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ORGANIC PREPARATIONS AND PROCEDURES INT. 19(6), 427-432 (1987) 

SIMPLE PHASE-TRANSFER ALKYLATION OF O-(TETRAHYDROPYRAN-2-YL) 
ARYLALDEHYDE CYANOHYDRINS 

Hector Barrios*, Consuelo Sandoval, Benjamin Ortiz, 
Ruben Sdnchez-Obregbn and Francisco Yuste 

Instituto de Quimica, Universidad Nacional Autdnoma de Mexico, 
Circuit0 Exterior, Ciudad Universitaria, Coyoacdn 04510, Mexico, D.F. 

The alkylation of protected cyanohydrins anions constitutes an excel- 

lent method for ketones synthesis.' Generally, the anions are generated 

from aliphatic or aromatic aldehyde protected cyanohydrins with lithium 

di isopropylamide o r  sodium hydride in anhydrous tetrahydrofuran or dime- 

thoxyethane under nitrogen at -78". 

duces the protected ketone cyanohydrin. 

ated by successive 

The addition of an alkyl halide pro- 

The carbonyl group is then liber- 

treatment with dilute acid and dilute aqueous base. 

VN 
CH-OTHP 

DHP/TsOH 

R' 

1. N a H S 0 3 / H 2 0  
2. KCN/H20 

T"' 
c=o 

NaOH/H20/DMSO/ '0 2. 1. H~SOL,/H~O*~@ NaOH/H20 R' 
3 - TEBA/R'" -Br R 
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BARRIOS, SANDOVAL, ORTIZ, SANCHEZ-OBREGON AND YUSTE 

Recently, i t  was reported a simple general method f o r  t he  preparation of 

aromatic ketones' based on the  phase-transfer catalyzed a1 kyl a t ion  of benz- 

aldehyde cyanohydrins ( E q .  1) .  We now report a complement t o  t h i s  proce- 

dure f o r  the synthesis  of aromatic ketones - 5 by a lkyla t ion  of the  O-( te t ra-  

hydropyran-2-yl ) arylaldehyde cyanohydrins - 3 under s imi l a r  react ion condi- 

t i ons  ( E q .  2 ) .  

The method cons is t s  i n  the generation o f  the  protected cyanohydrin 

carbanion from - 3 w i t h  aqueous sodium hydroxide i n  dimethyl sulfoxide and a 

c a t a l y t i c  amount of triethylbenzylammonium chlor ide  followed by the addi- 

t i on  of an alkyl bromide i n  dimethyl sulfoxide.  The mixture is vigorously 

s t i r r e d  f o r  1-24 hrs a t  room temperature t o  produce the protected cyano- 

hydrin 4 which can be purif ied o r  hydrolyzed d i r e c t l y  t o  give 5. 
Arylaldehyde cyanohydrins 2 were made following the general method 

described t o  prepare mandelonitri le 3 and were protected by the te t rahydro-  

4 pyranyl group t o  produce 3 i n  h i g h  y i e lds  (Table 1) u s i n g  p-toluenesulfo- 

n ic  acid a s  ca t a lys t5  in order  t o  avoid v o l a t i l e  c a t a l y s t s  and t o  simplify 

work-up of the  reaction mixture. 

TABLE 1. O-(Tetrahydropyran-2-y1 )a ry la l  dehyde Cyanohydrins 3 
Product Y i e l  dsa 'H-NMR (CDCl3 ) 

Dl 6 Ar-CH-CN[ppm] 

