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THIIRANPZ DERIVATIVES OF PYRIDINE, WINOLINE AND ISOQUINOLINE 
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o f  Wroclaw, 50-370 Wroclaw, Poland 

A b s t r a c t  - Convenient methods f o r  s y n t h e s i s  of t h e  o x i r a n y l  and 
t h i i r s n y l  d e r i v a t i v e s  o f  p y r i d i n e ,  q u i n o l i n e  and i s o q u i n o l i n e  

have been e l a b o r a t e d .  Oxi ranes  have been synthesized from cor-  
responding  aldehydes w i t h  dimethylsulfonium n e t h y l i d e  i n  a n k -  
d rous  medium. Exchange of t h e  oxygen atom in  t h e  o x i r a n a  r i n g  
on s u l f u r  w i t h  potassium t h i o c y a n s t e  gave t h i i r a n y l a z i n e s .  

Oxi ranyl  d e r i v ~ t i v e s  of a romat ic  compounds f o x i r a n y l a r a n e s )  and t h e i r  s u l p h u r  
ana logues  ( t h i i r a n g l a r e n e s )  could be used as s u b s t r a t e s  f o r  p r e p a r a t i o n  o f  many 
a r o m a t i c  compounds b e a r i n g  v s r i o u s  s u b s t i t u e n t s .  Usefulness  o f  o x i r a n y l e r e n e s  
i n  o r g a n i c  s y n t h e s i s  has  been e x t e n s i v a l y  reviewed end is of c u r r e n t  i n t e r e s t .  1 

The c h e m i s t r y  of t h i i r a n y l a r e n a e  is l e s s  developed,  n e v e r t h e l e s s  some r e a c t i o n s  
u s e f u l  i n  s y n t h e s i s  heve been r e p o r t e d .  2  

O x i r a n y l a z i n a s  remained g e n e r a l l y  unknown. Only o x i r a n y l o y r i d i n e s  were mentioned 
i n  t h e  l i t e r ~ t u r a " ~  b u t ,  excep t  f o r  4 - 0 x i r s n y l p ~ r i d i n a , ~  no s p e c t r o s c o p i c  and 
o t h e r  physicochamical  d a t a  have been repor ted .  T b y  have been r e p o r t e d  a s  very 

u n s t a b l e  and r e a c t i v e  l i q u i d s .  T h i i r a n y l a z i n e s  remained still unknown. 
The aim o f  o u r  work was t o  e l a b o r a t e  t h e  g e n e r a l  methods f o r  s y n t h e s i s  o f  o x i r e -  
n y l  and t h i i r a n y l a z i n e s  a s  ttre s u b s t r a t e s  u s e f u l  in  s y n t h e s e s  of t h e  azaaromst ic  

compounds s u b s t i t u t e d  i n  t h e  s i d e  c h i n s .  
The main s t e p  o f  t h e  s y n t h e s i s  p r e s e n t e d  i n  this peper i n v o l v e s  convers ion  of a l -  
dehydes i n t o  o x i r a n e s  2. Oxiranes  t h u s  o b t a i n e d  were e a s i l y  Converted i n t o  t h i -  
i r a n e s  1 w i t h  a r e  i n  some c a s e s  accompanied by vinyl d e r i v a t i v e s  4. 

( c H ~ ) ~ s = c H ~  KSCN 
Az-CW 

C2H50H, H2c + C6H6, NaOH, TEEA 

A Z  = p y r i d y l  5-5 2a-5 -- la-c  42-5 
A Z  = q u i n o l y l  kJ-J, - 2d-j, - 3d-j- - 4d-& 
Ae = i s o q u i n o l y l  Hc,L 2 k , l  - - 3 k J  

