
15. VII. 1963 

_ _  

/ 
/ 

OH 
HC/____~ 

HOCH O 

H ~ - O ~  

H~ I"CH • C~Ha 

@_o / 
I 

Phenylhydrazin 

ohne Lfsungsmittel 

Brevi comunicazioni - Brief Reports 

keine 
Amadoriumlagerung 

NH-NH-CsH 5 
• HC / 

] "NH-NH-CaH s 
HCOH 

I II 

Phenylhydrazin 

(in L6sung) 

. c : . _ . . _ c . . o  _ 1 
C:N-NH-CfH 5 
I 

VIII VIIa 

Phenyl-  

hydrazin • HC1 

l~bergang der  Bis -hydraz ino-verb indung  (II) zum Ama-  
dor ip roduk t  n ich t  erfolgt,  dfirfte auf  die Bi ldung einer 
s tabi len Wasserstoffbrf icke zwischen N-  und H - A t o m e n  
der  beiden Pheny lhydraz in res te  zuri ickzuffihren sein. 
S t a r t  dessen bi ldet  sich in schneller  Reak t ion  neben 4, 6- 
Benzal -D-glucose-phenylhydrazon (III)  durch  tei lweisen 
Zerfall  yon  Pheny lhydraz in  s-7 (in Anilin, Ammoniak ,  
Benzol  und Stickstoff) 1 -Phenylamino-4 ,6-benza l -o-g lu-  
cosid (IV), das mi t  I I I  eine Moleki i lverb indung (V) bi ldet .  
Die S t ruk tu r  yon  V wurde  durch  die Dars te l lung  aus den 
K o m p o n e n t e n  ( I I I  und IV) bewiesen. N a c h  Acety l ie rung 
yon  V kann  das N-D-Glucosid (IV) als 1-[Acetyl -phenyl-  
amino] - 2, 3- d iace ty l -  4, 6- benza l -  D- glucosid abge t r enn t  
werden.  4,6-Benzal-D-glucose (I) und Anil in oder  das 
N-D-Glucosid (IV) gehen un te r  geeigneten Bed ingungen  
(H+-Ionen-Kata lyse)  ausserordent l ich  schnell in 1-Desoxy- 
1-phenylamino-4,  6-benzal-D-fruetose (VI) s fiber. Die U m -  
lagerung,  die offenbar  fiber das 1 ,1-Bis-phenylamino-  
de r iva t  ver l~uf t  ~, wird bei  VI  durch  Zugabe ger inger  
Mengen yon Anil in sehr  s ta rk  beschleunigt .  Die  1, 1-Bis- 
a ry lamino-de r iva te  der  4, 6-Benzal-D-glucose konnten  bis- 
her  n icht  in re iner  F o r m  gewonnen werden.  Sie sind s te ts  
m i t  N-D-Glucosid und schnell  sich b i ldendem Amador i -  
p ro d u k t  verunre in ig t .  Die Amador ive rb indung  (VI) rea- 
giert  mi t  Pheny lhyd raz in  schnell  und fast  q u a n t i t a t i v  zu 
1 -Desoxy-  1 -pheny lamino-4 ,  6-benzal-D - f ruc tose-phenyl -  
hydrazon  (VII),  das un te r  sehr  milden Bedingungen  mi t  
2 Moll. Pheny lhydraz in -hydroch lo r id  in hoher  Ausbeu te  
das Phenylosazon  (VIII) liefert.  

ES ist n ich t  erforderl ich,  dass zur  Bi ldung des N-D- 
Glucosids (IV) noch freie Glucose in der  Reak t ions l f sung  
vorl iegt .  Das Pheny lhydrazon  (III)  t ausch t  den Phenyl -  
hydraz inres t  sehr le icht  gegen A m i n  aus. 
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Die Osazonreakt ion  verl l iuft  demnach  fiber die A m a -  
dor iumlagerung  einer  1 -Desoxy- l -pheny lamino-ve rb in -  
dung (VI), die sich p r imer  aus dem Pheny lhyd razon  m i t  
Anil in durch  U m a m i n i e r u n g  bildet .  Le tz teres  v e r d a n k t  
seine E n t s t e h u n g  dem dispropor t ionierenden Zerfall  yon  
fiberschfissigem Pheny lhydraz in* -L  Die Dehydr i e rung  
des Pheny lhydrazons  (Vii) verlAuft  wahrscheinl ich fiber 
die s tark  reduzierende En-d iamin - fo rm 9 (VIIa) .  H ie rauf  
wurde  berei ts  in e iner  frfiheren Mi t te i lung  hingewiesen.  
Wassers to f fakzep tor  ist  ve rmut l i ch  weiteres Phenyl -  
hydrazin .  

