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As shown previous ly  [ 1-3],  the direct ion of the react ion of acetone eyanohydrin and secondary amines 
with ~ , f l -unsa tura ted  aldehydes depends on the s t ruc ture  of the reactants .  The present  work is a continuation 
of our  investigation of the relat ionships in this react ion with diethylamine. 

It has been shown that crotonaldehyde and 3,3-dimethylacryla ldehyde reac t  smoothly with equimolar 
quantities of acetone cyanohydrin and diethylamine, giving the corresponding aminonitr i les  (I), while retaining 
the t rans  configuration for  (Ia). The react ion with sorbaldehyde proceeds  analogously 

CN 
/ 

R1R~C--CH--CHO -~ (CH3)2C(OH)CN -~ Et~NH ~ R1R2C=CH--CH 
\ 

(I) NEt~, 
R l--H, R 2=CH~ (a); R ~=R 2~CH3 (b); R I=H,  R ~=CH~CH-CH~ {c). 

Acrolein  a n d  5, 5) dichloro-2,  4-pentadienal under the same  react ion conditions, or  even at 0-10 ~ C, will 
po lymer ize .  In the analogous reac t ion  of t r ans -oc ta t r i ene -2 ,4 ,6 -a l ,  there  is a shift of the dohble bond to the 
position conjugated with the CN group, with the formation of the cyanenamine (H) 

CN 
/ 

CH~(CH=CH)aCHO -~ (CH.~)eC(OH)CN ~ CHa(CH=Ctt)~CttzCH--C ~ 
\ 

(II) NEts 

Judging by the p resence  of two absorpt ion bands of the CN group at 2210 and 2225 cm- I in the IR spect rum of 
(II), and also by data on the s t e r eochemis t ry  of the analogous react ion of cinnamaldehyde r 1], the product (II) 
that we obtained is a mixture  of cis and t rans  i somer s .  

The s t ruc tu re  of the aminoni t r i les  (In-c) and the cyanenamine (II) was confirmed by IR, P1VIR, and mass  
spec t ra  and by elemental  analyses.  The yields and cha rac te r i s t i c s  of the compounds that were obtained a re  
l isted in Table 1. 

A study of the interact ion of c~ , f i -unsaturated aldehydes with a fourfold excess of acetone cyanohydrin in 
the p resence  of a mola r  quantity of diethylamine showed that at elevated tempera tures  (80-90~ erotonalde-  
hyde and 3, 3-dimethylacryla ldehyde fo rm saturated der ivat ives  of cyanamines (IHa-b) as a resul t  of addition of 
HCN at the double bond 

CN 
/ 

R1R2C=CH--CHO a-, :Me2C(0B)CN --. R1R2C__CH2_CH" 

CN (HI) NEt~ 
R I ~ H ,  R 2=CH8 (a); R l ~ R  2~CH~ (b); R I~H,  R a=CH=CHPh (c); RI~CH~ 
R 2 ~ (CH3)~C ~ CHCH2CH~ (d). 

The products formed in the reaction with 5-phenyl-2,4-pentadiene decomposed when they were fraction- 
ated under vacuum (GLC). Separation of these products in a column with AI203 (elutien with benzene) gav e two 
fractions, designated A and B. According to GLC data, fraction A is a complex mixture of products with very 
similar retention times, whereas fraction B is an individual product (IIlc). In the IR spectrum of this product 
we find the following absorption bands: 2220 (noneonjugated CN group), 1635 (C = C stretching vibrations), and 
970 cm -~ (trans CH= CH deformation vibrations). In the PMR spectrum (Table 1) we find signals of protons 
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TABLE 2. Mass Speetraof Cyanamines (llIc, d) and Cyanenamine 

( I V )  CN 

d c b a I 

CsHs--[--CH=CH--t--CI-I--I--CI-I  ~ -  - -CH 

I __ le  
CN l 

(lllc) NEt2 

CH~ 
CH3 b e d [ ae f CN 

I i i I T I  I~ 
C=CH~-CI-I2-TCH~-rC -T CH~--]-CH 

a I ' ' l l  I~, 
"7- CN q-~ 
CH8 NEt2 

(llld) 