-e 4 2 4 ,  
I n i t i a l l y ,  we a t tempted  t o  s y n t h e s i z e  soma o x i r e n y l a z i n e s  by t h e  method o f  Corey 
and chaykowsky5 b u t  t h e  y i e l d s  of d e s i r e d  produc ts  were low o r  t h a  mettwd d i d  no t  
work a t  a l l .  The b a s t  r e s u l t s  were achiewed when the  r e a c t i o n  was c a r r i e d  o u t  
w i t h  d imethy lsu l fon ium methyl ide  genera ted  i n  s i t u  from t r i m e t l v l s u l f o n i u m  ch lo-  

r i d e  i n  d r y  benzene w i t h  powdered NaOH i n  t h e  presence o f  c a t a l y t i c a l  amounts of 



TEBA a c c o r d i n g  t o  t h e  procedure e l a b o r a t e d  r e c e n t l y  i n  o u r  l a b o r a t o r y  f o r  t h e  
s y n t h e s i s  of u n s t a b l e  ox i ranylqu inones .6  The p r o d u c t s  were i s o l a t e d  w i t h o u t  par -  
t i t i o n i n g  between w a t e r  and o r g a n i c  s o l v e n t ,  t h u s  t h e  d e l e t e r i o u s  e f f e c t  o f  wa- 

t e r  was e l iminafed .  When o x i r a n a s  & a n d  were s y n t h e s i z e d ,  t h e  r e a c t i o n  was 

more e f f e c t i v e  w i t h  dimethyloxosulfonium m e t w l i d e  a s  a  reagent .  Oxiranea trea- 
ted w i t h  methyl i o d i d e  (ace tone ,  room temp., 24 h )  gave meth iod ides  e x c a p t  when 

s t e r i c  hindrance o f  t h e  e l e c t r o n  p a i r  of t h e  n i t r o g e n  atom by t h e  o x i r a n e  r i n g  

occured (e,fi,&&,g o r  when they  e a s i l y  u n d e r r e n t  decomposi t ion (2b,$,). I n  
t b s e  c a s e s  p i c r a t e s  were prepared.  The r e s u l t s  of t h e  s y n t h e s i s  of o x i r a n y l -  
az ines  and t h e i r  c h a r a c t e r i s t i c s  a s  w e l l  a s  m e l t i n g  p o i n t s  of t h e i r  d e r i v a t i v e s  
are l i s t e d  i n  Table 1 ,  and t h e i r  ' H  NW s n e c t r a  a r e  g i v e n  i n  Table 1. 
For tk s y n t h e s i s  of t h i i r a n y l s z i n e s ,  potassium t h i o c y a n s t e  was used a s  a r e a -  
gent.7 It must be mentioned t h a t  s t a b i l i t y  of t h i i r a n e s  &.b,c was very low and 
some of t h e m  were accompanied by v i n y l a z i n e s  a s  p r o d u c t s  of t h e i r  thermal  de- 
composition and i n  t h e  casea  of  2 and E o n l y  v i n y l e z i n e s  % a n d  4 I w e r e  i s o l a -  

ted. N e v e r t h e l e s s ,  a s  shown i n  Table 2 ,  moat t h i i r a n y l  d e r i v a t i v e s  o f  a z i n e s ,  
being under  i n v e s t i g a t i o n ,  can be s y n t h e s i z e d  i n  t h e  s a t i s f a c t o r y  y i e l d .  ' H  NW 

8 data  o f  t h i i r a n y l a z i n e s  and v i n y l q u i n o l i n e s  e r e  g i v e n  i n  Tsb le  4. 

S t a r t i n g  a ldehydes  were prepared by o x i d e t i o n  of  methy laz ines  r i t h  Se02.9 F o r  
the s y n t h e s i s  o f  5- and 7 - f o r q y l q u i n o l i n e s  t h e  mix ture  o f  cor reeponding  methyl- 
qu ino l ines  ( s y n t h e s i z e d  from m-toluidine by t h e  Skraup r e a c t i o n l o  u s i n g  As205 a s  
an o x i d a n t )  was ox id ized  w i t h  Se02 and a ldehydes  formed were s e p a r a t e d  chromato- 
g r a p h i c a l l y  on s i l i c a  g e l  u s i n g  t -bu tanol  - hexane ( I : > )  a s  en  e l u e n t .  

