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We have shown [1] that ~,fi-unsaturated aldehydes ca r ry ing  e lec t ron-aecep tor  groups in the ~-position 
reac t  with cyanohydrtns in the presence of t e r t i a ry  amines to give r ise  to saturated es te r s  of the cyanohy- 
drins in accordance  with the scheme 

K"I~"C( 0 H)CN 
RCH=CR'CHO (C~H6)sN ~ RCH~CtIR'COOCR~R'CN 

An analogous react ion was observed also in the case of phenylpropargyl aldehyde [2], whichgave r i se  to a 
mixture of e s t e r s  of c i s -  and t rans -c tnnamie  acids. 

In a fur ther  study of these interest ing t ransformat ions  we have now investigated the react ion between 
acetone eyanohydrin and cer tain conjugated dienic, trienie,  and vinylaeetylenie aldehydes in the presence  of 
tr iethytamine; the react ions were car r ied  out either in the absence of a solvent or in alcoholic solution. 
Sorbic aldehyde (I) reacts  smoothly with acetone cyanohydrin in the presence of t r ie thylamine (molar rat io 
1 : 2 : 2) to give r i se  to a mixture of the acetone cyanohydrin es te r  (II) and the 1 -eyanohexa-2 ,4 -d ten - l -y l  
es te r  (III) of 3 -pen ten- l - ca rboxy l i c  acid 

CHaCH ---- CHEH ---- CHCHO + (CHa) 2C (OH)CN-. CHaCH = CHCH~CH2COOC (CH3) 2CN 
I ii 

+ CH~CH ----CHCH2CH~COOCH (CN) CH -- CHCH = CHCHa 
Ill 

The structure of these products was established by elementary analysis, and by IR, UV, and mass 

spectroscopy. Formation of the ester (Ill) confirms that in this case the reaction proceeds in part normal- 

ly with the formation of the eyanohydrin of the ~,fi-unsaturated aldehyde. In the cases of 5-phenyl (IVa) and 

5-carbethoxy-2,4-pentadien-l-al (IVb) the reaction likewise proceeds unequivocally, and the action of ace- 

tone cyanohydrin on these aldehydes furnishes, in the absence of a solvent, the acetone cyanohydrin esters 

(Va and b; R' = (CH3)2.CCN) of the corresponding ?,5-unsaturated acids; on the other hand, when the reac- 

tion is carried out in alcoholic solution, the ethyl esters (Va and b; R' = C2H~) of the same acids are pro- 
duced instead 

(CH,)~C(OII)CN 
RCH=CHCH=CHCHO * RCH=CHCH~CHzCOOR' 1~'oII 

(iv) O0 
a R=CBHs; b C2Hs02C; H'=C~Hs; (CHa)2 C (CN) 

The s t ructure  of the resul t ing es te r s  was established by e lementary  analysis,  and by IR, [IV, and 
mass  spect roscopy.  Tr ienic  aldehydes, such as 2 ,4 ,6 -oc t a t r i en - l - a l  (Via) and 7 -pheny l -2 ,4 ,6 -hep ta t r i en - l -  
al (VIb), reac t  with acetone cyanohydrin in alcoholic solution equally smoothly with the formation of the 
ethyl e s t e r s  of the ? ,5-unsa tura ted  acids (VII3 and b respectively) 

(CH,)2C(OH)CN 
R--(CH=CH)a CHO - ~ R--(CH=CH)~ CH2CH~COOC~Hs (CoHsbN" (VI) C,H,OH (VI I) 

a R=C~a; b tl=~C6H5 
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The s t ruc tu re  of all  the e s t e r s  descr ibed  in this pape r  was es tabl ished by spec t roscopic  means  and 
was,  in addition, conf i rmed by saponif icat ion to the cor responding  7 ,6 -unsa tu ra ted  acids.  

The aldehyde, 4 - m e t h y l p e n t - 4 - e n - 2 - y n - l - a l  (VIII), r eac t s  with acetone cyanohydrin in alcoholic so lu-  
tion and is conver ted in 20% yield to a mix ture  of the ethyl e s t e r s  of 2 , 3 - c i s -  and 2 , 3 - t r a n s - 4 - m e t h y i - 2 , 4 -  
pentadienoic acid (IX), as shown by the IR s p ec t rum 

CH2=C--C-----C--CHO -* CII~=C--CII=CHCOOCeHs 

~H8 (VIII) C~H8 cis-trans :(IX) 

This  shows that in v inylacetylenic  aldehydes the only mult iple bond to take par t  in the reac t ion  is the one 
immed ia t e ly  adjacent  to the aldehyde group. 

The reac t ions  inves t igated in this paper  provide a novel method of pass ing  f r o m  polyerdc aldehydes to 
7 , & u n s a t u r a t e d  acids and afford the re fo re  a new synthes is  of these compounds, h i ther to  access ib le  only 
with difficulty.  