CHs;CH=CH;Ctl2~CH=C~ CN 
NEt2 

(IV) 

.m/z 

267 
240 
225 
I76 
t49 
t31 

(IIIc) 

Rupture or 
I, % ion 

2,0 I M+ 
13.3 ] M+-HCN 
1t:1 " 
tl;t 
17,8 
35,5 

tO0,0 a 
17,8 
22,5 e 
8,9 

28,9 
35.5 
22,2 d 
t t l t  e 

rn/z 

261 
246 
178 
15t 
t36 
125 
112 
111 
t09 

(md) 

Rupture or 
I, % ion 

3,4 M + 
3,0 a 
t.5 d 

t510 m/z t 7 8 -  HeN 

m/z 

78 
69 
.63 
.49 
L36 
L23 

t,% 

21,6 
26,0 
70,5 
21,6 
t2,3 
37,0 
40,0 
27,7 
24,6 
24.'6 
40;0 
27,7 
30,8 
40,0 
27,7 
52,0 
35,4 
32,3 
38,5 

1O0,0 

3410 
34,0 
4910 

11t 
104 
t03 

98 
9t 
89 
77 
72 
7t 
70 
69 

59 
58 
57 
56 
55 

125 

t3,3 
t3;3 
t5,5 

40,0 
40,0 
24.4 
4olo 
26,7 

4,5 

98 
84 
83 
8i 
73 
72 
70 
69 

58 
56 
55 
51 
41 

30,0 
00,0 
I8,4 

25,5 
25,0 
29,3 
18,0 
3,0 

16,0 
18,4 
30,0 

20,0 
81,0 
5t,0 
~0,5 
~7,0 

21 
f 09 

.08 
+ 07 

Et2NC2H2 .00 
94 

d 82 
8I 
79 

g 72 
69 

e + 68 
EtNH=CHa 67 

58 
b 56 

55 
54 
42 
41 

(IV) 

.Rupture or 
1on  

M + 

a 

m/z 163 HCN 
C 

belonging to the fragments Et2N , C~Hs, and CH----CH, and also signals in the 2.6-3.14 ppm region (probably 
CH2CH 3 and CH2) and in the 3.44-3.96 ppm region (probably CHCN). According to the results from elemental 
analysis, this product has the empirical formula ClTH21N 3. On the basis of these data, we have assigned to this 
product the structure 5-phenyl- 1-diethylamino- I, 3-~dicyano-4-pentene (IIlc); this structure does not contradict 
the mass spectrum of the product (Table 2). 

Citral reacts with an equimolar quantity of diethylamine and excess acetone cyanohydrin at 80~ giving 
an oily, dark brown product. In the IR spectrum of this product there is an absorption band at 2240 cm -I (non- 
conjugated CN group), and in its PMII spectrum (in CDC]3) there are signals with chemical shifts that are 
characteristic for NEt2, CH3, (CH3)2C= , (CH3)2C= CH, and CH(CN)NEt 2 (Table I). The elemen•l analysis of 
the product corresponds to the empirical formula C~6H27N 3. On the basis of these data, the product can be as- 
signed the structure of 1-diethylamino-3,7-dimethyl-1,3-dieyano-6-octene (IIId). Its mass spectrum does not 
contradict the structure (IIId) (Table 2). 

Previously [ 3], by distillation of the mixture obtained in the reaction of citral with equimolar quantities 
of diethylamine and acetone cyanohydrin, we recovered a mixture of various nitriles, among which there was 
no (IIId); this means that (IIId) is not obtained in the reaction with equimolar quantities. 

