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ORGANIC PREPARATIONS AND PROCEDURES INT. 20(1), 63-72 (1988) 

SYNTHESES OF w-ALKYNYL ALDEHYDES AND KETONES - via  OXIDATION OF 

U-ALKYNYL ALCOHOLS WITH P Y R I n I N I U Y  DICHROMATE 

Donald E. Bierer and George W. Kabalka" 

nepartment  of  Chemistry and Department of Radiology 
U n i v e r s i t y  of Tennessee 

K n o x v i l l e ,  Tennessee 37996-1 600 

Pyr id in ium d ich romate  (PDC) i s  an e f f e c t i v e  r e a g e n t  

f o r  t h e  o x i d a t i o n  of a l c o h o l s  and a number of m o d i f i c a t i o n s  

of t h e  o r i g i n a l  p r o c e d u r e  have been reported.:! 

i n g l y ,  PDC h a s  n e v e r  been used t o  o x i d i z e  non-con juga ted  

a c e t y l e n i c  a l c o h o l s .  A s  p a r t  of a p r o j e c t  i n v o l v i n g  t h e  

s y n t h e s i s  of a number of u n s a t u r a t e d  amino a c i d s ,  w e  i n v e s t i -  

g a t e d  t h e  s y n t h e s i s  of a se r ies  of  w-alkynvl k e t o n e s  and 

a ldehydes .  We now r e p o r t  t h a t  t h e  PDC o x i d a t i o n  of  w-alkynyl 

a l c o h o l s  i s  an e f f e c t i v e  r o u t e  t o  t h e  c o r r e s p o n d i n g  w-alkynvl 

c a r h o n y l  compounds (Tab le  I ) .  

T n t e r e s t -  

0 
I I  

RCECCH, (CH2)nCH20H PDC RCECCH, (CH2)nCH 

2 - 1 - 
0 
I I  

PDC RCECCH, (CH,) .CCH3 
YH 

RCECCH 2 ( CH 2 ) ,CHCH 3 

3 - 4 - 

a ) R = H , n = 1  d) R = (CH,),Sf-,  n = 2 
b) R = H ,  n = 2 e) R = (CH3)3S i - ,  n = 7 
c ) R = H , n = 7  

O 1 9 8 8  by Organic Preparations and Procedures Inc. 
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B I E R E R  AND KABALKA 

Tab le  I 

O X I D A T I O N  OF ALKYNYL ALCOHOLS WITH P Y R I D I N I r J M  DICHROMATE 

P roduc t  R a t i o  of I s o l a t e d  mp. of ?,4-DNP 
Alcohol  : PDC Y i e l d  ( " 0  

2a 1 : 2  2 1 %  132.5-1 33.5 

2b 1 :1.5 52X 103 .5  

2 C  1 :1 .5  6 4X 85.5" 

2d a 1 : 1  . 5  5 7x 1 n9.5-11 n 

2e 1 : 2  h 3X 74.5-75.5 

4bb 1 :2c 804, 115-116 

4c 

4e 

a 

1 : 2 c  812 78.5-79.5 b 

b 1 : 2 c  84X 30-31 
---I ---- - -~ - ~ - -  

a )  The s t a r t i n g  a l c o h o l  was p repa red  by s e q u e n t i a l  t r e a t m e n t  
of  t h e  c o r r e s p o n d i n g  a c e t y l e n i c  a l c o h o l  w i t h  n-RuLi ( 2  
e q u i v . ,  -78"C),  (FH3) , S i c 1  (2  e q u i v . ,  -78+0"), and HOAc 
( e x c e s s ,  O+25"C). b)  The s t a r t i n g  secondary  a l c o h o l  w a s  
p r e p a r e d  by r e a c t i o n  of t h e  c o r r e s p o n d i n g  a ldehyde  w i t h  
CH,MgI ( 1 . 0 5  e q u i v . ,  0°C).  Removal of t h e  t r i r n e t h y l s i l y l  
p r o t e c t i n g  group w a s  accomplished by  s e q u e n t i a l  t r e a t m e n t  
w i th  AgNO, ( 2 . 7  e q u i v . )  and KCN (12.8 e q u i v . ) . 4  c )  O x i d a t i o n  
of t h e  secondary  a l c o h o l  w a s  performed i n  t h e  p r e s e n c e  o f  
pyr id in ium t r i f l u o r o a c e t a t e  (0 .4  e q u i v ) . '  

EXPERIMENTAL SECTION 

The 'H and l3-NYR spec t r a  were o b t a i n e d  on a JKOL-FX90Q 
s p e c t r o m e t e r  i n  C D C l ,  s o l u t i o n s  u s i n g  TMS as an i n t e r n a l  
s t a n d a r d .  I R  s p e c t r a  were o b t a i n e d  on a Perkin-Elmer Model 
1330 s p e c t r o m e t e r .  M e l t i n g  p o i n t s  were r eco rded  u s i n g  a 
F i s h e r - J o h n s  m e l t i n g  p o i n t  a p p a r a t u s  and are  u n c o r r e c t e d .  
E lemen ta l  a n a l y s e s  were performed on each of t h e  new k e t o n e s  
h v  G a l b r a i t h  L a b o r a t o r i e s ,  K n o x v i l l e ,  Tennessee.  E lemen ta l  
a n a l y s e s  were n o t  g e n e r a l l y  performed on i n t e r m e d i a t e  s i  l y l  
a l c o h o l s  and a ldehydes  s i n c e  t h e y  were u t i l i z e d  t o  p r e p a r e  
k e t o n e s  which were f u l l y  c h a r a c t e r i z e d .  