Summary. For  the  osazone reac t ion  of the  reducing 
sugars, the  fol lowing mechan i sm is suggested : the  ini t ia l ly  
formed pheny lhydrazone  is conver ted  wi th  anil ine into 
the  N-glycoside.  Anil ine arises f rom dispropor t ional  de- 
composi t ion  of phenylhydraz ine .  The  N-glycoside under-  
goes an  Amador i - r ea r r angemen t  to 1 -deoxy- l -amino-2-ke-  
rose der iva t ive .  F r o m  this is formed the phenylhydrazone .  
The  l a t t e r  is conver ted  by  dehydrogena t ion  and t rans-  
amina t ion  into  the  phenylosazone.  

F. MICHEEL und I. DIJONG 

Organisch-Chemisches Institut der Universitiit Mi~nster 
(West[Men, Deutschland), 22. Mfirz 7963. 
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S y n t h e t i c  P e p t i d e s  R e l a t e d  t o  E l e d o i s i n  

( P a r t  I )  

After  the  s t ruc ture  of Eledoisin,  a powerful  vasodi la t ing  
and hyper tens ive  pept ide  isolated f rom the  sa l ivary  
glands of a mollusc 1, had  been e lucidated  1 and conf i rmed 
by  synthesis  3, we have  prepared  a large n u m b e r  of ana-  
logues of this subs tance  in order  to inves t iga te  the  influ- 

ence of s t ruc tu ra l  modif icat ions  on its biological  proper-  
ties. Those few analogues or  par t ia l  sequences which have  
been found to possess high biological  a c t i v i t y  will be the  
subjec t  of a la ter  report .  In  t he  present  communica t ion ,  
we are l is t ing in a Table  those  analogues and par t i a l  

1 V. ERSPAMER and A. ANASTASX, Exper. 18, 58 (1962). 
2 ED. SANDRIN add R. A. BOISSONNAS, Exper. 18, 59 {1962). 



¢.
o 

N
r.

 
C

h
em

ic
al

 f
o

rm
u

la
 

A
c

ti
v

it
y

 o
n

 
[c

~]
~ 2

 i
n

 9
5

%
 

th
e 

g
u

in
ea

- 
ac

et
ic

 a
ci

d
 

p
ig

 i
le

u
m

 
(c

 =
 

1)
 

M
p.

 

E
le

ct
ro

p
h

o
re

ti
e 

m
o

b
il

it
y

 i
n

 8
0

%
 

E
le

m
e

n
ta

l 
fo

rm
ic

 a
ci

d
 

fo
rm

u
la

 
E

le
m

e
n

ta
l 

an
al

y
si

s 
C

 
H

 
O

 
N

 
S 

~
-O

H
 

1 
H

-G
lu

-P
ro

-S
e

r-
L

y
s-

A
sp

-A
la

-P
h

e
-I

le
-G

ly
-L

e
u

-M
e

t-
N

H
 2 
E

le
d

o
is

iu
 1

00
 

V
--q

 
~-

O
H

 
2 

H
- 

G
lu

-P
ro

- S
er

-L
y

s-
A

sp
-A

la
-P

h
e-

Il
e-

G
ly

-L
eu

 
N

H
~

 
<

:1
 

,-
O

H
 

3 
H

- 
G

lu
-P

ro
-S

er
-L

y
s-

A
sp

-A
ta

-P
h

e-
Il

e-
G

ly
-L

eu
 

O
H

 
<

:1
 

~
-N

H
~

 
4 

H
- 

G
lu

-P
ro

-S
er

-L
y

s-
A

sp
-A

la
- P

h
e-

Il
e-

G
ly

-L
eu

 
N

H
~

 
<

~
1 

I-N
H

2 
5 

H
-
 G

lu
-P

ro
-S

er
-L

y
s-

A
sp

-A
la

-P
h

e-
Il

e-
G

ly
-L

eu
 

,. O
H

 
<

1
 

i-
N

H
~

 
I-

0
H

 
6 

H
- 

G
lu

-P
ro

- S
er

-L
y

s-
A

sp
-A

la
-P

h
e-

Il
e-

G
ly

-L
eu

 
....