E X P E R I M E N T A L  

React ion of Sorbic Aldehyde (I) with Acetone Cyanohydrin. To a mixture  of sorbic  aldehyde (I) (4.8 g) 
and acetone cyanohydrin (8.5 g) was added t r i e thy lamine  (10 g). Readily volati le products  were  driven off 
during 1 h, whereupon dis t i l la t ion of the reac t ion  mix ture  afforded the acetone cyanohydrin e s t e r  of 3-penten-  
1 -ca rboxyl ic  acid (II) (4.8 g; 53%), bp 80-82~ (0.4 ram), nD2~ 1.4417. Found %: C 65.83; H 8.43; mol.  wt. 
191.* C10HI~NO 2. Calculated %: C 66.27; H 8.34. IR spec t rum (thin layer) :  v = 1755 cm - i  (CO). Also ob- 
tained: the 1 -cyanohexa -2 ,4 -1 -y l  e s t e r  of 3 - p e n t e n - l - c a r b o x y l i c  acid (III) (0.6 g; 21%), bp 98-100~ (0.4 mm),  
nD2O 1.4840. Found %: C 70.98; H 7.98; N 6.48; mol.  wt. 219. Ci3HI?NO 2. Calculated %: C 71.20; H 7.82; 
N 6.39. IR spec t rum  (thin layer) :  v = 1752 cm -1 (CO); 1660 cm -l,  1626 cm -1, and 982 cm "1 (CH = CH); 
~ m a x  (in alcohol) 232 nm (e = 20,000). 

A mix ture  of (II) (2.4 g) and 5 N KOH (3 ml) was s t i r r ed  until it became homogeneous;  it was then ex-  
t r ac t ed  with e ther ,  the aqueous l ayer  acidified with conc. HCI, and again ex t rac ted  with e ther .  This l a t t e r  
ex t rac t ,  a f t e r  drying over  Na2SO4, was evapora ted  down. The res idue on dist i l lat ion gave 3 - p e n t e n - l - c a r -  
boxylic acid (0.8 g; 70%), bp 115 ~ (30 mm),  nD 2~ 1.4360, in ag reemen t  with the l i t e ra tu re  data [3]. Found %: 
C 62.68; H 8.58. C6H1002. Calculated %: C 63.13; H 8.83. IR spec t rum (thin layer) :  v = 1730 cm -I  (CO). 

React ion of 5 - P h e n y l - 2 , 4 - p e n t a d i e n - l - a l  (IVa) with Acetone Cyanohydrin. The aldehyde, (IVa), (7,4 g) 
was dissolved in benzene (20 ml) and acetone cyanohydrin (8.5 g) and t r i e thy lamine  (10 g) were  added. When 
the exo the rmic  reac t ion  had subsided, the solution was passed  through a column of act ivated charcoa l  and 
the benzene was dist i l led off. The res idue,  a f te r  r ec rys t a l l i za t ion  f rom pe t ro leum ether ,  gave the acetone 
cyanohydrin  e s t e r  of 3 - s ty ry lp rop ion ic  acid (Va; R' = (CH3)2CCN) (1.2 g; 11%), mp 35.5-36.5 ~ Found %- 
C 74.03; H 7.16; tool. wt. 243. CIsH17NO 2. Calculated %: C 74.05; H 7.04. IR spec t rum (thin layer):  v 
= 1750 cm -1 (CO); 2250 cm -1 (CN ve ry  weak), ~ m a x  (in alcohol) 250 am (e = 18,100). 

A solution of 5 - p h e n y l - 2 , 4 - p e n t a d i e n - l - a l  (IVa) (5 g) in alcohol (30 ml) was t r ea ted  with acetone cyano-  
hydrin  (5 g) and t r i e thy lamine  (5 g). After  1 h the alcohol and read i ly  volat i le  products  were  dr iven off. 
The res idue  gave on dis t i l la t ion the ethyl e s t e r  of 3 - s ty ry lp rop ion ic  acid (Va; R' = C2H5) (3.5 g; 55%), bp 103- 
105 ~ (0.7 mm),  nD2~ 1.5373. Found %: C 76.07; H 7.91; tool. wt. 204. Ci3H1602. Calculated %: C 76.44; H 
7.90. IR s p e c t r u m  (in CCl4): v = 1740 cm -1 (CO); ~'max (in alcohol) 250 nm (e = 12,250). 

Saponification of (Va) (0.8g) in a manne r  analogous to that p rev ious ly  used gave 3 -s ty ry lp rop ion ic  acid 
(0.5 g; 86v/0), mp 87.5-89 ~ (from hexane), in ag reemen t  with the l i t e ra tu re  [4]. Found %: C 74.37; H 6.73. 
CliH1202. Calculated %: C 74.97; H 6.86. Addition of a molecule  of bromine  leads to 4 ,5 -d ib romo-5 -pheny l -  
pentanoic acid, mp 158-160.5 ~ (from hexane), consis tent  with [4]. 