EXPERIMENTAL 
a n t h e s i s  of  o x i r e n y l a z i n e s .  A s o l u t i o n  of a l d e w d e  (10 mM), t r i m e t b l s u l f o n i u m  
c h l o r i d e  (1.35 g, 12 mM), powdered sodium hydroxide (2.0 g ,  50 mil) end TGBA 
(0.05 g )  i n  d r y  benzene (40 ml) was p laced  i n  tk g l a s s - s t o p e r e d  f l a s k  and 
s t i r r e d  m a g n e t i c a l l y  a t  room temp. f o r  s u i t a b l e  t ime  (Table 1 ) .  The r e a c t i o n  

mixture was f i l t e r e d  th rough  C e l i t e  and t h e  s o l v e n t  was evepora ted  i n  vacuo. 
The r e s i d u e  was p u r i f i e d  on t h e  column packed w i t h  s i l i c a  g e l  u s i n g  c h l o r o f o r m -  
- e t h y l  a c e t a t e  : a s  a n  e l u e n t .  The c r y s t a l l i n e  p r o d u c t s  were r e c r y s t a l l i -  
zed from hexane. I n  t h e  c a s e  of  3, c h r o m a t o g r e p b  was omi t ted  end t h e  c rude  
product was r e c r y s t a l l i z e d  from hexane. 
2-Oxiranylpyridine & snd 1 - o x i r a n y l i s o q u i n o l i n e  f w e r e  a l s o  a y n t h e s i z e d  i n  
o ther  way. To t h e  v i g o r o u s l y  s t i r r e d  dimethyloxo.aulfonium methyl ide ,  p repared  
according t o  lit.5 from (CH3)3SOC1 (1.29 g ,  10 mM), t h e  s o l u t i o n  of 2-forqylpy- 
r i d i n e  10.86 g ,  8 a )  i n  d r y  ThT (10 ml) was added dropwise d u r i n g  15 min. The 
r e a c t i o n  mix ture  was d i l u t e d  w i t h  e t h y l  e t h e r f 6 0  ml) and worked up e s  d e s c r i -  
bed above. 
Synthes i s  o f  t h i i r a w l a z i n e s .  To a s o l u t i o n  o f  o x i r a n y l a z i n e  (5  mM) i n  e t h a n o l  
(15 m l ) ,  a s o l u t i o n  o f  potassium t h i o c y a n a t e  (0.58 g ,  6  ELM) i n  w a t e r  ( 5  m l ) ,  
was added end . the  r e a c t i o n  mix ture  rss allowed t o  s t a n d  a t  room tamp. f o r  s u i -  
t ab le  t ime  (Table 2)  w i t h  o c c w i o n a l  s t i r r i n g .  Ths r e a c t i o n  mix ture  was dilu-. 

ted w i t h  e t h y l  e t h e r  (70 ml)  and washed t w i c e  r i t h  s s t u r e t e d  aq. NaC1. A s m a l l  
amount of a c t i v e  carbon was added t o  t h e  o r g a n i c  l a y e r  which was al lowed t o  
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s t a n d  over  e n w d r o u s  K2C03. Then s o l i d  was f i l t e r e d  off end t h e  s o l v e n t  was eve- 
pora ted  from f i l t r a t e  i n  vacuo t o  g i v e  crude product which was eepere ted  o r  pu- 
r i f i e d  on t h e  column pecked w i t h  s i l i c a  g e l  u s i n g  chloroform - e t w l  a c e t a t e  

1 a s  en  e l u e n t .  

