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The s imples t  method for  the synthes is  of  t r i s ( f luoroa lky l ) t r i az ines  is  the t r i m e r i z a t i o n  of f luoroalkyl-  
n i t r i les .  In the absence  of a ca ta lys t  this  reac t ion  p roceeds  slowly (30-120 h) ,  under  d ras t i c  conditions (300- 
350~ and a p r e s s u r e  of 150 k g / c m 2 ) ,  and with a low yield of the t r i az ine  (8-30%) [1]. However ,  it can be  
acce le ra t ed  by the addition of e i ther  acid o r  bas ic  cata lys ts .  In the case  of acid ca ta lys i s  the  reac t ion  p r o -  
ceeds  as the resu l t  of cycl ic  e lec t ron  t r a n s f e r ,  and in the  case  of  bas ic  ca ta lys i s  v ia  the format ion  of the  
c h a r g e - t r a n s f e r  complex [2]. The t r i m e r i z a t i o n  of per f luoroa lky ln i t r i l es  in the p r e s e n c e  of va r ious  ca ta lys ts  
has been  desc r ibed  in cons iderable  detail  in the patent  l i t e r a tu re  [3]. 

In the p r e se n t  p a p e r  we studied the t r i m e r i z a t i o n  of pe r f l uo ro -2 -me thy l -3 -oxahexanen i t r i l e  (I) and 
pe r f luoro-2 ,5 -d imethy l -3 ,6 -d ioxanonanen i t r l l e  (II) under  h i g h - p r e s s u r e  conditions in the p r e s e n c e  of va r ious  
ca ta lys ts .  

The effect  of va r ious  ca ta lys t s  on the t r i m e r i z a t i o n  of pe r f luo ron i t r i l e s  to t r i a z ines  i s  given in Tab le  1. 
I42 SO4 does not cause  n i t r i le  (I) to t r i m e r i z e ,  but N aOH and (C 2 H 5)3N lead to the format ion  of the  t r iaz ine .  
The yield of the t r i az ine  r eaches  only 10-12%when anhydrous Et3N is  used. The addition of 5% wa te r  to the 
amine as the cocata lys t ,  with the  o ther  conditions kept constant,  i n c r e a s e s  the yie ld  of the  t r i az ine  by 3-4 
t imes .  The  opt imum amount of the Et3N-H~O cata lys t  i s  0 . 5 -2~  Inc reas ing  the ca ta lys t  concentrat ion in the 
sys t em to 4-5% leads  to a sharp dec r ea s e  in the y ie ld  of  the t r iaz ine .  Based  on the IR spec t r a l  data, com-  
pounds with a sy s t em  of conjugated C=N bonds (absorpt ion bands at 1480, 1580, 1660, 1680 cm -i) a r e  fo rmed  
along with the t r i az ine  in this  case .  Inc reas ing  the t r i e thy lamine  concentrat ion up to 10% causes  a comple te  
convers ion  of the ni t r i le  to compounds of this type.  A study was  also made  of the effect of p r e s s u r e  in the 

TABLE 1. Effect of Cata lys ts  on T r i m e r i z a t i o n  of 
R f ( C = N )  14,000 k g / c m  2, 5 h 

Cataly~, wt.~o of Yield of 
r~r n i t re  T., ~ tdazinr 

CFaCF2CF,_0CF 
I 
CFa 

CFaCF.~.CF~0CF (CF~)CF20CF 
I 

CFaCF:CF2OCF CF~ 
I 

CFa 

H2S04 0,5 
Na0H, 0,5 

(C2Hs)aN, 0,5 
(C2Ih)aN, 0,5 

(C~Hs)~N -- H20, 0,5 
0 , 5  

>> 2,2 
)) 3,5 
>> 4,6 
>> io 

50 
50 
50 
70 

80 
8O 

to 
t2 
54 
41 

50,5 
52 
t7 
t3 
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T A B L E  2. Effec t  of  P r e s s u r e  
on T r i m e r i z a t i o n  of  R f ( C = N )  
in P r e s e n c e  of  E t3N-H2 O . 80 ~ 
5 h  

p, Yield of 
a~ kg/cm z triaziue, % 

t 8 
t0 00{I 40 
14 o( 54 

t 4 
I ()0o t5 
2 ooo 18 
5 o00 20 

t~.) (~00 31 
14 000 41 

CF~CF~CF:OCF 

CF3 

CFaCF~CF~OCFCF~OCF 

CF~ CFa 

in the range from 500 to 14,000 kg/cm 2 

T A B L E  3. Ef fec t  of T e m p e r a -  
t u r e  on T r i m e r i z a t i o n  of 

R f ( C = N )  in  P r e s e n c e  of E t 3 N -  
H20.  10,000 k g / c m  2, 5 h 

CF~CF~CF=OCFCF3 
i 
CF~ 

CF~C F~C F.~OCFCI"~OCF 
L 

GF3 CF~ 

*Without a catalyst. 

