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S Y N T H E S I S  A N D  S T E R E O C H E M I S T R Y  OF 

2 , 2 - D I M E T H Y L - 5 - A R Y L - 4 - B E N Z O Y L - 1  , 3 -  

D I O X O L A N E S  

O.  N.  B u b e l ' ,  I .  G .  T i s h c h e n k o ,  
G .  Z .  S t a s e v i c h ,  I .  L .  R o m a n k o ,  
A .  F .  A b r a m o v ,  a n d  E .  D .  S k a k o v s k i i  

UDC 547.729.7.07:541.634 

The reac t ion  of 3 - a r y l - 2 - b e n z o y l o x i r a n e s  with ace tone  in the p r e s e n c e  of catalyt ic  amounts  
of boron t r i f luor ide  e thera te  leads to the format ion  of mix tu res  of cis and t rans  i s o m e r s  
(~ 30:70) of 2 , 2 - d i m e t h y l - 5 - a r y l - 4 - b e n z o y l - 1 , 3 - d i o x o l a n e s ,  the s t r u c t u r e s  and s t e r e o c h e m -  
i s t r y  of which were  es tabl ished on the bas is  of data f r o m  thei r  PMR s p e c t r a ,  m e a s u r e m e n t  
of the Overhauser  nuclear  effect ,  and some chemical  t r ans fo rma t ions .  

Ace ty lox i ranes  of the a l iphat ic  s e r i e s  r e a c t  with ketones in the p r e s e n c e  of boron t r i f luor ide  e thera te  
with invers ion of the configuration of the oxi rane  carbon a tom that undergoes  a t tack ,  and this leads to the 
fo rmat ion  of c i s - l , 3 - d i o x o l a n e s  [1, 2]. At the s a m e  t ime,  the react ion  of t r a n s - 2 - a c e t y l - 3 - p h e n y l o x i r a n e  
with acetone  in the p r e s ence  of boron t r f f luor ide  e thera te  gives  a mix tu re  (35:65) of c i s -  and t r a n s - 2 , 2 - d i -  
m e t h y l - 5 - p h e n y l - 4 - a c e t y l - l , 3 - d i o x o l a n e s  [2], whereas  t r a n s -  and c i s -2 -me thy l -3 -pheny lox i r anes  r e a c t  with 
acetone  in the p r e s e n c e  of anhydrous  copper  sulfate  to give  a mix tu re  (35:65) of the corresponding c i s -  and 
t r ans -d ioxo lanes ;  the la t ter  do not undergo in te rconvers ion  under the given conditions [3]. 

In the p resen t  r e s e a r c h  we studied the reac t ion  of a number  of t r a n s - 3 - a r y l - 2 - b e n z o y l o x i r a n e s  (I-VI) 
with ace tone  in the p r e s e n c e  of catalyt ic  amounts  of boron t r f f luor ide  e thera te .  In all  cases  we obtained m i x -  
t u r e s  of c i s -  and t r a n s - 5 - a r y l - 4 - b e n z o y l - l , 3 - d i o x o l a n e s  CVIII-XIII) (Table 1), the r a t ios  of which were  
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T A B L E  1,3-Dioxolanes V I I I - X I I I  

Com- 
pound 

VIIIA 
VIIIB 

IXA 
1XB 
XA 
XB 

XIA 
XIB 

XIIA 
XIIB 

XIIIA* 
XIIIB 

Config - 
uraO.on 

cis 
trans 
cis 
trans 
cis 
tra ns 
cis 
trans 
cis 
trans 
cis 
trans 

mp.'  1 
117--118 ] 76,4 
90--91 ] 76,3 

148--149 [ 77,1 
47--48 1 76,8 

I16--I17 1 76,9 
70--71 ] 77,1 

147--148 1 68,3 
73--74 [ 68,2 

121--122 [ 68,0 
97--98 l 68,3 

47:48 I 7-~,0 

d, % Empirical 
- -  formula 

H 

6,4 C,sHI8Oa 
6,5 C18H,sO3 
6,7 C19H2oO3 
6,6 C19H2oO~ 
6,7 C19H~oOs 
6,9 C19H2oOa 
5,3 CIsH,TCIO3 
5,5 CIsHtrCIOs 
5,2 C,sH,TCIOs 
5,3 C,sHtrCIO~ 