Commercially a v a i l a b l e  samples  of 10-undecyn-1-01 (Wiley)  
5-hexyn-1-01 ( F a r c h a n ) ,  4-pentyn-1-01 ( F a r c h a n ) ,  n - b u t y l -  
l i t h i u m  ( A l d r i c h ) ,  c h l o r o t r i m e t h y l s i l a n e  ( A l d r i c h ) ,  
p y r i d i n i u m  d ich romate  ( A l d r i c h )  , methyl  i o d i d e  ( A l d r i c h )  , 
s i l v e r  n i t r a t e  ( M a l l i n c k r o d t ) ,  and po ta s s ium c y a n i d e  ( F i s h e r )  
were used as r e c e i v e d .  Methylene c h l o r i d e  w a s  d i s t i l l e d  o v e r  
P,O, under  n i t r o g e n  and s t o r e d  o v e r  a c t i v a t e d  m o l e c u l a r  s i e v e  
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SYNTHESIS OF U-ALKYNYL ALDEHYDES AND KETONES 

beads (4A, F i s h e r ) .  T e t r a h y d r o f u r a n  and d i e t h y l  e t h e r  were 
d i s t i l l e d  from sodium/benzophenone. Glassware and equipment 
were oven-dried and f l u s h e d  w i t h  n i t r o g e n  p r i o r  t o  u s e .  
P r o t e c t i o n  o f  Terminal  Alkynes.  Genera l  Procedure .  - The 
s y n t h e s i s  of  6-trimethylsilyl-5-hexyn-1-01 (1 d) i s  r e p r e -  
s e n t a t i v e .  A 250 mL round bottomed f l a s k  equipped w i t h  a 
septum i n l e t ,  magnet ic  s t i r r i n g  b a r ,  p r e s s u r e  e q u a l i z i n g  
a d d i t i o n  f u n n e l ,  and gas  o u t l e t  (mercury b u b b l e r )  was assem- 
b l e d  whi le  h o t ,  and t h e n  f l u s h e d  w i t h  n i t r o g e n  w h i l e  b e i n g  
f l a m e - d r i e d .  The r e a c t i o n  f l a s k  was cooled t o  -78" under a 

stream of n i t r o g e n  and t h e n  - n - b u t y l l i t h i u m  (20 mmol, 12 .9  mL 

of  a 1.55 M s o l u t i o n  i n  hexane) was t r a n s f e r r e d  i n t o  t h e  
r e a c t i o n  f l a s k  by means of a double-ended n e e d l e .  Anhydrous 
THF (20 mL) w a s  a d d e d  t o  t h e  f l a s k  by means of a s y r i n g e  and 
t h e  s o l u t i o n  cooled  t o  -78°C. A s o l u t i o n  of 5-hexyn-1-01 (10  
mmol, 0.98g) i n  anhydrous THF (10 mL) w a s  t r a n s f e r r e d  t o  t h e  
a d d i t i o n  f u n n e l ,  and added dropwise t o  t h e  f l a s k  w i t h  s t i r -  
r i n g  a t  -78"  f o r  0.5 h r .  C h l o r o t r i m e t h y l s i l a n e  (21 mmol, 
2.66 mL) w a s  t h e n  added dropwise ,  a t  - 7 8 " ,  and t h e  m i x t u r e  
s t i r r e d  f o r  2 . 5  h r s .  During t h i s  p e r i o d ,  t h e  f l a s k  was 
al lowed t o  g r a d u a l l y  w a r m  t o  0'. A c e t i c  a c i d  (259,, 40 mL) 
w a s  then  added a t  O", and t h e  m i x t u r e  s t i r r e d  a t  room temper- 
a t u r e  f o r  1 h r .  The o r g a n i c  l a y e r  was s e p a r a t e d  and t h e  
aqueous l a y e r  e x t r a c t e d  i n t o  e t h e r  (4x50 mL). The combined 
e t h e r a l  l a y e r  w a s  washed w i t h  conc.? aqueous H C 1  (50 mL) 
s a t u r a t e d  aqueous sodium c h l o r i d e  (50 mL) and d r i e d  over  
anhydrous MgSO,. F i l t r a t i o n ,  fol lowed by e v a p o r a t i o n  of t h e  

s o l v e n t ,  gave a c rude  ye l low o i l .  P u r i f i c a t i o n  by f l a s h  
column chromatography ( s i l i c a  g e l ,  15% e t h y l  a c e t a t e - p e t r o -  
leum e t h e r )  a f f o r d e d  1 . 6 5 ~  (96%) of pure  as a c o l o r l e s s  
o i l  'H-NMR (CDC1,): 6 4.42 ( s ,  l H ,  O H ) ,  ( t ,  2 H ,  J=5.9 H z ,  