React ion  of 5 - C a r b e t h o x y - 2 , 4 - p e n t a d i e n - l - a l  (IVb) with Acetone Cyanohydrin. By a method analogous 
to that  p rev ious ly  descr ibed,  (IVb) (1.2 g), acetone cyanohydrin (1.3 g), and t r i e thy lamine  (1.5 g) in alcohol 
(10 ml) gave the diethyl e s t e r  of A2-dihydromuconic acid (Vb; R' = C2H5) (0.8 g; 56%), bp 88-89 ~ (0.5 mm),  
nD2~ 1.4457. Found %: C 59.58; H 7.96; mol.  wt. 250. Ci0Hi~O 4. Calculated %: C 59.97; H 8.05. IR spec -  
t r u m  (thin layer)  v = 1740 cm -1 (CO); ~max  (in alcohol) 250 nm (e = 247). 

*All mo lecu la r  weights were  de te rmined  by m a s s  spec t roscopy .  
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Hydrolys is  of the Diethyl Es te r  of A2-Dihydromuconic  Acid (Vb). By a method analogous to that 
previously  descr ibed ,  (Vb; R'  = C2H 5) (0.2 g) gave A22dihydromueonie acid (0,12 g; 83%), mp 167.5- 
168.5 ~ (from water),  in agreement  with the values given in [5]. 

Reaction of 2 ,4 ,6 -Oc ta t r i en - l - a l  (Via) with Acetone Cyanohydrin. F ro m  2 ,4 ,6 -oc t a t r i en - l - a l  (1.4 g), 
acetone cyanohydrin (1.7 g), and t r ie thylamine (2 g) in alcohol (10 ml) there  resul ted,  as previously,  the 
ethyl e s t e r  of 4 ,6-oetadienoic  acid (VIIa) (0.7 g; 41%), bp 90-91 ~ (0.85 mm), nD 2~ 1.4800. IR speetr~am (thin 
layer):  u = 1740 cm -1 (CO); ?tma x (in alcohol) 230 nm (~ = 22,900). Found %: C 71.57; H 9.60; tool. wt. 168 
(by mass  spectroscopy) .  C10H1GO 2. Calculated %: C 71.39; H 9.59. 

Reaction of 7 -Pheny l -2 ,4 ,6 -hep t a t r i en - l - a l  (VIb) with Acetone Cyanohydrin. The aldehyde, 7-phenyl-  
2 ,4 ,6 -hep ta t r i en - l - a l  (VIb), (0.4 g), acetone cyanohydrin (0.43 g), and t r ie thylamine (1 g) in alcohol (10 ml) 
s imi la r ly  gave the ethyl e s t e r  of 7-phenyl-4,6-heptadienoic  acid (VIIb) (0.2 g; 40%), bp 130-135 ~ (0.04 mm). 
Found%: C 78.03; H 7.95; tool. wt. 230. C15H1802. Calculated%: C 78.23; H 7.88. IR spec t rum ( in CCl4): 
u =1740  em -t .  

React ion of 4-Methylp_ent-4-en-2:yn-___l-aI with Acetone Cyan0hy_drtn. As before,  4 -me thy lpen t -4 -en -  
2 - y n - l - a l  (0.4 g), acetone cyanohydrin (0.5 g), and t r ie thylamine (1 g) in alcohol (3 ml) gave a mixture  (0.14 
g; 20%) of the ethyl e s t e r s  of 2 ,3 -c i s -  and 2 ,3 - t r ans -4 -me thy l -2 ,4 -pen t ad i en - l -o i c  acid, bp 68-70 ~ (17 ram), 
nD 2~ 1.4710. Found %: C 68.56; H 8.83. C8H1202. Calculated %: C 68.54; H 8.63. IR spec t rum (thin layer) :  
u = 1720 cm -1 (CO), and 770, 980 em -1 (CH --- CH). 

C O N C L U S I O N S  

1. Conjugated polyenie aldehydes reac t  with acetone cyanohydrin in the p resence  of t r ie thylamine to 
give e s t e r s  of %5-unsa tu ra ted  acids. 

2. The aldehyde 4 - m e t h y l p e n t - 4 - e n - 2 - y n - l - a l  reac ts  with acetone cyanohydrin,  in the presence  of 
t r ie thylamine and in alcoholic solution, to give a mixture  of the ethyl e s t e r s  of 2 ,3 -c i s -  and 2 , 3 - t r a n s - 4 -  
methyl -2 ,4-pe  ntadie noie acid. 

3. The elucidation of the reac t ions  descr ibed  in this paper  affords a new method for the synthesis  of 
~/,5-unsaturated e s t e r s  and acids, h i ther to  access ib le  only with difficulty. 

1. 
2. 

3. 
4. 
5. 

L I T E R A T U R E  C I T E D  

L. A. Yanovskaya, Ch. Shahidayatov, and V. F.  Kucherov,  Te t rahedron ,  23, 1311 (1967). 
L. A. Yanovskaya, Kh. Shakhidayatov, and V. F. Kucherov, Izv. Akad. N~-~k SSSR, Ser. Khim.,  2553 
(1967). 
H. Burton and C. K. Ingold, J. Chem. Soc. ,  2035 (1929). 
F. F ich ter  and A. Bauer, Be r . ,  31, 2002 (1898). 
E.  H. F a r m e r  and L. A. Hughes, J. Chem. Soc. ,  1938 (1934). 

613 