3a 
3b 
3c 

- 
- 
- 

98 
82 
83 

5.10 and 5.40b 
5.90 
5.35 and 5.50b 

~~~ 

a )  Based on 2 b )  Mixture of diasteroisomers.  

A1 kylation proceeds smoothly with primary (n-butyl)  - or secondary (cy- 
1 clohexyl) bromides in y i e lds  comparable t o  those reported (Tables 2 a n d  3 ) .  

However, the procedure used here has the advantage of being easy to  perform, 

employs ra ther  inexpensive reagents thus making i t  useful fo r  large-scale  

preparations and does not require  anhydrous conditions or  pur i f ica t ion  of 
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ALKYL,ATION OF O-(TETRAHYDROPYRAN-2-YL)UDEHYDES CYANOHYDRINS 

TABLE 2. M ic roana ly t i ca l  Data f o r  Aromatic Ketones 5 
Compd Mo 1 ecu l a  r 

No Formula 
E l  ementa 1 Ana l y s  i s  

Calc (Found) 

- 5a C i i H i b O  81.44 (81.30) 8.70 (8.79) 

- 5b C i ~ H i 6 0  82.93 (83.09) 8.57 (8.68) 

- 5c C12H1602 74.97 (75.17) 8.39 (8.20) 

- 5d ClsHi802 77.03 (76.92) 8.31 (8.48) 

- 5e C13H1803 70.24 (70.18) 8.16 (8.03) 

- 5f C 1 5 h  003 72.55 (72.66) 8.12 (7.92) 

the intermediates and 2. 
While t h e  method has proved t o  be e f f i c i e n t  f o r  t h e  a l k y l a t i o n  o f  pro- 

t ec ted  aromatic cyanohydrins, i t  i s  unsu i tab le  f o r  p ro tec ted  cyanohydrins 

der ived from a1 i p h a t i c  aldehydes. The 0- te t rahydropyranyl  cyanohydrin o f  

acetaldehyde could no t  be a l k y l a t e d  under these condi t ions,  poss ib l y  be- 

cause , t h e  c a t a l y t i c  generat ion o f  t h e  carbanion f a i l s  t o  proceed w i t h  i n -  

s u f f i c i e n t l y  a c t i v a t e d  protected cyanohydrins. 

EXPERIMENTAL SECTION 

Column chromatography was c a r r i e d  o u t  by us ing  Merck s i l i c a  ge l  60 (0.063- 
0.2 mm). The p repara t i ve  TLC p l a t e s  were o f  Merck s i l i c a  ge l  60 F-254 (20 x 
20 x 0.2 cm). I n  o rde r  t o  f o l l o w  t h e  progress o f  t h e  reac t i ons  o r  t h e  p u r i -  
t y  o f  t h e  compounds, Merck F-254 t h i n - l a y e r  p l a t e s  250 (vm) c u t  i n t o  small 
s l i d e s  ( 5  x 2.5 cm were used. The products were v i s u a l i z e d  by UV absorp- 
t i o n  o r  I2 vapor. 'H-NMR spect ra were obta ined i n  COC13 on Var ian FT-80A 
spectrometer w i t h  MerSi, as an i n t e r n a l  reference, and are expressed as 6 
values. Mass spectra were recorded on a Hewlet t  Packard 5985-B spectrometer 
a t  70eV. 

a-[Tetrahydro-2H-pyran-Z-y1 )oxy]-2-methoxybenzeneacetonitrile (3b). - Typica l  

Procedure.- A s o l u t i o n  o f  cyanohydrin (21 g, 0.13 mol), d r y  dihydro-4H- 

pyran (16.2 g, 0.19 mol)  and 10 mg o f  g - to luenesu l fon i c  a c i d  was heated t o  

r e f l u x  f o r  1.5 hr.  The cooled m ix tu re  was t r e a t e d  w i t h  anhydrous potassium 

carbonate (0.1 g)  and s t i r r e d  f o r  1 hr .  A f t e r  t h e  a d d i t i o n  o f  d ry  e the r  (70 

m l ) ,  t h e  s a l t s  were removed by f i l t r a t i o n  and t h e  r e s u l t i n g  s o l u t i o n  was 

concentrated i n  vacuo. The res idue was chromatographed over s i l i c a  gel  
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TABLE 3 .  Aromatic Ketones 5. 
Producta Reaction Yieldb 'H-NMR ( CDCl3 ) 

Time (hr)  [%I GCPPml 
MS (70 eV) 

m/z ( % )  

1 94 

- 5b7 24 72 

- 5c6 1 91 

5d 24 65 - 

5e8 

- 5f9 24 

1 92 

53 

0.95 ( t ,  3H, J = 6 Hz) ;  
1.15-1.95 (m, 4H); 2.95 

7.60 ( m y  3H); 7.80-8.05 
(m, 2H). 

1.00-2.25 (m, 10H); 3.00- 
3.50 (m, 1H); 7.25-7.65 
( m y  3H); 7.75-8.05 (m, 
2 H ) .  

See t y p i c a l  procedure 

( t ,  2H, J = 7 H z ) ;  7.25- 

1.10-2.10 ( m ,  10H); 2.95- 
3.35 ( m y  1H); 3.86 ( s ,  
3H); 6.90 (dd,  IH, J = 8, 