0.14 ( s ,  9H, ( C H 3 ) 3 S i - ) ;  13C-NMR (CDCl,): 6 107.16 

((CH,)3Si-C=C), - 54.71 ((CH3)3Si-CzC), - 62.04 (CH20H), - 31.59, 
24.88, 19.57 (CH2's) 0.12 ( ( C H 3 ) , S i - ) ;  I R :  3340 c m - '  ( b r ,  
O H ) ,  2180 cm-l ( C E C ) .  
11-Trimethylsilyl-10-undecyn-1-01 ( l e ) .  - Treatment  of  
10-undecyn-1-01 ( 2 5  mmol, 4 . 2 1 ~ )  w i t h  - n - b u t y l l i t h i u m  (50 

- C H 2 0 H ) ,  2.26 ( t ,  2H, J=6.6 H z ,  CJZ-CEC), 2.75-2.5 (m, 4H), 
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BIERER AND KABALKA 

mmol, 32.3 mL of  a 1.55 - M s o l u t i o n )  a t  -78" ,  fo l lowed  by 

s u c c e s s i v e  t r e a t m e n t  w i t h  c h l o r o t r i m e t h v l s i l a n e  ( 5 2 . 5  mmol, 
6.7 mL) and a c e t i c  a c i d  (25X, 20 mL) gave 5 . 9 8 ~  (99%) of - l e  

as a c o l o r l e s s  o i l  a f t e r  p u r i f i c a t i o n  hv f l a s h  column chroma- 
tog raphy  ( s i l i c a  g e l ,  10% e t h y l  a c e t a t e - p e t r o l e u m  e t h e r ) .  

'H-NMR ( c D c ~ ~ ) :  6 3.62 ( t ,  ?H ,  ~ = 6 . 4  YZ, - C H ~ O H ) ,  2 .20  ( t ,  
2 H ,  J=6 .4  H z ,  - CH2-C:C-), 1.81 ( s ,  l H ,  O H ) ,  1.31 (m, 14H1, 

( ( C H 3 ) 3 S i C ~ C ) ,  - 84.31 ( ( C H 3 ) 3 S i - C ~ C - ) ,  - 62 .96  ( C H , O H ) ,  32.81,  

( ( C H 3 ) 3 S i - ) ;  I R  ( n e a t ) :  3340 cm-' ( b r ,  O H ) ,  2180 cm-' ( C r C ) .  

O x i d a t i o n  o f  Pr imary Alkynyl  A l c o h o l s .  Gene ra l  P r o c e d u r e ' .  - 
The s y n t h e s i s  of  11-trimethylsilyl-10-undecynal (&) i s  
r e p r e s e n t a t i v e .  To an oven-d r i ed  250 mL round-bottomed f l a s k  

f i t t e d  w i t h  a septum i n l e t  w a s  added f r e s h l v  ground p y r i -  
dinium d ich romate  (PDC, 63.46 mmol, 2 3 . 8 7 ~ ) .  The f l a s k  w a s  
equipped wi th  a magne t i c  s t i r r i n g  b a r ,  r e f l u x  c o n d e n s e r ,  and 

a gas  o u t l e t  (mercury b u b b l e r ) .  The a p p a r a t u s  was assembled 

w h i l e  h o t ,  purged w i t h  n i t r o g e n  w h i l e  b e i n g  f l a m e - d r i e d ,  and 
a l lowed  t o  come t o  room t e m p e r a t u r e  under  a s t r eam of  n i t r o -  
gen. Anhydrous methylene c h l o r i d e  ( 6 0  mL) w a s  added t o  t h e  

f l a s k ,  fo l lowed  by a s o l u t i o n  of 1 1 - t r i m e t h y l s i l y l - 1 0 -  

undecyn-1-01 (31.73 mmol, 7 . 6 3 ~ )  d i s s o l v e d  i n  anhydrous 
methylene c h l o r i d e  (5  mJ,). The m i x t u r e  was s t i r r e d  a t  room 

t e m p e r a t u r e  f o r  20 h r s ,  d u r i n g  which t ime t h e  r e a c t i o n  
m i x t u r e  became d a r k  and t h i c k .  I t  w a s  d i l u t e d  w i t h  e t h e r  (50  
mL) and t h e  l i q u i d  l a y e r  d e c a n t e d .  The t a r r y  r e s i d u e  w a s  
washed r e p e a t e d l y  w i t h  e t h e r  (50 mL p o r t i o n s )  u n t i l  t h e  
r e s i d u e  became powdery. The combined e t h e r a l  washings w e r e  

t h e n  f i l t e r e d  through a s h o r t  column of s i l i c a  g e l  t o  remove 
i n s o l u b l e  chromium by-p roduc t s .  Evapora t ion  of t h e  s o l v e n t ,  
and by p u r i f i c a t i o n  bv column chromatography ( s i l i c a  g e l ,  5% 
e t h y l  a c e t a t e - p e t r o l e u m  e t h e r )  gave 4 . 8 0 ~  (63%) of  - 2e as a 

c o l o r l e s s  o i l .  'H-NMR ( C D C I ~ ) :  6 9.76 ( t ,  I H ,  ~ = 1 . 7 5  H Z ,  

C H O ) ,  2.43 ( t ,  2 H ,  J=6.5 H z ,  - CH,CHO), 2 .71  ( t ,  2 H ,  J=6.4 H z ,  