T e b l e  1. O x i r s n y l p y r i d i n e e ,  -qu ino l inee  end - i s o q u i n o l i n e s  

Cam- 

pound 

- 
2a - 

P o s i t i o n  Reac 1 o f  sub- I t i o h  I ~ i e l d I  'lD' I (IR C m 4 )  a * b )  
I -~ -~ 

l s t i t u e n t  t i m e ,  % OC ! cm-' 

5 25 o i l  820, 1128, 1252 

2 4  1 1 5  
I o i l  1 828, 1150, 1415 

o i l  

30-31 
42 

25-26 
16-19 

35-36 

~ e r i v s t i v e ~ )  

m.p. OC 

p i c r .  110-112 

p i c r .  105-106 
p i c r .  132-134 

flita4 130-1 
p i c r .  133 
meth. 145 

meth. 119 
meth. 126 
meth. 138 
meth. 136 

8 20 65 830, 1170, 1241 p i c r .  77-18 
828, 1128, 1240 p i c r .  126-128 

7 5 33 251 845, 1123, 1240 1 p i c r .  128-131 1 
' ) ~ d s o r ~ t i o n  bands c h e r e c t e r i s t i c  o f  t h e  o x i r a n e  ring.4 b ) ~ h e  IR s p e c t r e  com- 
pound 2-2 were measured i n  f i l m .  C, P i c r a t e  - p i c r . ,  methiodide - meth. 
d ,  (CHJ)2SO=Cl$ a s  e reagent .  ')NO TBBA we8 added. 

Teble  2. Reec t ion  of o x i r a n y l a z i n e e  w i t h  potassium i s o t h i o c y a n a t e  

Sub- Resc- 

t ime  

% a s i l y  decomposing a t  room temp. 

2a - 
2b - 
2 c  -, 
2d - 
2e  - 
2f -.. 

Produc ts  

95 
20 

46 

45 
43  
4 8  

Sub- 

stra- 
t e  

2g 
2 
2 
2 j  ,- 
2A 
2 

T h i i r a n y l a a  
Heec- 
tion 
t ime 

h 

48 
40 

70 
40 

72 
70 

Vinyl- 
m.p. 
OC 

o i l e )  
o i l s )  - 
o i l a '  

1 2  - 

N r  

,- 3a - 3b 
3c .- 

- 3e - 3f 

N r  

5 

4 2  

4 2  
4 2  

P r o d u c t s  

Yield 

45 

32 
51 
0 

7 

36 
0 

Yield 
% 
o 
0 

5 
11 

0 
26 

T h i i r e r w l e z i n e  
N r  

2 
,-.-. 3h 
3 2  
3 j  
3k 
31 

Vinyl- 
a z l n e  

Nr 

4~ 

9 
4 k  
& 

Yie ld  

% 

42 

54 
39 
40 

34 
46 

Yie ld  
% 
o 
0 
0 
0 
0 

0 

m.p. 
OC 

46-47 
64-66 

49-51 
18-20 

52-54 
50-52 



Table 3. NMR spectra  o f  o x i r a n y l a z i n a s  
- 

:amp. 
NO 

2a -. 

-CH2-);  4.05 OH, dd, J.4 Hz and 2.5 Hz,*); 7.44 IlH, dd, 5-8 Hz and 
0 

4 Hz, 5-H); 7.70 (lH, dd, 5.6 Hz and 2 Hz, 4-H); 8 .70-8.78 (2H, m, 2 and 
6-H). 
2.92 (IH, dd, J=6  Hz and 2.5 Hz, -el$-); 3.76 ( lH,  dd, J = 6  Hz and 4 Hz, 

H 

NW lwMHz ( c c ~ ~ ) ,  S ( p p r n ~  

2.99 OH, dd,  5.6 Hz and 2.5 Hz, -C%-1; 3.33 ( I H ,  dd, 5-6 Hz end 4 Hz, 
H 

2b --. 

4%-); 4.18 OH, dd, J = 4  Hz and 2.5 Hz, b); 1.37 OH, dd, 5-8 Hz end 

1 Hz, 3-H); 7.42 (IH, dd, J-8 Hz and 1 Hz, 5-H); 7 .75-1.94 (IH, m, 4-H) 
a .70-  8.76 O H ,  m. 6 4 ) .  
2.96 ( lH,  dd, J = 6  Hz end 2.5 Hz, -GI$-); 3.35 (IH, dd, 5-6 Hz and 4 Hz, 

H 

2d -. 

