8 mmol) i n  CHC13 (1 m l )  was added - 
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dropwise POC13 (368 mg. 2.4 mmol) w i t h  cont inuous s t i r r i n g .  A f t e r  s t i r r i n g  f o r  2 h. t h e  

r e a c t i o n  m ix tu re  was d i l u t e d  w i t h  CH2C12 (50 m l ) ,  washed w i t h  I N  HC1 (100 m l ) ,  then  w i t h  

water  (100 m l ) .  and f i n a l l y  w i t h  10% aq. Na2C03 (100 ml). The organic l a y e r  was d r i e d  

(Na2S04) and t h e  so l ven t  was removed t o  a f fo rd  a m ix tu re  o f  5-chloro-5- t r i f luoromethyl -  

3-oxazol ine (51) and (6). To the  m ix tu re  d isso lved  i n  CHC13 (3 m l )  was added d i i s o p r o p y l -  

ethy lamine (646 mg) o r  DBU (761 mg, 5 mmol). A f t e r  s t i r r i n g  f o r  2 h ( 3  h i n  t he  cases 

of 3 and 2). t he  m ix tu re  was poured i n t o  1N HCl (50 m l )  and ex t rac ted  thorough ly  w i t h  

CH2C12 (50 m l ) .  The e x t r a c t  was washed w i t h  water (100 m l )  and subsequently w i t h  10% 

aq. Na2C03 (50 ml). The organic l a y e r  was d r i e d  (Na2S04) and t h e  so l ven t  was removed. 

The res idue was submit ted t o  Kugelrohr  d i s t i l l a t i o n  o r  r e c r y s t a l l i z a t i o n  t o  a f f o r d  pure 

6 (Table 2). - 
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