- CH2-CzC), 1.32 (m, 12H), 0.14 ( s ,  9H, (CH3)3Si);  1 3 C - N M R  

(CDCl,): 6 202.81 (CHO), 107.65 ((CH,>,Si-C:C-), 94.73 

0.14 ( s ,  9H, (CH3)3Si-) ;  1 3 C - N M R  (CDC13): 6 107.76 

29.48, 29.40, 29.05, 28.80, 25.64, 25.77, 19.87 ( C Y ~ I S ) ,  0.21 
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S Y N T H E S I S  OF U-ALKYNYL ALDEHYDES AND KETONES 

((CH3)3Si-C:C-R), - 43.92 (CH2CHO), - 2 9 . 2 1 ,  29 .10 ,  28.86,  28 .70 ,  

28 .59 ,  22.09,  19.84 ( C H 2 ' s ) ,  0 .23 ( (CH313Si ) ;  I R  ( n e a t )  2932 
c m - '  ( C H 2 ' s ) ,  2862 c m - ' ,  277.2 c m - '  (CHO), 3155 c m - '  (C:C), 
1730 c m - '  (C=O), 1243 cm", 845 cm", 767 cm" 
2,4-DNP, mp., 74.5-75.5".  
Anal .  Ca lcd .  f o r  C,oH30N,0,Si: C ,  57.39;  H, 7.27,  N ,  13 .39;  
S i ,  6.71 Found:  C ,  57 .22;  H ,  7 .25 ;  N ,  13 .41 ;  
S i ,  6 .39 
6-Trimethylsilyl-5-hexynal ( 2 d ) .  - T r e a t m e n t  of h - t r i m e t h y l -  
s i l y l - 5 - h e x y n - 1 - 0 1  (5 .93  mmol, 1 . 0 0 ~ )  w i t h  PDC (9.0 mmol, 
3 .39g)  i n  anhydrous  m e t h y l e n e  c h l o r i d e  (5.5 mL) gave 0.57g 
(57%) o f  - 2d as a c o l o r l e s s  o i l  a f t e r  column ch romatography  
( s i l i c a  g e l ,  i ne thy lene  c h l o r i d e ) .  'H-NMR (CDC1,) : 6 9. 8 0  

( t ,  lH, J=1 .3  Hz, CHO), 2.59 ( t ,  2 H ,  .J=7.0 Hz, CHzCHO), 2.30 
( t ,  2 H ,  J=6 .8  Hz, CH2-C:C), 1 .83 (m, 2 H ,  CH,), 0 .14  ( s ,  9H, 

(CH3)3S i )  ; 13C-NMR (CDC13): 6 301.73 (CHO), 105.87 
((CH3) ,Si-C=C-R),  - 85.77 ( (CH3) 3Si-CzC-R), - 42.65 (E ,CHO) ,  

21 .00 ,  19.21 (CH2 ' s )  0.07 ( ( C H 3 ) 3 S i ) ) ;  I R  ( n e a t ) :  2920 cm" 
(CH2), 2860 cm-', 2760 c m - l  ( C H O ) ,  2178 cm-' ( C E C ) ,  1730  cm-' 
(C=O) , 1245 cm" , 848 c m - '  , 768 c m - l .  
2,4-DNP d e r i v a t i v e ,  mp. 109.5-11n". 
10-Undecynal  (2c ) .  - R e a c t i o n  of 10-undecyn-1-01 (50  m m o l ,  
8 . 4 1 ~ )  w i t h  PDC (75  mmol, 2 8 . 2 ~ )  i n  anhydrous  m e t h y l e n e  
c h l o r i d e  (75  mL) gave 5 . 3 2 ~  (647)  o f  - 2c as a c o l o r l e s s  o i l  
a f t e r  column ch romatography  ( s i l i c a  g e l ,  5X e t h y l  ace t a t e -  

p e t r o l e u m  e t h e r ) .  'H-NMR (CDC13): 6 9.75 ( t ,  lH, J=1 .75  Hz, 

1 .97 ( t ,  lH, J=2 .8  Yz, - H - C E C ) ,  1 .93 (m, 12H);  1 3 C - N M R  

43.89 (CH2CHO), - 29.21 ,  29 .10 ,  28.89,  28 .64 ,  28.42,  22.06,  

18.38 (CH, ' s ) ;  I R  ( n e a t ) :  3295 c m - '  (CEC-H), 2840 cm-', 7 7 2 0  
cm-' (CHO), 2120 c m - '  (C:C), 1718 c m - I  (C=O). 
2,4-DNP d e r i v a t i v e ,  mp. 8 5 . 5 " ,  l i t .5  86". 

