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ORGANIC PREPARATIONS AND PROCEDURES INT. 10(1), 1-4 (1978) 

THE PREPARATION O F  (g)  - 2-PENTENAL 

R. M. Waterskt, D. J. Voadent, A. Shani*tt ,  and J. Klugtt  

tAgr icu l tura1  Environmental Quality I n s t i t u t e ,  Agr i cu l tu ra l  
Research Service,  U.S. Dept. of A g r i c u l t u r e , t t t  

Beltsville, Maryland 20705, U.S.A. 

t tDept.  of Chemistry, Facul ty  of Natura l  Sciences, 
Ben Gurion Univ. of t he  Negev, P. 0 .  Box 2053, 

Be'er Sheva 84 120, ISRAEL 

The need f o r  a la rge-sca le  prepara t ive  procedure f o r  @)-2-pentenal, 

a synthon f o r  c e r t a i n  i n s e c t  pheromones, has r e s u l t e d  i n  an improvement of 

Corey and Terashima's procedure' f o r  t h e  prepara t ion  of @)-2-alkenals. 

The r ecyc le  of a tetrahydropyranyl (THP) e t h e r  of a propargyl ic  alcohol 

(such as I i n  t h e  Scheme) as w e l l  as two-step hydrolysisfisomerization of 

t h e  allenic THP e t h e r  (11) t o  t h e  @)-enal (111) are now unnecessary. 

H2° 1. E-BuLi 
Et-CH=C=CH-OTHP 

H 2. HOAc ' 
I I1 

Et-CEC-CH2-OTHP 

[Et-CH=C=CHOH] -> (g)-Et-CH=CH-CHO 

111 

The improvements w e r e  e f f ec t ed  by adding 5-10% of hexarnethylphos- 

phoric tr iamide (HEMPA) to  t h e  r eac t ion  so lven t  (THF) .  The a l l ene :  

ace ty lene  r a t i o  repor ted  (2.3:l) r o s e  to  8-16:l. Because the  amount of 1 

I remaining w a s  so small, r ecyc le  w a s  unnecessary, and aqueous hydro lys is  

of I1 t o  111 could be  c a r r i e d  out  d i r e c t l y  us ing  p t o l u e n e s u l f o n i c  ac id  

(pTsOH) as c a t a l y s t .  

ace ty lene  mixture) which w e  developed w a s  refluxed u n t i l  t h e  THP e t h e r s  

had been hydrolyzed [gas  l i q u i d  chromatography (GLC) monitoring]. Af te r  

removing the  p T s O H  wi th  aq. base,  drying, and d i r e c t  d i s t i l l a t i o n ,  

The two-phase system (H20:pTsOH/CH C 1  :a l lene-  2 2  

1 
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WATERS, VOADEN, SHANI AND KLUG 

y i e l d s  of  pure  (E)-Z-pentenal were 40% based o n  I. 

EXPERIMENTAL 

I R  s p e c t r a  of 5% s o l u t i o n s  i n  0 . 1  mm s e a l e d  N a C l  cel ls  were recorded 
on Perkin-Elmer 137 (cc14) o r  457A (CS2) spectrophotometers .  NMR s p e c t r a  
were taken of  15% s o l u t i o n s  (CCl4, 2% TMS) i n  a Varian T-60. R a t i o s  of  
a l lene-ace ty lene  mixtures  were determined by NMR o r  on a 4.7 m x 0.32 cm 
s t a i n l e s s  steel  ( 5 . 8 . )  column of Analabs (SD) base-washed (60-80 mesh) 
suppor t  wi th  5% d i e t h y l e n e  g lycol  s u c c i n a t e  (DEGS) s u b s t r a t e .  The mixture  
of t h e  aldehydes w a s  ana lysed  on a 4.7 m x 0.32 cm 8 . 8 .  column of  acid-  
washed Chromosorb W (60-80 mesh) suppor t ing  15% HI-EFF-ZAP (e thylene  
g l y c o l  a d i p a t e ) .  Condi t ions f o r  t h e  DEGS column were: i n j .  p o r t  170'; 
d e t e c t o r  and co l .  160'; a i r  240 mL/min; H2 & N2 30 mL/min; t R  = 6.5 min 
f o r  EtCXCH20THP and t R  = 4.2 min f o r  EtCH=C=CH-OTHP. 
HI-EFF column were: i n j .  & d e t e c t o r  150"; column 95"; a i r  240 mL/min; Hg 
30 mL/min; N2 15  mL/min; t R  [(L)-Z-pentenal] - 6.5 min; and t R  [(E)-2- 
pentena l ]  = 7.5 min. Sample i n j e c t i o n  s i z e :  1 . 0  pL of 1% conc. i n  hexene 
o r  e t h e r .  
(HEMPA) o r  d i s t i l l e d  from LIAlH4 and s t o r e d  over  CaH2 (THF). 