C,gH~oO4 
& C19H2oO4 

76,6 
76,6 
77,0 
77,0 

177,0 
] 77,0 
168,2 
168,2 
1 68,~ 
168,2 
173,1 
!73,1 

, % Overall 
--~-- yie ld, % 

6,4 
6,4 
6,8 
6,8 
6,8 
6,8 
5,4 
5.4 
5,4 
5.4 
6,4 
6,4 

age in 
the mix- 
ture, ~'c 

43 
57 
32 
68 
32 
68 
33 
67 
27 
73 
29 
71 

* This compound was not isolated in the pure state. 

TABLE 2. Da ta  

Corn- 6 
pound 2-CHa 

S, ppm 

VIIIA 
VIIIB 

IXA 
IXB 

XA 
XB 

XIA 
XIB 

XIIA 
XIIB 

XIIIA 
XIIIB 

1,51; 1,80 
1,40; 1,61 

1,47; 1,74 
1,44; 1,64 

1,50; 1,80 
1,43; 1,65 

1,56; 1,83 
1,39; 1,60 

1,55; 1,84 
1,38; !,60 

1,48; 1,76 
1,40; 1,60 

f r o m  t h e  P M R  S p e c t r a  of 

hv, 6 4-H, 6 5-H, 14,5' 

Hz d, ppm d, ppm 

fi,39 
4,gl 

.5,35 
4 $9 

5,30 
,4,80 

5,,48 
4,67 

5,46 
4,68 

5,34 
4,80 

5,57 
5,54 

5,53 
5,60 

5,55 
5,61 

5,78 
5,56 

5,78 
5,56 

5,53 
5.56 

29 
21 

27 
20 

30 
22 

27 
21 

29 
22 

28 
20 

1 , 3 - D i o x o l a n e s  u  

HZ 6R( At)' 
pprn 

7,8 
,7,2 

7,8 232 
7.2 2,37 

7,8 2,14 
7,2 2,38 

7,8 
7.2 

7,8 
7,2 

7~8 3,60 
7,2 3,72 

6}{(Ar). m, ppm 

6,87--7,47 
7,12--7,50, 
7,67--7,79 
6,65--7,45 
7,08--~/,60, 
7,96--8,12 
6,60--7,44 
7,{}0--7,62, 
7,96--8,12 
6,95--7,57 
7,16--7,49, 
7,85--8,04 
6,90--7,50 
7,12--7,48, 
7,90--8.05 
6,80--7,72 
6,80--7,56, 
7,96--8,08 

established from the integral intensities of the PMR signals of the 2-CH 3 groups and the 4-H and 5-H protons. 
The reaction of cis-3-phenyl-2-benzoyloxirane ~'II) with acetone in the presence of boron trifluoride etherate 
leads to the formation of a mixture (57:43) of isomers VIIIA and u A comparative study of the reaction 
of oxiranes I and VII with acetone directly in the cell of the PMR spectrometer showed that cis-oxirane VII 
reacts considerably more slowly than trans-oxirane I, whereas diastereomers u and VIIIB are formed 
simultaneously in both cases. Considering the fact that acyloxiranes react, as a rule, in acid-catalyzed re-  
actions with ring opening of the ~-carbon atom side [4, 5], one may assume that the formation of a mixture 
of 1,3-dioxolanes is determined by the presence in the ~ position of an aryl substituent that promotes the for- 
mation of a carbonium ion. 

The chemical structure of i ,  3-dioxolanes VIII-XIII was confirmed by acid hydrolysis of isomers u 
and VIIIB. Acetone and benzaldehyde, the latter of which is evidently the product of dealdolization of the inter- 
mediate kcto diol, were identified in the hydrolyzate in the form of the 2,4-dinitrophenylhydrazones. The PMR 
spectra of 1,3-dioxolanes YHI-XHI also confirm their chemical structure (Table 2). 

