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SYNTHESIS OF cr,@-UNSATURATED ALDEHYDES 

VIA l-AMINOPROPA-1,2-DIENES: MECHANISTIC STUDIES 

J. Cymerman Craig* and Nnochiri N. Ekwuribe 

Department of Pharmaceutical Chemistry, School of Pharmacy 

University of California, San Francisco, California, 94143, U.S.A. 

Summary: A facile prototropic rearrangement of N-(prop-Z-ynyljamines to l-aminopropa-1,2-dienes, 

followed by acid hydrolysis, affords a novel synthesis of a,@-unsaturated aldehydes. The me- 

chanism of the reaction has been examined by deuterium labeling. 

Heterosubstituted allenes are of interest as synthetic precursors to a,@-unsaturated aldehydes, 

and acid hydrolysis of alkoxyallenes has been reported' to produce the desired ethylenic carbonyl 

compounds. We have examined a number of the corresponding al.lenic enamines2 (Scheme 1) obtained 

from the tertiary N-(prop-2-ynyl)am~nes~z (Table 1) by metallation with n-butyl lithium at -76'C 

followed by protonation with methanol at O*C. 
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Scheme 1 

The allenic structures 2 were confirmed by their ir (1950 cm -l, HC = C = CH) , nmr (two down- 

field doublets with J = 6 Hz due to two vinylic protons) and mass spectra.3 We found that hydro- 

lysis of the enamines 2 with aqueous acetic acid (Scheme 1) proceeded quantitatively to give the 

pure a,fi-unsaturated aldehydes 2 in high overall yield4 (Table 1). The mechanism of the hydro- 

lysis was examined using deuterium labeling (Table 1). 

Hydrolysis of the allenic enamine & with acetic acid - 0 - dl in D20 gave (Table 1) cinna- 

maldehyde - 2- dl (3&). The fact that the aldehyde proton appeared as a singlet (9.72 ppm) indi- 

cated that labeling of C-2 with deuterium was complete. Protonation of the lithio-derivative 

(from &a> 
5 

with methanol - 0 - dl led to the allenic enamine 2,b containing only the vinylic 

proton at C-l. Hydrolysis of 3 using aqueous acetic acid afforded cinnamaldehyde-3-dl (&) 

showing the aldehydic proton as a doublet, while reaction of 2 with acetic acid-O-d1 in D20 

yielded cinnamaldehyde-2,3-d2 (21, with the aldehyde proton appearing as a singlet. 

Similar results were obtained using N-(3-phenylprop-Z-ynyl)morpholine (lb) or N-(hept-Z-ynyl) 

piperidine (2) as starting materials (Table 1). Alkylation of the lithio-derivative from lb 

2587 



T
a
b
l
e
 1
 

R
I 

R
3 

n1
 

1 
R

I 
R

2 
R

3 
I 

I 
I 

-C
H

,-C
 

- 
C

 -
R

, 
-x

 
N

-C
=C

=C
-R

,- 
O

=C
-C

=C
-R

, 

N
-
(
P
r
o
p
-
2
-
y
n
y
l
)
a
m
i
n
e
 1
 

1
-
A
m
i
n
o
p
r
o
p
a
-
1
,
2
-
d
i
e
n
e
 
,
&
 

a
.
B
-
U
n
s
a
t
u
r
a
t
e
d
 A
l
d
e
h
y
d
e
 

3
 

C
I
 

C
o
m
p
o
u
n
d
 

X
 

R
4
 

R
e
a
g
e
n
t
s
 

C
o
m
p
o
u
n
d
 

U
s
e
d
 

R
1
 

R
3
 

R
e
a
g
e
n
t
s
 

C
o
m
p
o
u
n
d
 

O
v
e
r
a
l
l
 

U
s
e
d
 

R
l
 

R
2
 

Y
i
e
l
d
 

(
%
)
 

g
5
 

C
H
2
 

'
6
%
 

a
,
b
 

2
a
 

H
 

H
 

e
 

3
a
7
 

H
 

H
 

8
8
 

1
,
"
 

