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The reac t ion  of a number  of al iphatic  and a l icycl ic  ace t lox i ranes  with perf luoroalkanoic  acid 
e s t e r s  was studied. It is shown that subst i tuted 3 - h y d r o x y - 6 - p e r f l u o r o a l k y l - 2 , 3 - d i h y d r o - 4 -  
pyrones  a re  formed.  The r e v e r s e  reac t ion  scheme,  including the fo rmat ion  of an in te rmedi -  
ate f l-diketone and cycl iza t ion of its enol f o r m  to a d ihydropyrone,  was conf i rmed in the case  
of the condensat ion of 3 -methy l -2 ,3 -epoxycyc lohexanoae  with ethyl t r l f luoroace ta te .  The 
s t e r e o c h e m i s t r y  of the reac t ion  products ,  which exis t  in a ha l f - cha i r  conf i rmat ion  with a 
pseudoequator ia l  hydroxyl  group, was examined by means  of PMR sPec t roscopy.  

We have prev ious ly  shown [1] that  the reac t ion  of some  ace ty lox i ranes  with perf luoroalkanoic  acid e s t e r s  
under  the conditions of the C laisen condensat ion leads to 3 -hyd roxy -2 , 3 -d ihyd ro -4 -py rone  der iva t ives .  

To a sce r t a in  the s t e r e o c h e m i s t r y  of the products  of the indicated react ion,  in the p r e sen t  r e s e a r c h  we 
studied the reac t ion  of a num ber  of al iphatic  and al icycl ic  ace ty lox i ranes  with ethyl t r i f luoroace ta te  and ethyl 
n -hep ta f luorobutyra te  in d imethoxymethane  in the p re sence  of an equivalent  amount of sodium alkoxide. This 
p rocedu re  gave subst i tuted 3 - h y d r o x y - 6 - p e r f l u o r o a l k y l - 2 , 3 - d i h y d r o - 4 - p y r o n e s  (I-IX) in up to 78% yie lds :  

R -~/ \ 0 /  \R~ R:~ \ 0  / \R 3 

A 

R' 

CIt = C / R: R ~ - R :  

/ " H  H R ~ :,,. 0 ~C R.~ 

�9 ,,,c ' ~- O =  0 

R ~ \O / ",R~ 

B R: 

l-IX 

I--IX R~=H; I, III, V, VII, IX Rs=CF3; lI, IV, VI, VIII R~=n-C3F;; I, II R2=Clfs, 
R3=R~=H; III, IV }~2=R~=t-I, R3=C[t3; V, VI R2=H, f~3=1~4=CH3; VII, VIII 

R2=R3=CH3, R4=H; IX R2R a= (CH2)4, R4=I-[ 

According to the r e su l t s  of t h in - l aye r  ch romatography  (TLC) [on Silufol, e t h e r - h e x a n e  (1 : 1)] , the conden- 
sa t ion is v i r tual ly  comple te  in 30 rain, and 13-diketone A, which has ve ry  low chromatograph ic  mobili ty,  is 
formed;  it is gradual ly  conver ted  through enol f o r m  B to the cor responding  dihydropyrone I - IX (cyclization is 
comple ted  during isolat ion of the reac t ion  products) .  In this connection, condensation in te rmedia tes  cannot be 
obtained in the individual s ta te .  

To conf i rm the above reac t ion  scheme,  we studied the react ion,  under the same  conditions, of 3 -me thy l -  
2 ,3-epoxycyclohexanone (X), s ince the subsequent  cycl izat ion p re supposes  the exis tence  of a double bond 
at tached to the nodal br idge atom: 
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T A B L E  1. P a r a m e t e r s  of PMR Spec t ra  of 3 - H y d r o x y - 6 - t r i f l u o r o -  
m e t h y l - 2 , 3 - d i h y d r o - 4 - p y r o n e s *  (I, III, V, VII, and IX) and The i r  
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* Re p l a c e m e n t  of  the t r i f l u o r o m e t h y l  g roup  by an n - h e p t a f l u o r o -  
p ropy l  group has  v i r tua l ly  no effect  on the p a r a m e t e r s  of the PMR 
s p e c t r a  of the inves t iga ted  compounds .  

TJ3-H,OH = 2 Hz. 