The establishment of the configurations of five-membered rings only from spin-spinooupling constants 
(SSCC) is unreliable [6, 7], and the stereochemistry of 1,3-dioxolanes VIII-XIII was therefore determined by 
a comparison of the characteristics of their PMR spectra with those of the spectra of the similarly constructed 
dioxolanes with known configurations. Thus the signals of the 4- and 5-H protons in the PMR spectrum of 
trans-2,2-dimethyl-4,5-diphenyl-1,3-dioxolane are shifted 0.78 ppm to stronger field as compared with the 
c o r r e s p o n d i n g  s i g n a l s  of t h e  ei  s i s o m e r ;  t h i s  i s  due  to the  s h i e l d i n g  of t h e s e  p r o t o n s  of the  t r a n s -  1, 3 -  d i o x o l a n e  b y  p h e n y l  
g r o u p s  [8]. A s i m i l a r  sh i f t  of 0.6 8 pp m of  t h e  s i g n a l  of t he  4 -  H p r o t o n  in  t he  P M R  s p e o t r u m  of 1, 3 - di  o x o l a n e  VI I IB  to  
s t r o n g e r  f i e l d  w i th  r e s p e c t  to the  s i g n a l  of t h e  4 -  H p r o t o n  of 1, 3 -  d i o x o l a n e  VIIIA p r o v i d e s  a b a s i s  f o r  t he  a s s i g n m e n t  of 
t r a n s  and  c i s  c o n f i g u r a t i o n s ,  r e s p e c t i v e l y ,  to  t h e s e  c o m p o u n d s .  I n  add i t ion ,  i t  i s  k n o w n  [8] t h a t  the  n o n e q u i v a l e n c e  of the  
p r o t o n s  of the  2 -  CH 3 g r o u p s  ( A v ) i n  t h e  c i s  i s o m e r s  of u n s y m m e t r i c a l  1, 3 -  d i o x o l a n e s  i s  a l w a y s  g r e a t e r  t h a n  i n  t h e  
t r a n s  i s o m e r s .  In  o u r  e a s e A  v i s  29 Hz fo r  c i s -  1 , 3 -  d i o x o l a n e  VIIIA and  21 Hz f o r  t r a n s - d i o x o l a n e  VH]B;  t h i s  c o n s t i -  
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T A B L E  3. R e s u l t s  of M e a s u r e m e n t s  of t h e  O v e r h a u s e r  N u c l e a r  

Ef fec t  (ONE) in 1 , 3 - d i o x o l a n e s  

Compound Observed ONE, % 

BCH 0 ' = ' ~  Cr, H5 
3 COC~H s 

VllI A 

COC6115 
v n t  B 

Irradiated 
CH s group proton 

A 4-H 
A 5-H 
B 4-H 
B 5-H 

A 
A 
B 
B 

4-H 
5-H 
4-H 
5-H 

1|,9 
5,7 
3,2 
0,0 

10,,1 
3,3 
0,0 

I2,7 

t u t e s  an  a d d i t i o n a l  c o n f i r m a t i o n  of  t h e i r  s t e  r e o c h e m i s t r y ,  wh ich  i s  a l s o  in a g r e e m e n t  wi th  the  r e s u l t s  of m e a s u r e m e n t  
of the  O v e r h a u s e r  n u c l e a r  e f fec t  (Table  3). Since  the  4 - H  and 5-H p r o t o n s  and the  2 -CH 3 g r o u p  (A) a r e  on the  
s a m e  s i d e  of the  1 , 3 - d i o x o l a n e  r i n g  in c i s - d i o x o l a n e  VII IA,  a l a r g e  e f fec t  i s  o b s e r v e d  when the  2 -CH 3 (A) g r o u p  
i s  i r r a d i a t e d .  In the  c a s e  of t r a n s - d i o x o l a n e  VIIIB a l a r g e  ef fec t  on the  4 - H  p ro ton  i s  o b s e r v e d  when the  2 - C H  3 
(A) g r o u p  i s  i r r a d i a t e d ,  and a l a r g e  e f fec t  on the  5-H p ro ton  i s  o b s e r v e d  when the  2 - C H  3 (B) g r o u p  i s  i r r a d i a t e d .  