 N
H

z 
<

1
 

I-N
H

~ 
t-O

H
 

7 
H

- 
G

lu
-P

ro
-S

er
-L

y
s-

A
sp

-A
la

-P
h

e-
Il

c-
G

ly
-L

eu
. 

. O
H

 

~-
--

~ 
t-

O
H

 
8 

B
z-

G
lu

-P
ro

-S
er

-L
ys

-A
sp

-A
la

-P
h

e-
Il

e-
G

ly
-L

eu
- 

N
H

~
 

U
-'

-t
 

U
 O

H
 

9 
B

z-
G

lu
-P

ro
-S

er
-L

y
s-

A
sp

-A
ta

-P
h

e-
It

e-
G

1
 y
-L

eu
 

O
H

 
<

:1
 

~
-O

H
 

10
 

H
- 

A
sp

-A
la

-P
h

e-
Il

e-
G

ly
-L

eu
 

N
H

~
 

<
21

 

I-
O

H
 

11
 

H
 

.A
sp

-A
la

-P
h

e-
Il

e-
G

ly
-L

eu
 

O
H

 
<

~.
 1

 

I-
N

H
a

 
I~

 
H

. 
.A

sp
-A

la
- P

h
e-

 I
le

-G
ly

- L
eu

 
N

H
z

 
<

: 
1 

I-
N

H
z 

13
 

H
. 

A
sp

-A
la

-P
h

c-
 Il

c-
G

ty
*

L
eu

 
O

H
 

,~
1

 

14
 

H
. 

rO
H

 
A

sp
.A

la
-P

h
e-

II
e-

G
ly

-L
eu

-M
et

-G
ly

-N
H

~
 

~ 
1 

I-
O

H
 

1
5

 
H

, 
A

sp
-A

Ia
-P

h
e

-l
le

*
G

ly
-L

e
u

-M
e

t-
0

H
 

<
~1

 

O
 

t -
0

H
 

II 
16

 
H

. 
A

sp
-A

la
-P

h
e-

Il
e-

G
ly

-L
eu

-M
et

.N
H

~
 

,~
 1

 

I-
O

H
 

17
 

H
. 

A
sp

-A
la

-P
h

e-
Il

e-
G

ly
-L

eu
-B

u
t-

N
H

~
 

~
1

 

-
-

 
4

4
 ° 

-
-
5

9
 °
 

-
-
6

5
 °
 

-
-
5

9
 °
 

_
5

9
 °

 

-
-

 
5

0
 °
 

-
-
5

5
 °
 

-
-
5

0
 ° 

-
-
5

8
 °
 

-
-
3

0
 °
 

-
-
2

9
 °
 

-
-
3

0
 °
 

--
'2

8
 °
 

-
-
2

7
 °
 

-
-
3

0
 °
 

-
-
2

2
 °
 

-
-
3

3
 °
 

23
0 

~ 
d

ec
. 

0
.4

8
 

T
ry

 

2
1

0
 ° 

d
ec

. 
0

.5
3

 
T

ry
 

"~
2

5
0

°d
ce

. 
0

,6
0

 
T

ry
 

"~
2

1
0

 ° 
d

ec
. 

0
.5

4
 

T
ry

 

~
2

4
0

 °
 d

ec
. 

0,
48

 
T

ry
 

"~
2

0
0

 ° 
d

ec
, 

0
,8

6
 

T
ry

 

~
1

9
0

 °
 d

ec
. 

0
.8

5
 

T
ry

 

'~
1

8
5

 ° 
d

ec
. 

0
.5

5
 

T
ry

 

"~
'2

40
 ° 

d
ec

. 
0

.5
5

 
T

ry
" 

"~
5

0
 ~

 d
ec

. 
0

.6
5

 
T

ry
 

~
2

5
0

 °
 d

ec
. 

0
.6

5
 

T
ry

 

26
00

 d
ec

, 
0

.6
8

 
T

ry
 

24
0 

° 
d

ec
. 

0
.6

8
 

T
ry

 

'~
2

5
0

 ° 
d

ec
. 

0
,6

3
 

T
ry

 

'~
2

5
0

 ° 
d

ec
. 