Diketone X g ives  in tense  co lo ra t ion  with a di lute methanol  solut ion of f e r r i c  ch lo r ide  and read i ly  f o r m s . a  
che la te  complex  on r e a c t i o n  with coppe r  ace ta te .  Absorp t ion  bands  at 1640 and 1590 cm-l , .  Which are:  c h a r a c -  
t e r i s t i c  f o r  the enol f o r m  of f l -d iketones  [2], a r e  o b s e r v e d  in the  IR s p e c t r u m  of X; adso rp t ion  bands  of the di" 
keto f o r m  a r e  absent .  The PMR s p e c t r u m  (the s ignal  of an enol  OH group  at 14.81 ppm) a lso  indicates  virtual." 
ly comple te  enol iza t ion  of t r i f l uo roa c e t y l c yc l ohexanone  X in the d i r ec t ion  of the t r f f l u o r o a c e t y l  group;  this is 
c h a r a c t e r i s t i c  f o r  pa r t i a l l y  f luor ina ted  f l -d ike tones  [3-5].  

Opening of the epoxide r ing  on the f l - c a rbon  a t o m  side dur ing  i n t r a m o l e d u l a r  cyc l i za t i on  of the i n t e r m e -  
diate  enol  f o r m  B is c o n f i r m e d  by the p r e s e n c e  in I -XI  of  an c~-ketol grouping,  a cco rd ing  to  the r e su l t s  of ox i -  
dat ion with pe r iod ic  acid,  and a l so  by c o m p a r i s o n  of the PMR s p e c t r a  of the l a t t e r  and  the i r  a ce t a t e s  IA, II ia,  
Va,  VIIa,  and IXa (I, III, V, VII, and IX R E = CH3CO) (Table 1). Thus the s ignal  of the 3 -H  pro ton  in the PMR 
s p e c t r u m  of III  is a qua r t e t  due to coupl ing with the 2 - H  and OH pro tons .  The l a t t e r  type  Of coupl ing is absent  
in ace ta te  Il ia,  and the s ignal  of the 3 -H  p ro ton  in the PMR s p e c t r u m  a p p e a r s  as  a doublet  that  i s : s h i f t e d  (1.2 
ppm) to weak  field as  c o m p a r e d  with the s p e c t r u m  of ffl due to the ef fec t  of the s e c o n d a r y  ~cetoxy g roup  [6]. A 
s i m i l a r  shif t  (1.18 ppm) of the s ignal  of the 3 - H  s ignal  is o b s e r v e d  on pas s ing  f r o m  the PMR s p e c t r u m  o f V  t o  
the s p e c t r u m  of its ace ta t e  (Va). In the PMR s p e c t r u m  of ace ta te  Ia  the s ignal  of one of the p ro tons  of the 2 -CH 2 
g roup  is shif ted s igni f icant ly  to weak f ie ld  as  c o m p a r e d  with the s p e c t r u m  of nonace ty la ted  I, and%he c h e m i c a l  
shif t  of  the o the r  p ro ton  of the s a m e  methy lene  g roup  r e m a i n e d  v i r tua l ly  unchanged.  This  indica tes  the absence  
in I of the p r i m a r y  h y d r o x y l  g roup  that  would have been  f o r m e d  in the case  of  opening of t h e  ox i rane  r ing  of B 
dur ing  cyc l i za t ion  on the p a r t  of the a - c a r b o n  a tom [6]. 

The t r a n s f o r m a t i o n  of  i n t e rmed ia t e  enol f o r m  B to d i h y d r o p y r o n e s  I - IX should be a c c o m p a n i e d  by i nve r -  
s ion of the conf igura t ion  of the f l - ca rbon  a tom of the epoxide r ing,*  as  p r e v i o u s l y  p r o p o s e d  fo r  the s i m i l a r  {with 
r e s p e c t  to mechan i sm)  i n t r a m o l e c u l a r  cyc l i za t i on  of epoxides  of t r a n s - 2 - a c e t o x y c h a l c o n e s ,  which leads  to di-  
hydrof l avono l s  [7]. In fac t ,  the v ic ina l  J2-H,3-H cons tan t  in the PMR s p e c t r u m  of III is 12 Hz, which indicates  a 
pseudoxia l  o r i en ta t ion  (a t r a n s  or ienta t ion)  of the 2 - H  and 3 - H  p ro tons  in the h a l f - c h a i r  con fo rma t ion  of the di-  
h y d r o p y r o n e  r ing  [8-11] and c o n f i r m s  inve r s ion  of the s t a r t i ng  conf igura t ion  of the epoxide r ing  in the B f o r m .  
The J2-H,3-H cons tan t  in the PMR s p e c t r u m  of ace ta te  IIIa r e m a i n s  the same;  i .e . ,  the con fo rma t ion  with a 
p seudoequa to r i a l  hydroxy  (acetoxy) g roup  is r e t a ined  on pas s ing  f r o m  hydroxy  de r iva t ive  III to its ace ta te  (l'iIa). 