An a n a l y s i s  of the  r e a c t i o n  m i x t u r e s  of o x i r a n e s  I - u  with a c e t o n e  by PMR s p e c t r o s c o p y  showed tha t  t he  
r a t i o  of the  r e s u l t i n g  c i s -  and t r a n s - 1 , 3 - d i o x o l a n e s  VI I I -XI I I  d e p e n d s  on how long the  l a t t e r  r e m a i n  in con tac t  
wi th  t he  c a t a l y s t .  I t  was  e s t a b l i s h e d  by s p e c i a l  e x p e r i m e n t s  with p u r e  c i s -  and t r a n s - d i o x o l a n e s  tha t  t he  t h e r -  
m o d y n a m i c a l l y  l e s s  s t a b l e  [9] c i s - d i o x o l a n e s  u n d e r g o  s low i s o m e r i z a t i o n  to  the  t r a n s  i s o m e r s  when a c e t o n e  
so lu t i ons  of t h e m  conta in ing  c a t a l y t i c  a m o u n t s  of boron  t r i f l u o r i d e  e t h e r a t e  a r e  a l l owed  to s t a n d .  When a c e -  
tone  i s  a b s e n t ,  t h i s  i s o m e r i z a t i o n  does  not  t a k e  p l a c e .  M o r e o v e r ,  we o b s e r v e d  s i m i l a r  i s o m e r i z a t i o n  of non-  
e n o l i z e d ( o n t h e p a r t  of t he  1 , 3 - d i o x o l a n e  r ing)  2 , 2 , 4 , 5 c - t e t r a m e t h y l - 4 r - a c e t y l - l , 3 - d i o x o l a n e  [10] and c i s - 4 -  
p h e n y l - 5 - ( p - n i t r o p h e n y l ) - l , 3 - d i o x o l a n e  (XIV) to  the  c o r r e s p o n d i n g  t r a n s  i s o m e r s .  T h e s e  f a c t s ,  a s  we l l  a s  a 
q u a l i t a t i v e  eva lua t i on  of the  change  in the  r a t e  of i s o m e r i z a t i o n  a s  a funct ion  of the  n a t u r e  of t he  s u b s t i t u e n t  in 
t he  a r y l  g r o u p  (CH30 >> CH 3 > H > C1), m a k e  i t  p o s s i b l e  to  a s s u m e  tha t  the  i s o m e r i z a t i o n  of c i s - 2 , 2 - d i m e t h y l -  
5 - a r y l - 4 - b e n z o y l - l , 3 - d i o x o l a n e s  in a c e t o n e  in t he  p r e s e n c e  of boron  t r i f l u o r i d e  e t h e r a t e  p r o c e e d s  a s  a con-  
s e q u e n c e  of n u c l e o p h i l i c  a t t a c k  by the  a c e t o n e  m o l e c u l e  on the  benzy l  c e n t e r  of the  1 , 3 - d i o x o l a n e  r i n g  in a c -  
c o r d a n c e  with  t he  s c h e m e  

H, .-H 

B F . O V  O ~' . 
/ \  

t I t  3 Ctl 3 

e l l  (()CIt:~ 

C H ~ .  / .CH 3 

H , ,  [ . .  It 
. 'c--o-c~ 

Arf r '~COCr, H~, 
0 

BF~O--C--CH 3 

CH 3 

Ar,.. ...H Ar,. /H 

�9 CH 3 

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

The  PMR s p e c t r a  of 5-10% so lu t i ons  of t he  compounds  in CC14 w e r e  ob ta ined  with V a r i a n  HA-100 and 
J N M - 1 0 0 P S  s p e c t r o m e t e r s  with 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  c o u r s e o f t h e  r e a c t i o n a n d t h e  
p u r i t y  of the  s u b s t a n c e s  ob ta ined  w e r e  m o n i t o r e d  by t h i n - l a y e r  c h r o m a t o g r a p h y  (TLC) on a l o o s e  l a y e r  of a c -  
t i v i t y  II a l u m i n u m  oxide  [elution with e t h e r - p e t r o l e u m  e t h e r  (1:3); the  c h r o m a t o g r a m s  w e r e  deve loped  in i o d i n e  
v a p o r  s ]. 