0.
61

 
T

ry
 

"~
2

4
0

 ° 
de

c.
 

0
.6

2
 

T
ry

 

"~
2

6
0

 ° 
d

ec
. 

0,
61

 
T

ry
 

C
n,

H
s~

O
~a

N
~3

S 
C

 
5

3
.8

 
7.

2 
`2

1.
2 

15
.0

 
~

.7
 

+
H

e
O

 
F 

5
3

.2
 

7.
9 

21
.4

 
14

.6
 

2
.8

 

C
a~

H
~,

O
l4

N
l~

 

C
4
9
H

T
~

O
,~

N
n
 

C
49

H
~7

O
la

N
,a

 
+

 C
F

aC
O

O
H

 

C
49

H
T

~O
I4

N
l~

 
+

~
H

~
O

 

C
~9

H
T

sO
I~

N
la

 
+

 6
H

~
O

 

C
ao

H
T

sO
ts

N
la

 

C
56

H
s2

01
4N

l~
 

+
H

~
O

 

C
s6

H
s1

O
I~

N
ll

 
+

H
2

0
 

C
ao

I-
I4

7O
sN

7 

C
so

H
a6

O
gN

a 

C
3o

H
4s

O
rN

s 

C
30

H
47

O
sN

v 

C
aT

H
~o

O
lo

N
oS

 
+

C
F

3
C

0
0

H
 

C~
H

s~
O

10
NT

S 
+

C
F

a
C

O
O

H
 

C
 

55
,7

 
7.

3 
2

1
.2

 
15

.9
 

- 
F 

55
.'2

 
7.

7 
~

1.
7 

15
.4

 
- 

C
 

5
5

.6
 

7
.2

 
22

.7
 

14
.6

 
- 

F 
5

5
.2

 
7.

9 
~

2
.4

 
14

.6
 

- 

C
 

5'
2.

3 
6.

7 
- 

15
.6

 
- 

F 
51

.1
 

7.
1 

- 
15

.7
 

- 

C
 

53
.8

 
7.

3 
23

.4
 

15
.4

 
- 

F 
53

.9
 

7.
3 

'2
3.

4 
15

.3
 

- 

C
 

4
9

.8
 

7.
7 

'2
7.

1 
15

.4
 

- 
F 

50
. °

 
7.

5 
'2

6.
9 

15
.1

 
- 

C
 

5
4

,8
 

7.
3 

22
.4

 
15

.6
 

- 
F 

5
4

.4
 

7
.5

 
2~

.4
 

15
.5

 
- 

C
 

57
.7

 
7.

1 
`2

0.
6 

14
.5

 
- 

F 
5

7
.5

 
7.

5 
20

.7
 

14
,3

 
- 

C
 

5
7

.6
 

7
,2

 
2

2
.0

 
13

.2
 

- 
F 

5
7

.2
 

7
.6

 
22

.1
 

13
,1

 
- 

C
 

5
6

.9
 

7.
5 

2
0

.2
 

15
,4

 
- 

F 
56

.9
 

8
.2

 
19

.6
 

15
.2

 
- 

C
 

56
.8

 
7.

3 
02

.7
 

13
.3

 
- 

F 
5

6
.8

 
7.

5 
22

.3
 

13
.3

 
- 

C
 

56
.9

 
7.

7 
17

,7
 

17
.7

 
- 

F 
56

.8
 

7.
8 

17
.3

 
18

.0
 

- 

C
 

56
.8

 
7.

5 
20

.2
 

15
.5

 
- 

F 
56

.5
 

7.
9 

20
.3

 
15

.4
 

- 

C
 

50
.0

 
6.

5 
- 

13
.5

 
3

.4
 

F 
4

9
.9

 
6.

5 
- 

14
.3

 
3

.4
 

C
 

5
0

.6
 

6
.4

 
- 

11
.2

 
3

,6
 

F 
5

0
.6

 
6

.8
 

- 
11

,3
 

3
,6

 

C~
H5
6O
I~
Ns
S 

+C
F~

C
O

O
H

 

C
34

H
s4

0~
N

s 
+

C
F

3
C

O
O

H
 

C
 

4
9

.7
 

6
.4

 
- 

1'
2.

6 
3

,6
 

F 
48

.1
 

6
.4

 
- 

13
.0

 
3.