Tetrahydro-2- (Z-pentynyloxy)-ZH-pyran ( I )  .- This  w a s  based on t h e  pro- 

cedure of Schwarz and Waters.' 

mechanical stirrer, low-temp. thermometer, N purge, pressure-equal ized 

a d d i t i o n  f u n n e l  and dry  i ce  cool ing  ba th ,  w a s  charged w i t h  56 g (1.0 mol) 

propargyl  a l c o h o l  and 0.1 g E-TsOH. The f l a s k  w a s  cooled i n  ice  and 92.5 

g (1.1 mol) 2,3-dihydropyran w a s  added a t  40" o r  below w i t h  s t i r r i n g .  

The cool ing b a t h  w a s  then  removed and t h e  mixture  s t i r r e d  30 min, checked 

f o r  -OH (IR), d i l u t e d  w i t h  700 mL THF, cooled t o  -30' t o  -70', and 

t r e a t e d  dur ing  30 min w i t h  78.3 g (1.1 mol) E-BuLi (90% i n  hexane, Ventron) 

from a 100 mL valve-equipped syr inge .  The r e s u l t a n t  l i t h i u m  a c e t y l i d e  

s o l u t i o n  w a s  warmed t o  0' and t r e a t e d  a t  10-30' w i t h  135 g (1.2 mol) E t B r  

i n  250 mL HEMPA/100 mL THF. The mixture  w a s  s t i r r e d  1 . 0  h r  a t  room 

temperature  and t h e  v o l a t i l e s  then removed a t  20 Torr/30-40' (water  pump 

and b a t h ) .  The r e s i d u e  w a s  d i l u t e d  w i t h  2-3 v o l .  of l i g h t  petroleum 

(b.p. 60-80'), washed w i t h  water and b r i n e ,  and d r i e d  w i t h  MgS04. 

tetrahydro-2- (Z-pentynyloxy)-Z€J-pyran ( I )  w a s  c o l l e c t e d  by d i s t i l l a t i o n  

a t  92"/8-10 Torr (96% y i e l d ) .  The I R  and NMR d a t a  were c o n s i s t e n t  w i t h  

Condit ions f o r  t h e  

Solv. were d r i e d  by d i s t i l l a t i o n  from, and s t o r e d  over ,  CaH2 

A 2.0 L round bottom f l a s k  w i t h  g a s t i g h t  
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THE PREPARATION OF (E)-2-PENTENAL 

t h e  assigned s t r u c t u r e  and wi th  those  of a sample prepared from dihydro- 

pyran and commercial 2-pentyn-1-01. 

@)-2-Pentenal. - 

Equipment.- A 3.0 L round bottom, 4-neck r eac t ion  f l a s k  wi th  g a s t i g h t  

mechanical stirrer, N purge, low-temp. thermometer, and s e p t u m  f o r  

adding reagents  w a s  connected (.& a septum) by a dump tube to  a 5.0 L 

round bottom quench f l a s k  a l s o  equipped wi th  a mechanical stirrer, low- 

temp. thermometer, and N2 purge. The dump tube w a s  an 8 rn tube w i t h  a 

4 mm stopcock. 

assembly. 