5-Hexynal  ( 2 b ) .  - R e a c t i o n  of 5-hexvn-1-01 (20  mmol, 1 . 9 6 ~ )  
w i t h  PDC d i c h r o m a t e  (30  mmol, 11.29g) i n  anhvdrous  m e t h y l e n e  
c h l o r i d e  (30  mL) gave  1 .0g (52X) o f  2b as a c o l o r l e s s  o i l  
a f t e r  column ch romatography  ( s i l i c a  g e l ,  10% e t h y l  a c e t a t e -  

p e t r o l e u m  e t h e r ) .  H-NMR (CDC13): 6 9.50 ( t ,  l H ,  J = l  . 3  Hz, 

CHO), 2.42 ( t ,  2 H ,  J = 7 . 2  H z ,  - CH,CHO), 2.16 ( t ,  2 H ,  - C H Z - C - C ) ,  

(CDC13) : 6 202.87 (CHO), 84.66 (H-CEC-R), - 6A. 16 (H-CEC-R), - 

- 
1 
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BIERER AND KABALKA 

CHO), 2.63 ( t ,  2 H ,  J=7 .0  H z ,  - CH2CHO), ?.28 ( t ,  2 H ,  5 ~ 6 . 8  Hz, 
C-C-CHz), - 2.0-1.7 (m, 3H, C H 2 ,  H-C-C) 1 3 C - N M R  (CDC13): 6 

201.73 ( c = o ) ,  83.17 (H-CFC-R) ,  69.38 ( H - C Z C - R ) ,  - 47.54 

(CH2CHO), - 20.84, 17.78 (CH, ' s ) ;  I R  ( n e a t ) :  3295 cm-' 
(H-CzC), 2920 c m - '  (CH2),  2840 cm-', 2740 cm-' (CHO), 2130 

cm-' (CFC),  1725 cm-' (C=O), 1 1 1 2  c m - ' ,  906 cm" ,  845 c m - ' .  
2,4-DNP d e r i v a t i v e ,  mp. 102.5",  l i t .6  90-91". 

Anal. C a l c d .  f o r  C 1 2 H 1 2 N 4 0 4 :  C ,  5 2 . 1 7 ;  H ,  4 .38;  N ,  30.28 
Found: C ,  51.71; H ,  4 .46;  N ,  19.94 

4 -Pen tyna l  ( 2 a ) .  - 4-Pentyn-l -ol (297.2 mmol, 2 5 .  0a)  w a s  
t r e a t e d  w i t h  PDC (594 mmol, 2 2 3 . 6 ~ )  i n  anhydrous m e t h y l e n e  
c h l o r i d e  (500 mL) .  A f t e r  20 h r s ,  t h e  m i x t u r e  w a s  d i l u t e d  
w i t h  e t h e r  (100 mL) and t h e  l i q u i d  l a y e r  decan ted  o f f .  The 

t a r r y  r e s i d u e  was washed r e p e a t e d l y  with e t h e r  (100 mL 

p o r t i o n s )  u n t i l  t h e  r e s i d u e  became g r a n u l a r .  The combined 
e t h e r e a l  f r a c t i o n s  were f i l t e r e d  th rough  a s h o r t  s i l i c a  g e l  

column t o  y i e l d  a l i g h t  brown o i l .  P u r i f i c a t i o n  by column 

chromatography ( s i l i c a  g e l ,  methylene c h l o r i d e ) ,  removal of 
t h e  s o l v e n t  by f r a c t i o n a l  d i s t i l l a t i o n  u s i n g  a 40 c m  packed 
g l a s s  bead column, and f i n a l  d i s t i l l a t i o n  of t h e  p roduc t  

( 4 0 ° ,  20 t o r r )  Rave 5.07g (21%) of - ?a  as a c o l o r l e s s  o i l .  

'H-NMR ( c D c I 3 )  : 9.80  ( t ,  I H ,  J = I  .8 H Z ,  C H O ) ,  3.0-2.4 ( m ,  
4H), 1.97 ( t ,  l H ,  J=2.8 H z ,  H-CEC); 1 3 C - N M R  (CDCl,): 6 

(CH2CHO), - 11.55 ( H - C F C - E ~ ) ;  I R  ( n e a t ) :  37.92 cm-' (H-CzC-), 

2920 cm-' (CH2) 2840 cm-l ,  27L0 cm-' (CHO), 2130 c m - '  ( C z C ) ,  

1 7 2 5  cm-' ( C = O ) .  

2,4-DNP, mp. 132.5-133.5",  l i t . 7  130". 
Anal.  C a l c d .  f o r  C l l H 1 0 N 4 0 4 :  C ,  50.38; H ,  3.84; N ,  21.36 

Found: C ,  50.39; H ,  3.88; N ,  31.26 

200.08 (CHO), 82.33 (H-CZC-R), - 69.75 (H-C-C-R), - 42.21 

P r e p a r a t i o n  of Secondary Alcoho l s .  Gene ra l  P rocedure .  - The 
s y n t h e s i s  of 11-dodecyn-2-01 (3c)  i s  r e p r e s e n t a t i v e .  

Magnesium t u r n i n g s  (19.1 mmol, 0 . 4 7 g )  were p laced  i n  an 
o v e n - d r i e d ,  100 m1, round bottomed f l a s k  f i t t e d  w i t h  a septum 
i n l e t .  The f l a s k  was equipped w i t h  a maEnetic s t i r r i n g  b a r ,  
CLaisen head a d a p t e r ,  a d d i t i o n  f u n n e l ,  and Dry I c e  
condense r .  The a p p a r a t u s  w a s  assembled h o t ,  f lame d r i e d ,  

purged w i t h  n i t r o g e n ,  and al lowed t o  c o o l  under  a s t r eam of  
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S Y N T H E S I S  OF U-ALKYNYL ALDEHYDES AND KETONES 

