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Ah&act-Morpholinoenamines derived from cyclohexyl-, cyclohexen-1-yl-, and phenyl methyl ketone react with 
diethyl azodicarboxylate (DAD) and phenylisocyanate (PIG) in a similar manner. Some difference in behavioar is 
observed in their reactions with mesyl chloride (&Cl), whereas a completely diierent reactivity is shown with 
R-nitrostyrene (RNS). An example of catafysed reversible transformation thietane l,l-dioxide-enamino sulfone is 
reported. 

This paper deals with the reactivity of some substituted 
amino-ethenes with a number of electrophiles. 
Compounds la, b, c* (Scheme 1) were prepared by 
White-Weingarten condensation.’ Enamine la has been 
shown to be a 25 :75 mixture of the more and less 
substituted forms.* 

Reactions of la, b, c with DAD always led to mixtures 
of adducts 2a, b, c, and 4a, b, c respectively, even if the 
ratio enamine: DAD was 2:1, owing to the well-known 
high reactivity of the electrophile with enaminic systems. 
Enamines 2a, b, c could not be isolated but the NMR 
spectra of the crude reaction mixtures showed the 
signals for the vinylic protons. Enamine 2a in fact 
consisted of a 1: 1 mixture of configurational isomers, ‘as 
two vinylic proton signals appeared at 5.0 and 5.18 8, 
while 2b and 2c were single products, with the respective 
vinylic protons resonating at 4.7 and 5.8 S respectively. 
All these enamines could not undergo equilibration by 
acidic treatment under refluxing benzene, thus indicating 
that their formation was under thermodynamic control. 
Although the E-isomers are considered the more stable, 
we did not make any configurational assignments, neither 
did it seem possible on the basis of NMR analysis. It is 
our opinion that too many unknown factors affect the 
chemical shit of the vinylic protons to permit separation 
and correct evaluation of our trisubstituted ethenes, 
though several cases are reported in the literature?-’ 

When the same reactions were carried out with DAD 
in excess, enamines 4a, b, c were obtained, which are 
unusual for the presence of two (diethoxycarbonyl) 
hydrazino groups on the same C atom. It seems also of 
interest to point out that the yield of 4a is approximately 
equal to the percentage of the less substituted form in 
the parent enamine mixture. This would indicate that the 
equilibrium between the two isomeric forms is absent or 
very slow under the reaction conditions used. This 
conclusion is supported as follows: (i) During the 
synthesis of la, the less substituted isomer was obtained 
as a single product which was converted into its isomer 
only by acid catalyst or by distillation.’ (ii) When the 
reaction between la and DAD in ratio 1:2 was per- 
formed at 8V, the yield of 4a was quantitative. The 
analogies with the enamines derived from 2-methyl- 
cyclohexanone are evident.’ 

Acidic hydrolyses under mild conditions of enamines 

2a, b, c and 4a, b, c gave the corresponding ketones 3a, b, 
c and Sa, b, c respectively. The increasing S values for 
the protons geminal to the (diethoxycarbonyl) hydrazino 
groups are in agreement with the increasing deshielding 
effect of the R substituent (cyclohexyl < cyclohexenyl 
< phenyl) (Table 1). The same effect will operate also in 
enamines and in the other ketones obtained in the other 
reactions. 

Reactions of la, b, c with PIC led to the enamine 
adducts 6a, b, c respectively. As in the above reaction, 6a 
proved to be a 1: 1 mixture of E and Z isomers, which 
did not undergo equilibration in acidic medium. The 
corresponding ketones 7a, b, c were obtained by acidic 
hydrolyses of the respective enamines. 

The substrates la, b, c showed a different behaviour 
when they reacted with mesyl chloride, While la gave 
the cyclic adduct 9a as a single product, lb and lc led-to 
mixtures of enamine adducts 8b and & together with the 
thietane l,l-dioxides 9b and 9c respectively, the latter 
being the major products. The thietane l,l-dioxide 9a 
was very stable as it could not be converted to the 
open-chain enamine, unlike analogous compounds,” by 
basic treatment under reflux. 

A very unusual behaviour was observed for 
compounds 8b and 9b. The attempted acidic hydrolysis 
of the enaminosulfone 8b resulted in a rapid cycliiation 
leading to 9b in quantitative yield and not to the expected 
ketone lob, as has always occurred.* On the other hand, 
when 9b was treated with alcoholic KOH under reflux, 
enamine 8b was reobtained.” The situation could be 
rationalized as depicted in Scheme 2. 