2 

A 1215 b a l l  j o i n t  i n  the  dump tube allowed f o r  e a s e  of 

The r eac t ion  vesse l  w a s  charged under N 2  with  1.0 L 1:19 v /v  HEMPA/ 

THF and 168 g (1.0 m o l )  I and c h i l l e d  wi th  s t i r r i n g  t o  -78". The quench 

f l a s k  w a s  charged wi th  2.5 L MeOH conta in ing  66.0 g (1.1 mol) a c e t i c  ac id  

and s i m i l a r l y  ch i l l ed .  From a valve-equipped syr inge  (100 mL) w a s  added 

74.7 g (1.05 mol) of E-BuLi (90% i n  hexane, Ventron). Addition requi red  

20-30 min; t h e  dark  red r eac t ion  mixture was s t i r r e d  f o r  another 15-30 

min and r ap id ly  pushed through t h e  dump tube  (N2 press . )  i n t o  t h e  very 

vigorously s t i r r e d  quench so lu t ion .  The so lven t s  were removed (16-20 

Torr, r o t a r y  evap.) and t h e  r e s idue  (150+ g )  w a s  d i sso lved  i n  2-5 vol .  

H 0, ex t rac ted  wi th  3 po r t ions  of pentane, and d r i ed  wi th  MgS04. 

s a l t - f r e e  a l l en ic -ace ty l en ic  THP e t h e r  mixture obtained a f t e r  removal of 

t h e  pentane ( ro t a ry  evap.) could be used as such i n  the  hydro lys is  s t ep .  

The al1ene:acetylene r a t i o  (GLC) of 10-16:l (usua l ly  1O:l) w a s  corrobo- 

r a t ed  by NMR-loss of -C-CH -0-: [ 6  4.0 (2 H, m y  J = 1.0  Hz, poorly 

reso lved)] .  

The 2 

-2 

A s o l u t i o n  of t h e  a l l ene /ace ty l ene  THP e the r s  (1.0 g13.0 mL CH2C12) 

was t r e a t e d  wi th  0.02 molar equiv. of p T s O H  and 1.2-1.4 molar equiv.  

H20. The mixture was heated t o  r e f l w  f o r  3 h r s  at  40' o r  u n t i l  

. 3  
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WATERS, VOADEN, SHANI AND KLUG 

complete hydro lys is  of t h e  THP e the r s  (GLC monitoring).  The organic  

l aye r  w a s  then f reed  from t h e  ac id  c a t a l y s t  wi th  NaHC03, d r i ed  wi th  MgS04, 

and d i s t i l l e d ,  g iv ing  (E)-2-pentenalY bp. 117'1740 m, lit .3 bp. 62-64'1 

50 mm, d i r e c t l y  i n  40% y ie ld .  

Pure (Q-2-pentenal had: I R  1680 (0:C-C=C), 1625 (-CH=CH-), and 

t 965 (-CH=CH-) cm-'; t he  E/z- mixture' (CC14) showed only minor d i f f e r -  

ences; NMR of E/z- mixture 6 9.95 [l H, d, J = 7.5 Hz, z- O=C&-], 9.33 

[ l  H, d, J = 7.0 Hz, E- O=Cg-1, and 6.2 [2 H, my very poorly reso lved ,  

-C€J%g-]; t h e  pure E-isomer had 6 1.3 [ 3  H, t ,  J = 6.0 Hz, CH -CH2- 

CH=], 2.5 [2  H, q,  J = 6.0 Hz, CH -CH -CH=], 5.9 [l H, dd, J = 15  and 

7.0 Hz, -CH=Cg-CHO], 6.7 [ l  H, d t ,  J = 1 5  and 6.0 Hz, -CH2CE=CH-CHO], 

and 9.33 [ l  H, d,  J = 7.0 Hz, E- O=Cg-]. 

-3 

3 -2 
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