7 

C
 

51
.9

 
6.

7 
- 

13
.5

 
- 

F 
51

.7
 

6.
9 

- 
14

.3
 

- 

¢o
 

t.
 I H
 

¢o
 

>
 

N
 



N
r.

 
C

h
e

m
ic

a
l 

fo
rm

u
la

 

A
c

ti
v

it
y

 o
n

 
[~

¢]
~)

~ 
in

 9
5

%
 

th
e

 g
u

in
e

a
- 

a
c

e
ti

c
 a

c
id

 
p

ig
il

e
u

m
 

(c
 =

 
1)

 
M

p
. 

E
le

c
tr

o
p

h
o

re
ti

c
 

m
o

b
il

it
y

 i
n

 8
0

%
 

E
le

m
e

n
ta

l 
fo

rm
ic

 a
c

id
 

fo
rm

u
la

 
E

le
m

e
n

ta
l 

a
n

a
ly

si
s 

C
 

H
 

O
 

<
 

1
8

 
H

 

19
 

H
 

2
0

 
H

 

2
1

 
H

 

2
2

 
H

 

2
3

 
H

 

2
4

 
H

 

2
5

 
H

 

2
6

 
H

 

2
7

 
H

 

2
8

 
H

 

2
9

 
H

 

3
0

 
H

 -
- 

P
ro

-S
e

r-
L

y
s 

31
 

H
 .

..
..

..
..

..
 S

e
r-

L
y

s 

V
-
-
]
 

F 
O
H
 

3
2

 
H

-G
lu

-P
ro

- 
S

e
r-

L
y

s-
A

sp
- 

A
la

- 
P

h
e-

 I
le

-G
ly

 

F 
O

H
 

3
3

 
H

-G
lu

-P
ro

-S
e

r-
L

y
s-

A
sp

-A
la

-P
h

e
-I

le
 

I-
O

H
 

A
sp

-A
la

-P
h

e
- 

Il
e-

G
ly

-L
eu

-N
va

-H
~

N
 

<
 

1 
--

 3
2

 ° 

t-
O

H
 

A
sp

-A
la

-P
h

e
-I

le
-G

ly
-L

e
u

-N
le

-N
H

a
 

~ 
3 

--
 3

4
 ° 

A
la

-P
h

e
-I

le
-G

ly
-L

e
u

-M
e

t-
N

H
 2

 
~

. 
5 

--
 2

0
 ° 

A
la

-P
h

e-
Il

e-
G

ly
-L

eu
-M

et
-M

et
-N

H
~

 
<

~
1 

--
3

9
 °

 

A
la

- 
P

h
e

-I
le

-G
ly

-L
e

u
-L

e
u

-N
H

 2
 

-~
 1

 
--

 3
7

 ° 

A
la

-P
h

e
.l

le
-G

ly
-L

e
u

-V
a

l.
N

H
 2

 
<

: 
1 

--
2

5
 ° 

A
la

-P
h

e
.I

le
.G

ly
-L

e
u

-D
-V

a
l-

N
H

 2 
.~

 1
 

--
 1

8 
° 

A
la

-P
h

e-
Il

e-
G

ly
-M

et
-M

et
-N

 H
~

 
~ 

1 
--

 2
0

 ° 

A
la

-P
h

e
-P

ro
-G

ly
-I

le
-M

e
t-

N
H

 2 
<

~ 
1 

--
4

5
 °

 

A
la

- 
P

h
e-

P
ro

-G
ly

-L
eu

-M
et

-N
 H

~
 

<
=

 1
 

--
 4

4
 ° 

A
la

.G
ly

-I
le

-G
ly

-L
e

u
-M

e
t.

N
H

 z 
<

~ 
1 

--
 1

4 
° 

P
h

e
-I

le
-G

ly
-L

e
u

-3
Ie

t-
N

H
 z 

~ 
2 

-
-
 1

4 
° 

Il
e

-G
ly

-L
e

u
-M

e
t-

N
H

u
 

<
~ 

1 
--

4
4

 °
 

Il
e

-G
ly

-L
e

u
-M

e
t-

N
H

 2
 

<
=

 1
 

-
-
 3

5
 ° 

O
H

 
<

~
 1

 
--

 6
6

 ° 

O
H

 
<

:l
 

--
6

1
 °

 

'~
 2

6
0

 ° 
d

ec
. 