n i t r o g e n .  An i o d i n e  c r y s t a l  w a s  added and t h e  system f l u s h e d  
w i t h  n i t r o g e n .  The condenser  was cooled t o  -78",  and 
anhydrous e t h e r  (25 mL) added t o  t h e  f l a s k .  Methyl i o d i d e  
(20 mmol, 1.25 mL) w a s  added and t h e  m i x t u r e  s t i r r e d  a t  room 

t e m p e r a t u r e  u n t i  1 t h e  magnesium d i s s o l v e d  ( -  30 m i n u t e s ) .  
The r e a c t i o n  f l a s k  w a s  cooled t o  O " ,  and t h e n  a s o l u t i o n  of 
11-trimethylsilyl-10-undecynal (17.74 mmol, 4 . 2 3 ~ )  i n  
anhydrous e t h y l  e t h e r  (10 mL) w a s  t r a n s f e r r e d  t o  t h e  a d d i t i o n  
f u n n e l  and added dropwise t o  t h e  r e a c t i o n  m i x t u r e .  A f t e r  t h e  
a d d i t i o n ,  t h e  m i x t u r e  w a s  s t i r r e d  a t  0" f o r  3 h r s .  Water (10 
mL) and conc. H C 1  ( 5  mL) were t h e n  a d d e d  s e q u e n t i a l l y  
(dropwise)  t o  t h e  m i x t u r e  a t  0 " ,  and s t i r r i n g  w a s  cont inued  
u n t i l  a l l  of t h e  p r e c i p i t a t e  had d i s s o l v e d .  The e t h e r  l a y e r  
was s e p a r a t e d ,  and t h e  aqueous l a y e r  e x t r a c t e d  wi th  e t h e r  
(3x25 mL).  The combined e t h e r e a l  e x t r a c t s  were washed 
s e q u e n t i a l l y  w i t h  a sodium t h i o s u l f a t e  s o l u t i o n  ( 5 X ,  25 mL) 
and water (25 mL), and t h e n  d r i e d  o v e r  anhydrous magnesium 
s u l f a t e .  F i l t r a t i o n ,  fol lowed by removal of t h e  s o l v e n t  gave 
4 . 5 ~  of a ye l low o i l .  The c r u d e  a l c o h o l  w a s  d i s s o l v e d  i n  
e t h a n o l  (40 mL) and p laced  i n  a 500 mL round-bottomed f l a s k  
equipped w i t h  a magnet ic  s t i r r i n g  bar  and an a d d i t i o n  
f u n n e l .  A 0.66 M s o l u t i o n  of s i l v e r  n i t r a t e  (47.9 mmol, 
8.1 3g i n  72 mT, of 1 : 3  H20-EtOH) w a s  p laced  i n  t h e  a d d i t i o n  

f u n n e l  and added dropwise a t  room t e m p e r a t u r e  over  a 15 
minute  p e r i o d .  The m i x t u r e  was s t i r r e d  a t  50°C f o r  1.5 
h o u r s ,  d u r i n g  which t i m e  a b l a c k  p r e c i p i t a t e  formed. P o t a s -  
sium cyanide  (240 mmol, 15.63g) was added dropwise as a 10 ?I 

aqueous s o l u t i o n  a t  50"C, and s t i r r e d  u n t i l  a l l  t h e  p r e c i p i -  
t a t e  had d i s s o l v e d .  The r e a c t i o n  m i x t u r e  w a s  e x t r a c t e d  w i t h  
e t h e r  (5x100 mL) and t h e  combined e t h e r  e x t r a c t s  d r i e d  

(MgSO,). F i l t r a t i o n  and e v a p o r a t i o n  of t h e  s o l v e n t  gave t h e  

c r u d e  a l c o h o l .  P u r i f i c a t i o n  by chromatography ( s i l i c a  g e l ,  
20X e t h y l  a c e t a t e - p e t r o l e u m  e t h e r )  gave 2 . 9 5 ~  (91X from 2) 
of  - 4c as a c o l o r l e s s  o i l .  'Y-NMR (CDCl,): 6 3.9-3.6 (m, l H ,  

CH,CH(OH)CH,), - 2.16 (m, 2 H ,  H-C:C-CH2-R), - 1.94 ( t ,  l H ,  J=2.5 
Hz, S-C:C-R), 1.75-1.0 (m, 18H, d o u b l e t  s h o u l d e r  a t  1 .21  and 
1.14,  J=6.2 H z ,  i s  -CH(OH)CH3); - 13C-NMR (CDCl,): 6 84.81 

(H-C'C-R) - t 68.20 (RCH(OH)CH3), - 68-13  (H-C-C-R), - 39.35, 29.60, 
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B T E R E K  AND KABALKA 

29 .48 ,  29 .06 ,  38 .75 ,  28 .49 ,  2 5 . 7 7 ,  23 .48 ,  15 .41 ;  I R  ( n e a t ) :  

3640-3060 c m - '  ( b ,  O H ) ,  3310 cm-' ( H - C E C ) ,  2963 cm-' ( C H 3 ) ,  