t r a n s - A c y l o x i r a n e s  I - V I  w e r e  ob ta ined  by ox ida t ion  of the  c o r r e s p o n d i n g  c h a l c o n e s  with a l k a l i n e  hyd rogen  
p e r o x i d e ,  whi le  c i s - o x i r a n e  VII was  ob ta ined  by a known method  [11]. 
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2 ,2 -Dime thy l -5 -a ry l -4 -benzoy l - l , 3 -d ioxo lanes  (VILI-XIII). A cooled solution of 8 mmole of boron 
tr if luoride etherate in 0.3 mole of acetone was added dropwise to a cooled (to 0~ solution of 0.1 mole of 
oxi rane-I -VI  in 0.7 mole of acetone,  and the mixture was allowed to stand for 1-2 h (for 100 h in the case  
of p- and m-chlorophenyloxiranes V and VI, and 4 mmole of the catalyst  was added to the reaction mixture 
at  intervals of 24-25 h). It was then neutralized with a solution of sodium hydroxide in methanol and diluted 
with a tenfold amount of water.  The oil that was liberated crystal l ized after  brief agitation, and the crys ta ls  
were separated,  washed with water ,  and dried.  The composition of the mixture was analyzed by PMR spec-  
t roscopy.  The cis i somers  were isolated by repeated crystal l izat ion f rom hexane, while the t rans  i somers  
were isolated by column chromatography on activity II aluminum oxide [elut[oawith e t h e r - p e t r o l e u m  ether 
(I :2)]. 

H_.ydrolysis of l,3-Dioxolanes u B. Acetic acid was added to a mixture of 0.03 mole of dioxolane 
and 0.15 mole of water until the 1,3-dioxolane dissolved completely, and the solution was refluxed for 3-5 h. 
The acetone was distilled from the reaction mixture into a solution of 2,4-dinitrophenylhydrazine in 2 N hydro- 
chloric acid, and the benzaldehyde was then steam distilled into another portion of a 2,4-dinitrophenylhydra- 
zine solution. No melting-point depressions were observed for mixtures of the acetone and benzaldehyde 2,4- 
dinitrophenylhydrazones with authentic samples. 

.qis-2,2-Dimethyl-4-phenyl-5-(p-nitrophenyl)yl,3-dioxolane (XIV), A solution of 3 mmole of boron tri- 
fluoride etherate in 0.3 mole of acetone was added dropwise with vigorous stirring at 0~ to a solution of 0.05 
mole of trans-2-phenyl-3-(p-nitrophenyl)oxirane in 4 mmole of acetone, and the mixture was allowed to stand 
at room tempera ture  for 5 h. It was then neutralized with a solution of sodium hydroxide in methanol and 
diluted with water .  The aqueous mixture was extracted with e ther ,  the extract  was dried with potassium c a r -  
bonate, and the ether was removed.  The res idue  (10.7 g), wMch, according to the PMR spect rum,  contained 
70% XIV and 30% of the corresponding t rans  i somer ,  was crysta l l ized f rom isopropyl alcohol to give 6.1 g {41%) 
of dioxolaneXIV with mp 105~ PMR spect rum (in CS2), 5 :1 .58  is, 2-CH3), 1.79 (s, 2-CH3) , 5.46 is, 4-H 
and 5-H), 6.80-7.00 (m, C6H5) , 7.04 (d, J = 9 Hz, 2H), and 7.80 ppm (d, J = 9 Hz, 2H). Found: C 68.3; H 5.8%. 
C17H17NO 4. Calculated: C 68.2; H 5.7%. 

Isomerizat ion of 1,3-Dioxolanes VIII-XIV. A solution of 0.08 mmole of boron tr if luoride etherate in 0.01 
mole of acetone was added to a solution of 1 mmole of 1,3-dioxolane in 0.02 mole of acetone.  After 24 h, the 
catalyst  was neutralized by the addition of 0.1 mmole of pyridine (in control experiments with t r a n s - 1 , 3 - d i o x -  
o laues ,aeu t ra l i za t ioaof  the catalyst  was carr ied  out af ter  100-150 h), the acetone was removed at reduced 
p re s su re ,  and the residue was dissolved in CC14. The solution was fi l tered,  and the f i l t rate was analyzed by 
P1VIR spectroscopy.  
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