Surprisingly an analogous behaviour was not shown by 
the enaminosulfone fk which was dissolved in an acidic 
aqueous medium and led rapidly to the cdrresponding 
ketone 1Oc. A further marked difference was observed in 
the case of the thietane 1,ldioxides 9a and 9c, as they 
could not be converted into the corresponding open- 
chain enamines, even under vigorous conditions. Instead, 
all of them could be hydrolysed to the corresponding 
ketones lOa, b, c but only under forcing conditions, i.e. 
reflux in a solution of water and concentrated hydro- 
chloric acid in ratio 1: 1 for 1 week. When 9a, b, c were 
heated in an excess of morpholine, the adduct 11 was 
obtained in quantitative yield. This would indicate that 
the formation of the thietane 1,1-dioxides was reversible, 

2537 



2538 R. A. FERN et al. 

9= + y= 
la 

Q_ 
RC 
lb 

Ipco~Et 

RwNC4Et 
R-NC0 Et 

AH&Et 

4a,b.c 

t 
DAD 

DAD 

r 

RwH 

RlnNCO Et 
h&t 

2 (a),(b),(c) 

.PIC 

t 

RwH 

R&ON” Ph 

6a.b.c 

4 RVH 

R-SO&“, 

M&l 
8 b,c 

+ 

a: R = cyclohexyl-. 
b: R = cyclohexen-1-yl-. 
c: R = phenyl-. 
R’ = morpholino. 
Compounds in brackets were not isolated. 

L R 

z -2 

R’ 

Qa,b,c 

Scheme 1. 

H30+ 
. 

H30+ 
w 

H30+ 
. 

CaHsNO 

l- H30t A 

yHCO,Et 
NC02Et 

R 

+ 
vC03Et 

0 NHC03Et 

5 a.b.c 

R)pNC03Et 
0 kHC02Et 

3a, b,c 

RyY NHPh 

0 

la.b,c 

R 

jr 
SO&H3 

0 

lOa,b,c 

8b 

t 
EtOH 

Qb 

Scheme 2. 





E
 

T
ab

le
 2

. S
om

e 
si

gn
if

ic
an

t I
R

 a
nd

 ‘
H

 N
M

R
 d

at
a 

fo
r 

co
m

po
un

ds
 r

ep
or

te
d 

in
 T

ab
le

 1
 

C
om

po
un

d 
vm

ax
/c

m
-l(

N
uj

ol
J 

C
he

m
ic

al
 

sh
ift

(6
)‘f

or
 

C
D
C
~
 3 

so
ln

s 
re

la
tiv

e 
to

 
TM

S 

la
 

lb
 

3a
 

3b
 

3c
 

4a
 

4b
 

4c
 

5a
 

5b
 

SC
 

6a
 

bb
 

6c
 

7a
 

16
05

(C
=C

-N
J=

 

16
30

,1
59

0(
C

=C
-C

=C
Ja

 

N 

33
00

~N
H

J;
17

48
,1

72
0(

C
o2

~t
~;

t7
05

(C
oJ

 

32
90

~N
H

J;
17

42
,1

71
0~

C
02

Et
J;

t6
65

(C
O

) 

32
75

(N
H

J;
17

30
,1

71
0~

C
02

Et
J;

16
80

~C
O

J 

32
80

(N
H

J;
17

45
,1

72
5,

17
00

~C
02

Et
J;

16
20

~C
=C

-N
,! 

33
40

,3
29

0(
N

H
J;

17
56

,1
74

5,
17

Z8
,1

70
0(

C
02

Et
J;

 

16
25

(C
=C

-N
J 

32
80

~N
H

J;
17

50
,1

73
2,

17
00

(C
02

Et
J;

16
3~

~C
=C

-N
J;

 

75
0,

69
8(

Ph
J 

33
20

(N
H

J;
17

40
,~

71
0~

C
02

Et
J;

16
85

(C
oJ

 

33
50

,3
33

0(
N

H
J;

17
42

,1
73

0,
17

1S
~C

02
Et

J;
16

7~
~C

oJ
; 

16
38

(C
=C

J 

33
00

(N
tlJ

;1
73

0(
C

02
Et

J;
16

80
(C

O
J;

76
8,

69
2(

Pt
~J

 

32
70

,3
12

0(
N

H
J;

16
40

,1
59

0,
15

40
~N

-C
=C

-C
O

J 

32
80

,3
25

0,
31

X0
,3

12
0~

N
H

);1
65

0,
15

75
,1

52
5 

(N
-C

=C
-C

O
) 

32
50

(N
H

J;
16

50
,1

59
5,

15
45

(N
-C

=C
-C

O
J;

l6
13

, 

15
72

.1
49

0,
76

0,
69

O
(P

hJ
 

31
40

(N
H

J;
16

95
(C

0J
~1

66
5,

15
60

~C
0N

H
J;

16
05

,7
50

, 

69
0(

Ph
J 

3.
15

,3
.7

5(
1.

5H
,2

s,
C

=C
I1

2J
 

5.
9(

1H
,C

=C
H

J;
4.

05
,3

.8
5(

2H
,2

s,
C

=C
fi2

J 

32
( 

lH
,b

sN
&

tJ
 

48
,8

.9
3(

5H
,m

,P
hJ

 

t(.
O

S(
lH

,b
s,

N
fiJ

 

4.
9(

1H
,s

,N
-C

=C
fiJ

;6
 

‘. 

(lH
,b

s,
N

EJ
 

5.
18

(lH
,C

=C
H

J;
6.