Yield of 
'r., ~ triaziae, % 

t00 58 
150 75 
200 69 * 
50 12 
7O 2O 
88 3l 

t50 55 

on the  t r i m e r i z a t i o n  of  the  p e r f l u o r o n i t r i l e s  in  the  p r e s e n c e  of  
E t 3 N - H 2 0  ( T a b l e  2). As  can  be  s een  f r o m T a b l e  2, the  p r e s s u r e  h a s  an i m p o r t a n t  e f fec t  on the  t r i m e r i z a t i o n  
o f  t he  n i t r i l e s :  at  a t m o s p h e r i c  p r e s s u r e  the  y i e l d  of  the  t r i a z i n e  in  5 h i s  4-8%, which  i n c r e a s e s  b y  2 to 3 
t i m e s  at  a p r e s s u r e  of  1000 k g / c m  2, and i s  o v e r  50% at 14,000 k g / c m  ~. T h e  f o r m a t i o n  of  s e c o n d a r y  p r o d u c t s  
w a s  not o b s e r v e d  h e r e .  

T h e  r a t e  of  f o r m i n g  the  t r i a z i n e  d e c r e a s e s  s u b s t a n t i a l l y  a s  t h e  p r o c e s s  p r o g r e s s e s .  The  c o n v e r s i o n  of  
n i t r i l e  (I)  in  5 h at a t m o s p h e r i c  p r e s s u r e  and 80 ~ i s  5%, which  i n c r e a s e s  to  8% in  100 h, and  to 18% in 400 h. 
At 14,000 k g / c m  2 the  amount  of  t r i a z i n e  f o r m e d  in  the  f i r s t  15 ra in  i s  40%, and ~60% in 10 h. I n c r e a s i n g  the  
p r e s s u r e  up to  14,000 k g / c m  2, fo l lowed  b y  i t s  r a p i d  r e m o v a l ,  g i v e s  a 24% y i e l d  of  the  t r i a z i n e .  T h e s e  r e s u l t s  
m a k e  i t  p c s s i b l e  to  a s s u m e  tha t  t he  v a l u e s  o f  t he  t r i a z i n e  y i e l d s  (18% at a t m o s p h e r i c  p r e s s u r e  and 60% at 
14,000 k g / c m  2 ) a p p r o a c h  the  e q u i l i b r i u m  v a l u e s .  T h e  e f fec t  of  p r e s s u r e  in  t h e  t r i m e r i z a t i o n  of  t h e  d i s c u s s e d  
n i t r i l e s  i s  a s s o c i a t e d  wi th  a sh i f t  of  t h e  e q u i l i b r i u m  t o w a r d  the  f o r m a t i o n  of t he  t r i a z i n e s .  

T h e  s t r u c t u r e  of t he  s t a r t i n g  n i t r i l e  a l so  has  an e f fec t  on t h e  y i e l d  o f  t h e  t r i a z i n e :  when n i t r i l e  (I)  i s  
u s e d  the  3~[eld of  t he  c o r r e s p o n d i n g  t r i a z i n e  i s  10-15% h i g h e r  t han  in  t h e  c a s e  o f  n i t r i l e  ( I I ) .  A s i m i l a r  ob -  
s e r v a t i o n  w a s  a l so  m a d e  in  [1]. 

In T a b l e  3 i t  i s  shown tha t  i n c r e a s i n g  the  t e m p e r a t u r e  f r o m  50 up to  150 ~ at a p r e s s u r e  of  10,000 k g / c m  2 
i n c r e a s e s  t he  y i e l d  of  t he  t r i a z i n e  f r o m  12 up to 55%, wh i l e  at  200 ~ the  t r i m e r i z a t i o n  of  n i t r i l e  (I)  at t he  s a m e  
p r e s s u r e  p r o c e e d s  even  wi thout  a c a t a l y s t .  