* In the condensa t ion  we used a c e t y l o x i r a n e s  with a known conf igura t ion ,  which is indicated in the gene ra l  
s c h e m e  of the reac t ion .  
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TABLE 2. Characteristics of the Compounds 

Com- 
pound 

I 
Ia 

II 
III 
Ilia 
IV 
V 
Va 

VI 
VII 
VIIa 

VIII 
IX 
IXa 
X 

bp (mm) or I 
mp, aC 

67 (12) a 
62 (3) 5 
82 (12), 24 

75 
6O 
76 
70 
26 
65 

64 (IO) c 
48 

76 (12) d 
44 
79 

62--65 (2) e 

Found, % Empirical Calculated, % 
c I H I  

42,7 3,4 
45,5 3,7 
36,4 2,4 
42,9 3,6 
45,5 3,8 
36,6 2,4 
45,4 4,2 
47,9 4,5 
38,9 3,2 
45,6 4,2 
47,7 4,5 
39,0 3,2 
50,7 4,9 
51.6 4:7 
�9 t8,8 4,2 

v formula 

29,B CvHrF:~O3 
23,5 CgHgF:~O4 
45.2 C9I~[7F703 
2913 CTHTF3Q 
24,2 C9I%F30.~ 
45,0 CgHTFvOs 
26,9 CsH~F30~ 
23,1 CtoHnFa04 
42,8 C19HgFrOa 
27 9 CsH~FsQ 
22[8 CIoHuFaO4 
43,1 C~ol'[gFTOa 
24,5 CIoHuF3Oa 
20,7 Cv, HI4F304 
26,0 CgHgF..~O3 

e l .  

42,9 3,6 
45,4 3,8 
36,5 2,4 
42,9 3.6 
45,4 3[8 
36,5 2,4 
45,7 4,3 
47,6 4,4 
38,7 2,9 
45,7 ,I,3 
,t7,6 4,4 
38,7 2,9 
50,9 4,7 
51,8 4,7 
48,7 4,1 

I F 

29,1 
23,9 
44,9 
29,1 
23,9 
44,9 
27,1 
22,6 
42,9 
27,1 
22,6 
42,9 
24,1 
20,5 
25,7 

Yield, 
~0 

66 
52 
54 
25 
65 
20 
55 
58 
34 
78 
74 
75 
67 
~5 
47 

ad~~ 1.3581 and n ~  1.4265. Found :  MR D 37.0.  C a l c u l a t e d :  MR D 
35.5.  bd2~ 1.3287 and n~  1.4325. Fo tmd:  MR D 45.7.  C a l c u l a t e d :  
MR D 44.8,  Cdl~ 1.2~47 and n]~ 1.4230. Found  MR D 41.3.  C a l c u -  
l a t ed :  MR D 40.1.  d~ ~ 1.4386 and n ~  1.3912. Found :  MR D 51.2.  
C a l c u l a t e d :  MR D 49.8.  ed2~ 1.3456 and n~  1.4620. Found :  MR D 
45.4.  C a l c u l a t e d :  MR D 43.3.  

The 1-H proton shows up in the form of a weakly resolved quartet witha width of 6 Hz in the PMR spec- 
tra of 6-hydroxy-3-trifluoromethyl-2-oxabicyclic[4.4.0]dec-3-en-5-one (IX) and its acetate (IXa), and this con- 
stitutes evidence for its equatorial orientation in the cyclohexane ring. 

~ c ~  
It 

i x  

The c i s  f u s i o n  (which is  the  only p o s s i b l e  fu s ion  in th i s  c a s e )  of the  c y c l o h e x a n e  and d i h y d r o p y r o n e  r i n g s  and 
the p s e u d o e q u a t o r i a l  o r i e n t a t i o n  of the  h y d r o x y l  g r o u p  in the  l a t t e r  fo l low f r o m  t h i s .  

A c o n f o r m a t i o n  wi th  a p s e u d o e q u a t o r i a l  h y d r o x y l  g r o u p  and R 3 s u b s t i t u e n t  can  be s i m i l a r l y  a s s i g n e d  to I, 
H, and W - V I I I  e i t h e r  on the  b a s i s  of the  i d e n t i c a l  c h a r a c t e r  of the  s u b s t i t u t i o n  with  d i h y d r o p y r o n e s  I l l  o r  IX o r  
on the  b a s i s  of the  c h a r a c t e r i s t i c  (for  a c e t y l a t i o n )  sh i f t  of the  s i g n a l  of the  2 - H  p r o t o n  to weak  f i e ld  in the  P M R  
s p e c t r a .  