98
 



7b
 

8b
 

8c
 

9a
 

9b
 

1
0
a
 

lo
b
 

1
o
c
 

3.
65

(5
H

,m
,c

~2
O

C
~2

,C
~P

h~
;4

.6
o-

5.
3o

(3
H

,~
,c

~2
N

o2
,c

=c
~~

i 

7.
3(

5H
,P

h
J 

4.
05

(lH
,m

,C
~P

h)
;4

.5
3(

2H
,d

d,
C

F1
2N

02
J;

4.
73

(1
H

,d
 

(J
=9

.5
 

H
z)

, 

C&
g 

J 

2.
3(

1H
,C

&
0)

;2
.9

5(
2H

,d
 

(J
=6

.5
H

~J
,C

~2
c0

~;
4.

08
(1

H
,~

,c
H

Ph
); 

4.
72

(L
H

,d
d 

(J
=9

.0
 

H
z,

J2
=6

.5
 

H
z)

,C
g2

N
02

);7
.3

(5
H

,P
b)

 

3.
47

(2
H

,d
 

(~
~7

.5
 

H
z)

,c
~2

co
);4

.2
8(

lH
,m

,c
~P

h)
;4

.8
4(

2H
,d

d 

(5
1’

2.
5 

H
Z
,J

~
=
~
.~

 
H

z)
,C

t1
2N

02
);7

.2
-8

.1
(5

H
,P

h)
 

‘F
ii 

b
Sp

e
c

tr
u

m
 o

f 
12

~
 fo

r 
C

D
C

la
 so

ln
. 



2542 R A. Feruu ef al. 

t 

H30+ 

Ph 

la,cBNg_ R 32 nd_ RwH 

R’ 

\O 
R’ 

97 
Ph NO, 

lb 

tL Ii 
li30+ 

- 

13 (b) 
+ 

13 Ga,c 

0 Ph 

14 b 

R’ 

15 16 

Scheme 3. 
a: R = cyclohexyl-. 
b: R = cyclohexen-l-y]-. 
c: R = phenyl-. 
R’ = morpholino. 
Compounds in brackets wer note isolated. 

tins enamine is sorely that derived from (cyclohexen-l- 
yl)-methyl ketone. Its unusual behaviour opens up new 
areas especially in the annulation reaction\. 

Mps were determined on a Gaffe&amp apparatus and are 
uncorrected. fR spectra were recorded on a Perk&Elmer 257 
spectrometer and NMR spectra on a JNMUWIL Jeol spec- 
trometer. 

la: b.p.,.Jmmns. 97-8” 
lb: b.p.s-& 110” 

General procedure 
Reaction of 1 with DAD in ratio 1:l. DAD in dry ether was 

added dropwise to a soln of the enamine in the same solvent, at 
5”. The mixture was kept at 5” for 48 hr. A TLC showed that the 
crude mixture consisted of adducts 2 and 4. It was hydrolysed 
and chromatographed on SiOs. Elution with acetone-benzene 5% 
gave 3 and 5 respectively. 

Reaction of 1 with DAD in ratio 1:2. The above reaction was 
performed in order to isolate 4. After standing at 5” for 72 hr, 
removal of the solvent left an oily residue which crystallized 
from a suitable solvent (Table 1) to atford 4. Acidic hydrolysis 
of 4 with 1N HCl in acetone-water afforded the corresponding 
ketone 5, in quantitative yield. 

Reaction of 1 with PK. PIC was added to a soln of 1 in dry 

ether, at 5”. After standing at 5” for 24 hr a crystalline product 6 
was filtered off and crystaflixed from suitable solvents. A 
considerable amount of N-phenyl-carbamoyl-morphohne also 
separated. The product 6 was then hydrolysed with HCl 1: 4 in 
acetone-water for 24 hr, to dord 7 in quantitative yield. 

Reaction of la with MsCI. MsCl was added dropwise to a 1: 1 
mixture of enamine la and NEts in dry ether, at 5”. The hydro- 
chloride salt was filtered off. The mother liquors were kept at 5” 
for 12 hr and 9r formed. 

Reaction of lb (1~) with MsCI. MsCl was added to a mixture 
of lb (1~) and NEts in ratio 1: 1, in dry ether, at 0”. The 
hydrochloride salt was filtered off, the solvent was removed from 
the mother liquors. The oily residue which contained a mixture 
of Sb (Se) and 9b (9c), was fractionally crystaRixed and the 
products isolated. 

Acidic hydrolyses of the thietane l,l-dioxides 9. A soln of 9 in 
acetone, acidiied to pH 2, was refluxed for 1 week, cooled and 
extracted with benzene. Removal of the solvent left an oil which 
crystalliied from the suitable solvent, to afford 10. 

Reaction of III with /3NS. BNS was added dropwise to a soln 
of la in dry ether, at (P. After 2 hr at 5”, a crystalhne product, 
1211, was filtered off and analvsed. Hydrolysis of 12a, carried out 
in water led to the corresponhing ketone i4a. 

Reactioy of lc with BNS. BNS was added dropwise to a soln 
of lc in dry ether, at 5”. After standii at 5” for 48hr. a solid 
formed and was isolated, 13~. Enamine 13c was dissolved in 
acetone and hydrolysed with HCI 1:4, affording 14c in quan- 
titative yield. 
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