E X P E R I M E N T A L  M E T H O D  

T r i e t h y l a m i n e  w a s  p u r i f i e d  b y  d i s t i l l a t i o n  o v e r  NaOH. By c o l l e c t i n g  t h e  f r a c t i o n  wi th  bp 89-90 ~ w e  
o b t a i n e d  a c h r o m a t o g r a p h i c a l l y  p u r e  p r o d u c t ,  to wh ich  5% w a t e r  w a s  added.  The  e x p e r i m e n t s  u n d e r  p r e s s u r e  
w e r e  run  in  e i t h e r  2 - m l  l e a d  o r  t e f l on  ampu l s .  T h e  l e a d  a m p u l  w a s  f i l l e d  in  vacuo ,  a f t e r  which  the  ampul  
ou t l e t  w a s  p i r i ched  t o g e t h e r  t i g h t l y  and s o l d e r e d .  T h e  t e f l o n  a m p u l  w a s  f i l l e d  in  a n i t r o g e n  a t m o s p h e r e .  The  
e x p e r i m e n t a l  p r o c e d u r e  at a p r e s s u r e  of  14,000 k g / c m  2 and a d i a g r a m  of the  a p p a r a t u s  a r e  d e s c r i b e d  in  [4]. 

The  c o n v e r s i o n  of  t h e  n i t r i l e  and the  y i e l d  of  t he  t r i a z i n e  w e r e  d e t e r m i n e d  v i a  IR s p e c t r o s c o p y  and 
GLC. T h e  IR s p e c t r a  w e r e  t a k e n  on  a UR-20 i n s t r u m e n t .  T h e  c h r o m a t o g r a p h i c  a n a l y s i s  w a s  run  on an LKh-  
8MD c h r o m a t o g r a p h  ( c o l u m n  p a c k e d  wi th  10% SKTP d e p o s i t e d  on C h r o m a t o n e ) .  

P e r f l u o r o - 2 - m e t h y l - 3 - o x a h e x a n e n i t r i l e  (I)  w a s  o b t a i n e d  b y  the  d e h y d r a t i o n  o f  p e r f l u o r o - 2 - m e t h y l - 3 -  
o x a h e x a n e 3 a r b o x a m i d e  wi th  P205 in  77% y i e l d ,  mp 49 ~ I n f r a r e d  s p e c t r u m  ( v,  cm-1) :  1100-1400 ( C F ) ,  2270 
( - C K N ) .  Found" C 23, 12; F 67.10; N 4.75%. C6FllON. C a l c u l a t e d :  C 23.15; F 67.20; N 4.50%. 

P e r l l u o r o - 2 , 5 - d i m e t h y l - 3 , 6 -  d i o x a n o n a n e n i t r i l e  (II)  w a s  o b t a i n e d  the  s a m e  as  ( I ) ,  bp 114 ~ I n f r a r e d  
s p e c t r u m  ( v, c m - i )  : 1100-1400 ( C F ) ,  2270 ( C - = H ) ,  Found:  C 22.45;  F 67.58; N 2.967a CgFiTO2N. C a l c u -  
l a t e d :  C 22.60;  F 67.61; N 2.94~a 

2_~4 ( i - T r i s ( p e r f l u o r o - 2 - m e t h y l - 3 - o x a h e x y l ) 7 1 , 3 , 5 - t r i a z i n e .  Into a t e f lon  a m p u l  in a N 2 
a t m o s p h e r e  w e r e  c h a r g e d  0.14 g of  E t 3 N - H 2 0  and 2.3 g of  ( I ) ;  the  ampu l  was  p l a c e d  in  t he  channel  of  a h i g h -  
p r e s s u r e  e q u i p m e n t  (10,000 k g / c m  2) and kep t  at 80 ~ fo r  5 h. A f t e r  d i s t i l l i n g  off  the  u n r e a c t e d  u i t r i l e  w e  o b -  
t a i n e d  0.92. g (40%) o f  c o l o r l e s s  l iqu id ,  bp 81 ~ (8 m m ) .  I n f r a r e d  s p e c t r u m  ( u, cm -t )" 1100-1400 ( C F ) ,  1560 (C 
(C3N3). Found:  C 23.30;  F 67.28" N 4.45%. ClsF33N303. C a l c u l a t e d :  C 23.15: F 67.20; N 4 . 5 0 ~  
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2 ,4 ,6 -Tr i s (pe r f l uo ro -2 ,5 -d ime thy l -3 ,6 -d ioxanony l ) - l , 3 , 5 - t r i a z ine ,  bl~ 86 ~ (1 mm).  In f r a red  spec t rum 
(v ,  cm=i); 1100-1400 (CF) ,  1560 (C3N3). Found: C 22.70; F 68.00; N 2.92%. C27Fs1N306. Calculated: C 22.64; 
F 67.71; N 2.94%. 