-C%-);  4.16 f I H ,  dd, 5.4 Hz and 2.5 Hz, ); 7.55-1.98 UH, rn, 5 , 6  
0 

and 7 4 ) ;  8.13 OH, d ,  5-2 Hz, 4-HI; 8.26 -8.36 ( In ,  m, 8-H); a.99 O H ,  d 
512 Hz, 2-H). 
2.88 OH, dd,  J = 6  Hz and 2.5 Hz, -C%- I ;  3.45 (IH, dd, 5.6 Hz and 4 Hz, 
-CH2-); 4.51 OH, dd,  J = 4  Hz and 2.5 Hz, b ); 7.48 OHI d,  5.5 HZ,  

3 -H) ;  1.62- 7.98 (ZH, m, 6 and I-H); 8.16 -8.28 (2H, m,  5 and 8-H); 9.03 
(IH, d ,  J i 5  Hz,  2-H). 
2.93 ( I H ,  dd, 516 Hz and 2.5 Hz, -CH2-1; 3.40(IH, dd, J = 6  Hz and 4 Hz, 

" 

- C l $ - 1 ;  4.00 (lH, dd, J=4  Hz and 2.5 Hz, q); 7-31  (2H, dd, J=4.5 Hz 

and 1.5 Hz, 7 snd 5-H); 8.74 (2H, dd, 5'4.5 Hz and 1.5 Hz, 2 and 6-H). 
3.08 [ I H ,  dd, J = 6  Hz and 2.5 Hz, -CH2-); 3.34 (lH, dd, 5-6 Hz and 4 Hz, 

H 
4%-); 4.38 f lH,  dd, 5-4 Hz and 2.5 Hz, /t7 ); 7.52 (IH, d ,  J=8 Hz, 3-I - 

2e - 

.. 
I - c H ~ - ) ;  4.35 (IH, dd, J = 4  Hz and 2.5 Hz, 1; 7.56 (1H. dd, J=8 HE am 

0 

U 
7.62- 8.00 (3H, m, 5 , 6  end 7-H); 8.28 fIH,  d ,  J=8 Hz, 4-H); 8.20- 8.34 
(lH, m,  8-H). 
3.03 OH, dd, J = 6  Hz end 2.5 Hz, -C%-); 3.39 OH. dd, J.6H.z and 4 Hz, 

U 

2h - 
4 Hz, 3-HI; 7.66- 7.92 (2H, m, 6 and I-H);  8.23 ( lH,  ad,  J=8 Hz and 2 Hz, 
4-H); 8.60 (IR, dd, J=8 Hz and 2 Hz, 8-H); 9.08 f lH,  dd, 5.4 Hz and 2 Hz, 
2-H). 

2.98 f I H ,  dd,  J = 6  Hz and 2.5 Hz, 4 % - I ;  3.36 OH, dd, 5-6 Hz and 4 Ha, 
-CH2-); 4.15 l l ~ ,  dd, 5.4 Hz end 2.5 Hz, b); 1.54 ( In ,  dd, J=8 Hz 

& 

U 
and 4 Hz, 7-H); 1 .13 (IN, dd, J.8 Hz and 2 Hz, 7-H); 7.78 (lH, a ,  5-2 Hz,  

5-H); 8.24 flH, dd, 5-8 Hz and 2 Hz, 4-H); 8.28 ( I H ,  d ,  J=8 Hz, 8-H); 9.0 
(IH, dd, 5-4 Hz and 2 Hz, 2-H). 

7.01 ( I H ,  dd, 5.6 Hz and 2.5 Hz, -C%-); 3.37 (lH, dd, J=6 Hz and 4 Hz, 
-C%-1; 4.19 (lH, dd, 5-4 Hz and 2.5 Hz, & ); 1.49 O H ,  dd, 558 Hz an 
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Table 3 ( c o n t i n u e d )  

2 Hz, 3-H); 7 .53 OH, d ,  J=8 Hz, 5-HI; 1.99 ( IH,  d ,  5.8 Hz, 6-H); 8.18 - 
8.90 (ZH, m, 4 and 8-H); 9.05 ( lH,  dd,  5-4 Hz and 2 Hz, 2-H). 
2.89 ( l H ,  dd,  J.6 Hzand 2.5 Hz, -C%-); 3.52 ( l H ,  dd, J = 6  Hz and 4 Hz, 