A b s o r p t i o n  bands  of a h y d r o x y l  g r o u p  a t  3500 c m  -1, of s t r e t c h i n g  v i b r a t i o n s  of C - H  a t t a c h e d  to  a double  
bond  a t  3100 c m  -1, and  of a c o n j u g a t e d  c a r b o n y l  g r o u p  and double  bond at  1690-1700 and 1620-1630 c m  -1, r e -  
s p e c t i v e l y ,  a r e  o b s e r v e d  in the  IR s p e c t r a  of d i h y d r o p y r o n e s  I - IX .  The c o n s t a n t  and c h a r a c t e r i s t i c  [11] p o s i -  
t ion  of the  band  of h y d r o x y l  a b s o r p t i o n  a l s o  i n d i r e c t l y  c o n f i r m  the i d e n t i c a l  c h a r a c t e r  of the  c o n f o r m a t i o n  
of I - IX.  

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

The IR s p e c t r a  of s o l u t i o n s  of I - X  inCC14 w e r e  ob t a ined  with  a UR-20  s p e c t r o m e t e r  a t  400-3700 c m  -1. 
The  P M R  s p e c t r a  of 10% s o l u t i o n s  of I - X  in c a r b o n  t e t r a c h l o r i d e  w e r e  r e c o r d e d  with a V a r i a n  HA-100 s p e c -  
t r o m e t e r  wi th  an  o p e r a t i n g  f r e q u e n c y  of 100 MHz wi th  t e t r a m e t h y l s i l a n e  a s  the  i n t e r n a l  s t a n d a r d .  

The p h y s i c o c h e m i c a l  c o n s t a n t s  of the  compounds  a r e  p r e s e n t e d  in T a b l e  2. 

3 - H y d r o x y - 6 - p e r f l u o r o a l k y l - 2 , 3 - d i h y d r o - 4 - p y r o n e s  (I-IX).  A m i x t u r e  of 0.2 m o l e  of the c o r r e s p o n d i n g  
a c e t y l o x i r a n e  and 0.2 m o l e  of p e r f l u o r o a l k a n o i c  ac id  e s t e r  was  a d d e d  wi th  s t i r r i n g  and coo l ing  to - 10~ to a 
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suspension of 0.2 mole of sodium isopropoxide in 500 ml of absolute dimethoxymethane.  After 30 min, 0.2 
mole of glacial  acet ic  acid was added, the solvent was removed by distil lation, and the residue was t rea ted  
with 100 ml of water .  The aqueous mixture  was ext rac ted  with e ther  (four 100-ml portions),  and the e ther  ex- 
t r a c t  was dr ied with anhydrous sodium sulfate.  The e ther  was removed by distil lation, and the res idue was 
vacuum fract ionated.  Compounds II and VI were  c rys ta l l ized  f rom peatane, and III-V and IX were  c rys ta l l ized  
f rom hexane. 

3 -Methyl -6- t r i f luoroace ty l -2 ,3-epoxycyclohexanone  (X). This compound was obtained by the above meth- 
od, but the t empera tu re  of the reac t ion  mixture  was ra i sed  to 18-20~ af te r  the addition of the reagents  to the 
sodium isopropoxide,  and s t i r r ing  was continued for  another  2 h. PMR spec t rum of X: 1.49 (3H, s, CH3) , 1.57- 
2:49 (4H, m, CH2CH2) , 3.19 (1H, s, 2-H), and 14.81 ppm (1H, s, =COH). The copper  complex was obtained by 
the method in [12] and was c rys ta l l i zed  f rom ethanol to give a product  with mp 225~ (dec.). 

3 -Ace toxy-6- t r i f luo romethy l -2 ,3 -d ihydro-4 -pyrones  (Ia, Ilia, Va, VIIa, and IXa). A solution of 0.01 mole 
of I, HI, V, VII, or  IX in 20 ml of acetyl  chloride was allowed to stand at 18-20~ for  24 h, a f te r  which the 
acetyl  chloride was removed  by distillation, and the res idue was dissolved in 30 ml of e ther .  The e ther  solu- 
tion was washed with a sa tura ted  solution of sodium bicarbonate  and dr ied with sodium sulfate,  the e ther  was 
removed  by disti l lation, and the res idue was vacuum disti l led (Ia, Va) o r  c rys ta l l i zed  f rom hexane {Ilia, VIIa, 
IXa). 

The ~-ke to l  grouping in I-IX was de termined by oxidation with per iodic  acid by the method in [13]. 
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