Sorbaldehyde reacts with an equimolar quantity of diethylamine and excess acetone cyanohydrin; however, 
judging by TLC and GLC data, it gives a complex mixture of products that cannot be separated by fractional 
distillation. However, on a plate with A120 3 (elution with a 3/2 mixture of" ether and hexane), we were able to 

3 1 5  



r ecover  f rom the react ion mixture a f ract ion in which the main product  is apparently 1-d ie thylamino-1-cyano-  
1,4-hexadiene (IV). The s t ruc ture  (IV) has been assigned to this product  on the basis  of spect ra l  data. In its 
IR spec t rum there are  the following absorption bands: 2215 (nonconjugated CN group) ,  1610 and 1650 (C = C  
stretching vibrations), and 970 cm -1 ( t rans-CH = CH deformation vibrat ions) .  An analysis  of the mass  spec-  
t rum of this product  does not contradict  the s t ruc tu re  (IV) (Table 2}. 

We should note that 2 ,4 ,6-octatr ienal  under analogous conditions fo rms  only the cyanenamine (II). 

Starting f rom the set of data we have obtained, we have attempted to elucidate the course  of the react ion 
of ~ , /J-unsaturated aldehydes with diethylamine and excess acetone cyanohydrin.  For  this purpose,  we added 
molar  quantities of diethylamine and acetone cyanohydrin to the aminonitr i le  (Ia) at room temperature ,  then 
heated the react ion mixture for  1 h, and left it for  1 day at ~ 20~ After  t rea tment  and vacuum distillation, a 
product  was obtained that was identical to (IIIa) according to GLC and the PMR spect rum.  This same product  
is also obtained without heating, but much more  slowly (react ion course  moni tored by GLC). Thus, on the 
basis of the data obtained previously  [ 1, 2] and the data that we have obtained in the example of erotonaldehyde, 
we can postulate the following scheme for  the react ion of ~, p -unsa tura ted  aldehydes with diethylamine and ex- 
cess  acetone cyanohydrin: 

CN CN 
/ Me~C(OH)CN / 

RIR~C=CHCHO -~ M%C(OH)CN-~- E~NH -~ R*R~C=CHCH ~ ~ B1R~CCH~CH 
\ I \ 

NEt~ CN NEt~ 

EXPERIMENTAL 

The GLC analysis  of the products  was pe r fo rmed  in an LKhM-SMD-5 chromatograph  with a ] . 4 - m  glass 
column with SE-30, c a r r i e r  gas nitrogen. The PMR spec t ra  were taken in CC14 in a Varian 60-IL ins t rument  
relat ive to HMDS; the IR spec t ra  were taken in CC14 in a UR-20 instrument;  the UV spec t ra  were taken in a lco-  
hol in a Speeord spectrophotometer ;  the mass  spec t ra  were taken in a Varian MAT CH-6 mass  spec t romete r  
and Varian MAT- 111 ch roma tog raph /mass  spec t romete r .  

Reaction of ~ - p - U n s a t u r a t e d  Aldehydes with Acetone Cyanohydrin and Diethylamine. a) To a mixture of 
the aldehyde with an equimolar  quantity of acetone eyanohydrin,  an equimolar  quantity of diethylamine was ad- 
ded with s t i r r ing  at ~ 20~ A modera te ly  exothermie react ion was observed.  After  a cer ta in  t ime (see Table 
1), the mixture was t reated with water and ext rac ted  with ether; the ext rac t  was dried with MgSO4, the solvent 
was driven off, and the res idue  was distilled. 

b) To a mixture of the aldehyde and a fourfold excess  of acetone cyanohydrin,  an equimolar quantity of 
diethylamine was added dropwise with s t i r r ing .  The mixture  was heated at a cer ta in  t empera tu re  for  a cer ta in  
length of time (see Table 1). The react ion mixture  was t rea ted  as descr ibed  above. The yields and c h a r a c t e r -  
is t ics of the products  a re  l isted in Table 1. 

C O N C L U S I O N S  

1. Conjugated monoene and diene aldehydes r eac t  with equimolar  quantities of acetone eyanohydrin and 
diethylamine, giving fl, T-unsatura ted  cyanamines.  With excess  acetone eyanohydrin,  these eyanamines a re  sub- 
sequently hydrogenated, forming 3,3-subst i tuted 3-cyanoaminoni t r i les .  

The analogous react ion of a tr iene aldehyde does not depend on the quantity of acetone cyanohydrin; the 
react ion leads to the cyanenamine. 

1, 

2. 
3. 
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