The authors exp re s s  the i r  grat i tude to A. G. Kechina for  the chromatographic  analyses.  

C O N C L U S I O N S  

The t r i m e r i z a t i o n  of per f luorooxaa lky ln i t r i l es  is  acce le ra ted  by bas ic  ca ta lys ts .  Sulfuric acid does not 
cata lyze this  p roc e s s .  

2. When the n i t r i l es  a re  t r i m e r i z e d  in the p r e s e n c e  of the Et3N-H20 sys t em the yield Of the t r i az ines  
i n c r e a s e s  with i n c r e a s e  in the p r e s s u r e  and t e m p e r a t u r e .  
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S Y N T H E S I S  OF 2 0 , 2 2 - E P O X Y B I S N O R - A S - C H O L E N - 3 f l - O L  

Z h .  S. S y d y k o v  a n d  G. M. S e g a l '  UDC 542.91:547.92 

In the course  of synthesizing ecdysonel ike compounds we encountered the need of obtaining 20,22- 
epoxybisnor -A~-cholen-3f l -o l  (I) ,  t h e  p r e s e n c e  of whose OH group makes  it poss ib le  to build both the AT-6- 
keto and the 2fi ,3f i-glycol  grouping [1]. Pregnenolone aceta te  when reac ted  with d imsylsodium in DMSO gives 
aceta te  (II) in up to 90% yield. However,  the l a t t e r  could not be  conver ted  to (I) e i ther  by hydro lys i s  o r  by 
t r ea tmen t  with complex me ta l  hydr ides  under  mi ld  conditions. Complex and difficultly separab le  mix tu re s  of 
p roducts  a re  fo rmed  in both cases .  The direct  p r epa ra t ion  of oxi rane  (D f rom pregnenolone by the C o r y -  
Chaikovskii method also could not lead to the des i r ed  resul t ,  since the 3f i -methyl th iomethyl  e the r s  a re  
usually fo rmed  in th is  case  [2]. 

Es t e r  groupings can be  r emoved  by t r ea tmen t  with Gr ignard  reagents ,  with which the oxirane ring r e -  
acts  quite sluggishly [3 ], although r e a r r a n g e m e n t s  a re  poss ib le  in a number  of cases  [4]. We at tempted to ob- 
tain compound (l) by this  route. We se lec ted  i s o a m y l - m a g n e s i u m  b romide  as the reagent ,  since the products  
could be  identified without grea t  difficulty even in the case  of secondary  reac t ion  at the epoxide ring. In the 
case  of opening the - O - C 2 2  linkage the 20-hydroxycholes te ro l  (III) would be obtained in addition, which plays  
an impor tant  ro le  in the b iosynthes i s  of s te ro id  hormones  [5]. The reac t ion  of (II) with i soamylmagnes ium 
bromide  in T H F  gave a mix tu re  of oxirane (I), a smal l  amount of d imer  (IV), and also compound (V), which 
was ass igned the s t ruc tu re  of 20-methy l -24-nor -cho les tene-3f i ,21-d io l .  The yield of (I) was 89%, and i ts  
s t ruc tu re  was  p roved  by acetylat ion to the s ta r t ing  aceta te  (II).  

Glycol (V) in i ts  mel t ing  point and NMR spec t rum differs  f rom the i s o m e r i c  (20R)-  and (20S)-A 5- 
choles tene-3f i ,20-diols  [5]. The s t ruc tu re  ass igned to it i s  in good agreement  with the phys icochemica l  data. 
For  this r e a son  it may be assumed  that (V) is fo rmed  by the cleavage of the epoxide ring at the O - C - 2 0  
bond. 

The i n c r e a s e  in the yield of glycol (V) is  slight (up to 10-12%) even when the reac t ion  with the Grignard  
reagent  is  run under d ras t ic  conditions (refluxing in p-xylene  for  16 h) ;  up to 20% of weakly po la r  dehydrat ion 
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