C
H
2
 

C
6
H
5
 

a
,
b
 

t
i
 

H
 

H
 

f
 

3
b
 

H
 

D
 

8
8
 

c
 

H
R
 

*
*
 

1
,
"
 

C
H
 2
 

'
g
H
5
 

a
,
d
 

Z
J
 

H
 

D
 

e
 

3
c
 

H
 

8
8
 

l
a
 

N
 

C
H
2
 

'
g
H
5
 

a
,
d
 

2
b
 

H
 

D
 

f
 

3
d
 

H
X
 

D
 

8
8
 

w
 

0 
'
g
H
5
 

a,
b 

z
c
 

H
 

H
 

e 
3,

’ 
H
 

H
 

8
8
 

C
H
2
 
n
-
C
4
H
g
 

a
,
b
 

2
d
 

H
 

H
 

e
 

3
f
8
 

H
 

H
 

6
8
 

l
b
 

0
 

'
g
H
5
 

a
,
c
 

%
 

H
 

C
H
3
 

e
 

3
g
g
 

H
 

H
 

8
6
 

l
b
 

0
 

'
g
H
5
 

a
,
c
 

D
 

f
 

z
 

D
 

D
 

8
6
 

t
h
e
n
 

L
f
 

C
H
3
 

c
 

a
,
d
 

R
e
a
g
e
n
t
s
 u
s
e
d
:
 a
,
 n
-
C
4
H
g
L
i
/
h
e
x
a
n
e
;
 
b
,
 
C
H
3
0
H
;
 

c
,
 
(
C
D
3
)
2
S
0
4
;
 

d
,
 
C
H
3
0
D
;
 

e
,
 C
H
3
C
O
O
H
/
H
2
0
;
 

f
,
 C
H
3
C
O
O
D
/
D
2
0
;
 

*
O
.
4
 D
 

*
*
O
-
3
 D
 



2589 

Scheme 2 

;N-CH,-WC-R, 
a 

-[;N-CH=C=&R,]Li+ 

1 - 

d 
- ;N-CH=C=CD-R++- [ :k=cH-c=CD-R4] 

2 

f b )N-YH-E=CD-R,- 

0-+0-D 

;N-:H-CD=CD-b- -;E;,-CH-cD=c0-R, 
I I 

D-O 3 
DO 

-;ND + O=CH-CD= CD-R4 

3 - 

Reagents used: a, n - C4H9Li/hexane 

d, CH30D 

f, cn3cooD/D20 
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with dimethyl sulfate at -76'C gave the allenic enamine N-(3-phenylbuta-1,2_dienyl)morpholine 

(z), converted by acetic acid hydrolysis into 3-methylcinnamaldehyde (3~). Metallation of 2 

followed by deuteration with methanol-O-d1 gave N-(3-phenylbuta-1,2-dienyl)morpholine-l-d1 (Lf), 

hydrolysis of which with acetic acid-O-d1 in D20 afforded 3-methylcinnamaldehyde-1,2-d2 (3&), 

shown by nmr analysis to be completely deuterated at C-l and C-2. 

The results of the deuterium labeling experiment shown in Table 1 support the mechanism 

summarized in Scheme 2 for the hydrolysis of the allenic enamines. The observed occurrence of 

0.3 D at C-Z in the product 3,c (Table 1) is explained by partial exchange of acetic acid with 

methanol-O-d1 still present in the solution from the previous step. The finding of 0.4 D at the 

aldehydic proton (C-l) in both 2 and 3i (Table 1) suggests that the allenic enamine 2& undergoes 

partial metallation at C-l by the lithium methoxide produced in the previous step (1 + 2) and 

is then rapidly deuterated by excess methanol-O-dl. 

In addition to the preparative ease and high yield of the method, the possibility of spe- 

cifically introducing label into the C-2 and C-3 positions of the product has synthetic utility. 
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