H 
-C%-); 5.22 OH, dd, 5.4 Hz and 2.5 Hz, /h ); 7.62 OH, dd,  5'8 Hz 

0 
and 4 Hz, 3-H); 7.70- 7.96 OH, m, 5 ,  6 and 7-H); 8 .33 (IH, dd, J=8 Hz 
and 2 Hz, 4-HI; 9.1 1 ( 1 H .  dd. J=4  Hz and 2 Hz, 2-H). 
3.33 OH, dd, 5.6 Hz and 4 Hz, -CH2-I; 3.60 ( lH,  dd, J = 6  Hz and 2.5 Hz, 

H 
-C%-1; 4.63 ( lH,  dd, 5 . 4 H z a n d 2 . 5  H z , / b  ); 1 . 6 8 -  8.04 (4H, m, 4 ,  

0 
5, 6 and I - H ) ;  8.60-8.72 (2H, m, 3 and 8-H). 
3.13 ( l H ,  dd, 5.6 Hz and 2 Hz, -CH2-);  3.37 ( l H d d ,  5.6 Hz end 4 Hz, 
-CH2-); 4.30 ( I H  dd, J = 4  Hz and 2 Hz, ; 1 . 1 0 - 8 . 2 0 ( 5 H ,  m, 4 ,  5 ,  6 ,  
7 and 8-H); 9.36 (IH,  s ,  I-HI. 

Table 4. I H  NW s p e c t r a  of t h i i r a n y l s z i n e a  and v i w l q u i n o l i n e a  

Comp. 
N O  

3a - 

3 b  

36 

2 

3 8  - 

3h - 

I H  NMH lOOYHe (El4 I ,  $1 ppm ) 

3.04' ( I H ,  dd, 556.5 Hz .and 1 Hz, -C%-); 3.19 (IH, dd, 5.5.5 Hz and 1 Hz, 
H 

-CH2-); 4.19 ( l H ,  dd, J=6.5 Hz and 5.5 Hz, /h ); 7.26-7.52 (2H, m, 
S 

3-H end 5-H J; 7.10- 7.90 O H ,  m, 4-HI; 8.64- 8.74 llH, m, 6-HJ. 

2.95 (lH, dd, 5% Hz and 1.5 Hz, -C%- ); 3.24 ( l H ,  dd, 5x6 Hz and 1.5 Hz, 

-C%-1; 4.20 O H ,  t ,  5-6 Hz, ) 7.56 (1.. dd, J=8 Hz and 4.5 Hz, 

5-H); 7.94 (IH,  d t ,  J=8 Hz and 2 Hz, 4-H); 8.82 (IH, dd,  J=4.5 Hz and 2 Hz 
6-HI; 8.92 (IH, d ,  J.2 Hz, 2-HI. 

H 
3.12 -3.30 (2H, m, -CH2-); 4.42 (lH, t ,  5.6 Hz, &7 ); 1.45 IlH, d ,  

S 
558 Hz, 3-HI; 7 .66-  7.99 (3H, m, 5 ,  6 end-7-HI; 8.23 OH, d ,  5.8 Hz, 4-H); 
8.16 - 8.32 ( lH,  m, 8-HI. 

2.90 ( 1  H,  dd, J=6 Hz and 1.5 Hz. -CH2- ); 9.10 1 I H ,  dd, J=6 Hz end 1.5 Hz, 

-C%-); 4.16 ( I H ,  t ,  J = 6  Hz, ; 7.60- 1 .93  (3.. !n, 5 ,  6 and 7-H); 

8.07 OH, d ,  5'2 Hz, 4-H); 8 . 1 3 - 8 . 3 3  IlH, m, 8-H); 8.94 OH, d ,  J = 2  Hz,2- 

3.12 (lH, dd, J = 6  Hz and 1.5 Hz, -CH2-I;  3.34 ( I H ,  dd, 5.6 Hz and 1.5 Hz, 

C -  4.76 (IH, t ,  5'6 Hz, ; 7.76- 8.06 (3.. m, 3 ,  6 and 7-H); 

8 .34-8.45 ( IH,  m, 4-H); 8 .94-9 .06  flH, m, 8-HI; 9 .26-9.34 ( I H ,  m, 2-H). 