2 H z ) ;  6.96 ( t d ,  l H ,  J = 
8,2 Hz); 7.40 ( t d ,  l H , J =  
8,2 H z ) ;  7.45 (dd, J = 8,  
2 Hz) .  

0.95 ( t ,  3H, J = 6 Hz); 
1.15-1.90 (m, 4H); 2.80 
( t ,  2H, J = 7 Hz); 3.92 
( s ,  6H); 6.84 (dd, l H ,  
J = 9 , l  Hz); 7.50 (d ,  l H ,  
J = 2 Hz);  7.55 (dd, l H ,  
J = 9,2 Hz). 

1.10-2.00 ( m y  10H); 3.00- 
3.40 (m, 1H); 3.93 ( s ,  
6H); 6.85 (dd, l H ,  J = 9 ,  
1 Hz); 7.51 (d ,  l H ,  J = 2 
Hz); 7.57 (dd, l H ,  J = 9 ,  
2 Hz). 

162(M+, 1 5 ) ,  
120(72) ,  105 

51 ( 1 6 ) .  
( l o o ) ,  77(74),  

188(Mt, 2 3 ) ,  
105(84) ,  77 
( l o o ) ,  55(30),  
51 (30) .  

See t y p i c a l  
procedure 

218(M+,7), 
136(9) ,  135 
(100) , 77( 14). 

222(M+,20), 
180(66) ,  166 
( 1 5 ) ,  165 
( l o o ) ,  7 7 (  12). 

248 (M+,12), 

a )  

a r e  known (reference number a r e  those  g iven  i n  the references) and the i r  

i d e n t i t y  and p u r i t y  were confirmed by microanalysis ,  IR, l H - N M R  and mass 

s p e c t r a l  da t a  b )  Based on 2. 

I s o l a t e d  by chromatography on s i l i c a  g e l .  All ketones - 5 ,  except z, 
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ALKYLATION OF O-(TETRAHYDROPYRAN-2-YL)ARALDEHYDES CYANOHYDRINS 

us ing  hexane-ethyl  a c e t a t e  (75:25) as e l u e n t  t o  produce 26.3 g (82%) o f  

as a c o l o r l e s s  o i l .  

2'-Methoxyvalerophenone (g) .  T y p i c a l  Procedure.- To a m i x t u r e  o f  & (1.3 

g, 5.25 m o l ) ,  50% aqueous sodium hydrox ide  s o l u t i o n  (0.8 g, 10 ml) and 

benzy l t r ie thy lammonium c h l o r i d e  (0.16 g, 0.7 m 1 )  i n  20 m l  o f  d ime thy l  su l -  

f ox ide ,  a s o l u t i o n  o f  1-bromobutane (0.715 g, 5.25 m m l )  i n  5 m l  o f  dime- 

thy1  s u l f o x i d e  was added. The m i x t u r e  was v i g o r o u s l y  s t i r r e d  a t  room tempe- 

r a t u r e  f o r  1 h r .  A f t e r  t h e  a d d i t i o n  o f  water  (25 m l ) ,  t h e  m i x t u r e  was ex- 

t r a c t e d  w i t h  e t h y l  a c e t a t e  ( 3  x 25 m l ) ,  washed w i t h  s a t u r a t e d  sodium c h l o -  

r i d e  s o l u t i o n  ( 3  x 25 m l ) ,  d r i e d  ove r  sodium s u l f a t e  and evaporated t o  

produce 1.5 g (94%) o f  &. To t h i s  c rude produc t  i n  7 m l  o f  methanol was 

added 5% aqueous s u l f u r i c  a c i d  (1 m l )  and t h e  m i x t u r e  was s t i r r e d  a t  room 

tempera ture  f o r  10 min. The s o l v e n t  was evaporated and t h e  res idue  e x t r a c t -  

ed w i t h  e t h e r  (3  x 15 m l ) .  The e t h e r e a l  s o l u t i o n  was shaken w i t h  20 m l  o f  

0.5 N aqueous sodium hydrox ide  f o r  10 min, separated, washed w i t h  water  (2 

x 25 m l ) ,  d r i e d  ove r  sodium s u l f a t e  and evaporated. The c rude p roduc t  was 

p u r i f i e d  by p r e p a r a t i v e  TLC w i t h  hexane/ethyl  a c e t a t e  (70:30) as t h e  e l u e n t  

t o  g i v e  0.92 g (91% based on $) o f  2'-methoxyvalerophenone 

ye1 low  o i l .  

I R  ( n e a t ) :  vmx 1675 cm-l.  'H-NMR (CDC13): 6 0.92 ( t ,  I H ,  J = 6 Hz), 1.10- 

1.85 (m, 4H), 2.95 ( t ,  2H, J = 7 H t ) ,  3.89 ( s ,  3H), 6.88 (dd, l H ,  J = 8, 2 

Hz), 6.95 ( t d ,  l H ,  J = 8, 2 Hz), 7.40 ( t d ,  lH, J = 8, 2 Hz), 7.57 (dd, I H ,  

J = 8, 2 Hz). MS (70  eV): m/z (%) 192 (M', 2) ,  150 (14) ,  135 ( l o o ) ,  92 (15), 

77 (30) .  

6 
(&) as a 

Acknowledgements.- We thank  Messrs. H. BojBrquez, J .  Cdrdenas, R. Gaviiio, L. 
C. a r q u e z ,  M. Tor res ,  L. Velasco and R. V i l l e n a  f o r  t h e i r  spec t roscop ic  
ass is tance.  C o n t r i b u t i o n  No. 833 o f  t h e  I n s t i t u t o  de Quimica, UNAM. 
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