2925 cm-' ( C H , ) ,  2860 c m - I  ( R 3 C - H ) ,  2170 c m - '  (C:C) ,  1345 

cm- . 
Anal .  C a l c d .  f o r  C 1 , H , , O :  C ,  79.06;  H ,  17 .16  

Found: C ,  79.27;  H ,  1 1 . 8 2  

1 

6-Heptyn-2-01 ( 3 b ) .  - T r e a t m e n t  of  methylmagnesium i o d i d e  
[21  .15 mmol, p r e p a r e d  by r e a c t i o n  of 31  . 1 5  mmol ( 0 . 5 2 ~ )  of 
magnesium t u r n i n g s  w i t h  m e t h y l  i o d i d e  (22 .15  m m o l ,  3 . 1 4 ~ )  i n  

anhydrous  e t h e r  (10  mL)1 w i t h  h - t r i m e t h v l s i l y l - 5 - h e x v n a l  

(20 .14  mmol, 3.14g) d i s s o l v e d  i n  anhydrous  e t h e r  (10  mL) g a v e  
3 . 7 1 ~  of a y e l l o w  o i l .  The c r u d e  a l c o h o l  d i s s o l v e d  i n  50 m L  
o f  e t h a n o l  w a s  t r e a t e d  s u c c e s s i v e l y  w i t h  s i l v e r  n i t r a t e  

(54 .35  mmol, 9 .24g ,  0.66 - M i n  1 : 3  H 2 0 - E t 0 H )  and With p o t a s -  
s ium c y a n i d e  (257 .8  mmol, 16 .79g ,  10 - M i n  H , O )  a t  50". 

P u r i f i c a t i o n  by f l a s h  ch romatography  ( s i l i c a  g e l ,  10% e t h y l  
a c e t a t e - p e t r o l e u m  e t h e r )  gave 1 . 5 3 ~  (688  from - 2d) of - 4b as a 

c o l o r l e s s  o i l ;  bp. 185" ,  l i t .*  75-77'112 t o r r .  'H-NMR 

( C D C l , ) :  6 4.0-3.65 (m, l H ,  C H 2 = ( O H ) C H 3 )  7.24 (m, 2 H ,  

l H ,  O H ) ,  1 .60 (m, 4H, C H , ' s ) ,  1 .24 ,  1.17 ( d ,  3 H ,  J=6.2 H z ,  
H - C E C - C H ~ C H ~ R ) ,  - 1 - 9 6  ( t ,  lH,  .J=2.6 H z ,  l - C E C - C H z R ) ,  1 .85  ( S ,  

C H 3 ) ;  13C-NMR ( C D C 1 3 ) :  6 84.39 ( H - C E C - R ) ,  - 68.57 ( Y - C : C - R ) ,  - 
67.64  ( R , C H O H ) ,  - '38.20 ( - C Y , E , C H , - ) ,  24.71 ( R C H 2 C H ( O H ) C H , ) ,  - 
23.55  ( C H 3 ) ,  18.40 ( H - C : C - Z , - ) ;  TR: 3690-3020 c m - '  ( b r ,  
O H ) ,  3305 c m - '  ( H - C : C ) ,  2963 c m - l  ( C H 3 ) ,  2925 c m - l  ( C H 2 ) .  

O x i d a t i o n  o f  S e c o n d a r y  A l k y n y l  Alcohols .  
The s y n t h e s i s  of  11-dodecyn-2-one ( 4 c )  i s  r e p r e s e n t a t i v e .  
PDC ( 1 9 . 4  mmol, 7 . 3 0 ~ )  and p y r i d i n i u m  t r i f l u o r o a c e t a t e  (3 .89 
mmol, 0 . 7 5 ~ )  were p l a c e d  i n t o  an oven d r i e d  100 mL round 
bot tomed f l a s k  f i t t e d  w i t h  a septum i n l e t .  The f l a s k  was 
equ ipped  w i t h  a m a g n e t i c  s t i r r i n g  b a r ,  r e f l u x  c o n d e n s e r ,  and 
g a s  o u t l e t  t o  a mercu ry  b u b b l e r ,  a s sembled  w h i l e  h o t ,  and 

a l l o w e d  t o  cool  u n d e r  a stream o f  n i t r o g e n .  Anhydrous 

m e t h y l e n e  c h l o r i d e  (20  mL) w a s  i n t r o d u c e d ,  f o l l o w e d  by a 
s o l u t i o n  of  11-dodecyn-2-01  (9.71 m m o l ,  1 . 7 7 ~ )  i n  a n h y d r o u s  
m e t h y l e n e  c h l o r i d e  ( 5  mL). The m i x t u r e  was s t i r r e d  a t  room 

t e m p e r a t u r e  f o r  20 h r s ,  and t h e n  d i l u t e d  w i t h  e t h e r  (10 mT,). 

G e n e r a l  P r o c e d u r e ' .  

70 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
5
9
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



S Y N T H E S I S  OF W-ALKYNYL ALDEHYDES AND KETONES 

The l i q u i d  p o r t i o n  w a s  d e c a n t e d  and t h e  r e s i d u e  washed w i t h  
e t h e r  u n t i l  i t  became g r a n u l a r .  The combined e t h e r  wash ings  
were t h e n  f i l t e r e d  t h r o u g h  a s h o r t  column of siLica g e l .  