3.02 ( l H , d d , J = 6 H z a n d 1 . 5 H z , - C H 2 - ) ; 3 . 2 4  ( l H , d d , J = 6 H z a n d 1 . 5 H a ,  
H 

-CH2-1; 4.33 (IH, t ,  5.6 Hz, /h); 7.59 f l H ,  dd, J = 8 H z  and 4 Hz, 3-HI; 
S 

7.80 ( In .  dd, J = 9  Hz and 2 Hz, 7-H); 8.02 I I H ,  d ,  512 Hz, 5-H); 8.28-8.4C 



Table 4 (cont inued)  

(2H, m, 4 and 8 - H I ;  9.17 (IH, dd,  J=4  Hz end 2 Hz, 2-H). 
2.95 (IH,  dd,  J=6  Hz end 1.5 Hz, -CH2-); 3.16 f I H ,  dd,  5.6 Hz and 1.5 Hz, 

H 
-CH2-); 4.28 ( lH,  t ,  J=6Hz, /h ); 7.44- 7.62 f2H, m ,  3 and 5-H); 7.88 

S 
( I H ,  d ,  J = a H z ,  G-H); 8.18-8.34 (ZH, m, 4 a n d 8 - H ) ;  9 . 0 4 - 9 . 1 2 ( l ~ ,  m,2-I 
2.80 ( IH,  dd ,  J=6  Hz and 1.5 Hz, -CHF); 3 . 3  (IH, dd,  J=6  Hz and 1.5 Hz,  

-CH2-); 5.45 I l H ,  t ,  J=6  Hz, ;5 ); 7.68 ( lH,  dd,  J-8 Hz and 4 Hz, 3-H); 

7.68- 7.90 (3H, m, 5,  6 and 7 - H ) ;  8.27 (lH, dd,  5.8 Hz and 2 Hz, 4-H); 
9.11 (1H, dd. J = 4  Hz end 2 Hz, 2-H). 
3.09 ( I H ,  d ,  J=6  HZ, -C%- ); 4.01 (IH, d ,  Jr5.5 Hz, -CH2-); 4.76 OH, dd,  
J=6  Hz and 5.5 Hz, b ) ;  7.70- 8.10 14H, m,  4 , 5 , 6 e n d  7-H); 8.57- 8.72 

(2H, m, 3 and 8 - H ) .  
3.09 ( t H , d ,  J=6 .5Hz ,  -CH2-);  3.40 (IH, d ,  J = 5 . 5 H z ,  -C%-); 4.34 (lH, dd 

5-6.5 Hz and 5.5 Hz. )"'.I - 8.20 l5H, m. 4. 5 . 6 .  7 m d  8-H); 9.35 
(lH, s, 1-HI .  

5.80 ( lH,  dd. 5312 Hz and 2 Hz, =C%); 6.47 ( lH,  dd,  J=18 Hz and 2 Hr,=C% 
7.20 OH, dd,  J=18  Hz and 12 He,-CH=); 7.60- 7.96 (4H, m, 3, 5, 6 s n d  7-HI; 
8.19 (IH, d ,  J=8 Hz, 4-H); 8.14-8.34 ( l H ,  m. 8-H). 
5.86 OH, dd,  J - I 1  Hz end 2 Hz, =CHZ)i 6.14 (IH, dd,  J = l 8  Hz and 2 HE, =CH 
7.45- 8.w (4H, m,  -CH= , 3,  6 and 7-H); 6.22 -8.42 (ZH, m,  5 end 8-H); 
9.06 (IH. d .  J=5  Hz. 2-H). 
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