E v a p o r a t i o n  of t h e  s o l v e n t  gave 2.044 of t h e  c r u d e  k e t o n e .  
P u r i f i c a t i o n  by column ch romatography  ( s i l i c a  g e l ,  59, e t h y l  
a c e t a t e - p e t r o l e u m  e t h e r )  a f f o r d e d  1 . 4 2 ~  (SlX) of 4c as a 
c o l o r l e s s  o i l .  'H-NMR ( C D C l , ) :  6 ?.45 ( t ,  2 H ,  J=6.8 Hz, 

RCH2(C=O)CH3), - 2.3-2.0 (m, 4H),  1.96 ( t ,  lH,  .J=2.6 Hz, 
- H-C_C-CH2R), 1 .8-1.15 ( m ,  13H, C H 2 ' s ,  CH,); 1 3 C - N M R  ( C D C 1 , )  : 

- 

6 209.1 n (c=o)  , 84. 60 ( H - C Z C - R )  , 68.1 n (H-C-C-R) , 43.70,  - - 
29.81, 29.24,  29.07, 28.89,  28.54, 28.42, 23.77,  (CH, 's ,  CH3) 

18.35 (CH2-C~C-H); - I R :  3295 c m - '  (H-CEC-), ?932 c m - '  (CH,), 
2860 c m - '  (CH2),  2125 cm-' (CEC),  1715 c m - '  (C=O), 1362 cm-', 
1170 c m - ' .  
2,4-DNP d e r i v a t i v e ,  mp. 78.5-79.5". 

Anal .  Ca lcd .  f o r  C 1 8 H 2 4 N 4 O 4 :  C ,  59.99;  H ,  h . 7 1 ;  N ,  15.54 

6-Heptyn-2-one ( 4 b ) .  - T r e a t m e n t  of 6-heptyn-2-01  (6.43 mmol, 
0.72g) w i t h  PDC (12.84 m m o l ,  4.83g)  and p y r i d i n i u m  t r i f l u o r o -  
ace ta te  (2 .57  mmol, 0 . 5 0 ~ )  i n  anhydrous  m e t h y l e n e  c h l o r i d e  
( 1 3  mL) gave  570 mg (80 .3%)  of 4b as a c o l o r l e s s  o i l  a f t e r  
column ch romatography  ( s i l i c a  g e l ,  m e t h y l e n e  c h l o r i d e ) .  
'H-NMR (CDCl,): 

2.4-2.1 ( m ,  5H, w i t h  a s i n E l e t  a t  2.16 (3H, CH,)) ,  2.0-1.6 
(m, 3H, t r i p l e t  c e n t e r e d  a t  1 .95 ,  J=2 .6  Hz, i s  H-CEC); 

1 3 C - N M R  (CDC13): 6 200.12 (C=O), 83.57 (H-CEC-R), 69.05 
(H-CrC-R), 42.02,  30.05 (CH,), 2 2 . 2 5 ,  17 .75;  I R :  3295 cm" 
(H-CrC), 2940 cm-', 2125 c m - '  (CEC) ,  1714 c m - '  (C=O) ,  1375 
cm-', I I M  cm-'. 
2,4-DNP d e r i v a t i v e ,  mp. 115-115" ,  lit. ' 118-119".  
1 2 - T r i m e t h y l s i l ~ l - l l - d o d e c v n - 2 - o n e  ( 4 e ) .  - T r e a t m e n t  of 
12-trimethylsilyl-11-dodecyn-2-01 (3 .26 mmol, 0 . 8 3 ~ )  w i t h  PDC 
(5.8 mmol, 2 . 5 5 ~ )  and p y r i d i n i u m  t r i f l u o r o a c e t a t e  (1.36 mmol, 
260 mn) i n  anhydrous  m e t h y l e n e  c h l o r i d e  (6 .4  mL) nave 590 mg 
(84%) of - 4e  as a c o l o r l e s s  o i l  a f t e r  column ch romatography  

( s i l i c a  g e l ,  m e t h y l e n e  c h l o r i d e ) .  'H-NMR (CDC13) : 6 7 .5-1.9 
(m, 7H, c o n t a i n s  t r i p l e t  c e n t e r e d  a t  2 .25  and a s i n g l e t  a t  

1.99 (CH3)) ,  1.7-1.0 (m, 12H),  0.03 ( s ,  9H, (CH3)3S i ) ;  

Found:  C ,  59.73;  H ,  5 .57 ;  N ,  15.42 

- 

6 2.50 ( t ,  2H, J=7 .0  Hz, RCH2(C=0)CH3), 

- 
- 
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B I E R E R  AND KABALKA 

1 3 C - N M R  (CDC13) : 6 209.01 (C=O), 107.60 ((CH3) ,Si-C:C-R), - 
94.20 ((CH3)3Si-C=C-R), - 43.70, 29.78, 29.21, 29.05, 3.8.86, 

28.64, 28.53, 23.76, 19.78, 0.15 ( ( C H 3 ) 3 S i ) ;  IQ ( n e a t ) :  2371 
cm-’ (CzC), 1716 c m -  (C=O), 1360 cm-’, 1251) e m - ’ ,  1168 c m - l ,  

840 c m - ’ ,  757 c m - ’ ,  698 c m - l .  
2,4-DNP d e r i v a t i v e ,  mp. 30-31 ’. 
Anal.  Calcd. f o r  C21H32N404Si:  C ,  58.31; H ,  7.46; N, 13.95; 
S i ,  6.49 Found: c ,  5 8 . 3 5 ;  H ,  7.70; N, 13.11; 
S i ,  4.87 

1 
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