0
.6

0
 

T
ry

 

2
6

0
 ° 

d
ec

. 
0

.5
7

 
T

ry
 

2
2

5
 ° 

d
ec

. 
0

.5
8

 
T

ry
 

3
0

0
 ° 

d
ee

. 
0

.5
8

 
T

ry
 

2
3

0
 ° 

d
ec

. 
0

.5
4

 
T

ry
 

'~
 3

1
0

 ° 
d

ec
. 

0
.6

2
 

T
ry

 

,~
 2

9
0

 ° 
d

ec
. 

0
,6

3
 

T
ry

 

"~
 3

0
0

 ° 
d

ec
. 

0
.6

1
 

T
ry

 

1
6

6
 °

d
c

c
. 

0
.5

8
 

T
ry

 

1
5

8
 ° 

d
ec

. 
0

.5
8

 
T

ry
 

19
9 

~ 
d

ec
. 

0
,6

3
 

T
ry

 

1
7

0
 ° 

d
ec

. 
0

.6
4

 
T

ry
 

'~
 1

50
 ° 

d
ec

. 
1

.0
0

 
T

ry
 

""
 1

60
 ° 

d
ec

. 
1

.0
3

 
T

ry
 

~
" 

1
9

6
 ° 

d
ec

. 
0

.4
5

 
T

ry
 

"~
 1

40
 °

d
c

c
. 

0
.4

7
 

T
ry

 

C
as

H
ss

O
g

N
s 

+
C

F
a

C
O

O
H

 

C
36

H
ss

O
~

N
s 

+
C

F
a

C
O

O
H

 

C
sl

H
st

O
6

N
T

S
 

C
s6

H
e0

O
T

N
s 

S
~ 

+
 H

C
I+

 H
2

0
 

C
 

5
2

.5
 

6
.8

 
- 

I:
 

5
2

.0
 

7.
1 

- 

C
 

5
2

.9
 

6
.9

 
- 

F 
5

3
,2

 
7

.3
 

- 

C
 

5
7

.3
 

7
.9

 
- 

F 
5

7
.0

 
8.

1 
- 

C
 

5
1

,7
 

7
.6

 
- 

F 
5

1
.7

 
7

.8
 

- 

C
se

H
sa

N
T

O
 ~

 
C

 
5

2
,6

 
7

.6
 

- 
+

 H
B

r+
 

H
2

0
 

F 
5

2
.2

 
7

.9
 

- 

C
3

1
H

sl
O

6
N

 7 
C

 
5

5
,4

 
8

.1
 

- 
+

 t
tC

I+
 H

2
0

 
F 

5
5

.4
 

8
.2

 
- 

C
3

x
H

st
O

6
N

v
 

+
H

C
I+

2
H

2
0

 
C

 
5

3
.9

 
8

.2
 

- 
F 

5
3

.8
 

8
.3

 
- 

C
zo

H
a�

O
6N

T
S 

z 
C

 
4

9
.9

 
7

,3
 

- 

+
H

C
I

+
H

2
0

 
F 

5
0

.0
 

7
.4

 
- 

C
~o

H
aT

O
aN

T
S 

C
 

5
3

.8
 

7
.2

 
- 

+
H

C
I 

F 
5

3
.5

 
7

.6
 

- 

C
s~

H
aT

O
aN

T
S

 
C

 
5

3
.8

 
7

.2
 

- 
+

 H
C

1
 

F 
5

4
.0

 
7

.5
 

- 

C
~4

H
4~

O
6N

T
S

 

+
C

F
a

C
O

O
H

 
C

 
4

6
.3

 
6

.9
 

- 
F 

4
6

,1
 

7
.2

 
- 

C
~s

H
46

O
sN

6S
 

+
C

H
a

C
O

O
H

 
C

 
5

6
.5

 
7

,9
 

- 
17

 
5

5
.6

 
7

.5
 

- 

C
, z

H
6

IO
sN

aS
 

+
2

C
F

a
C

O
O

H
 

C
 

4
5

.2
 

6
.5

 
- 

I;
 

4
3

.9
 

6
.5

 
- 

C
~

sH
~

O
T

N
sS

 
+

2
C

F
sC

O
O

H
 

C
 

43
.9

 
6.

5 
- 

F 
4

2
.7

 
6

.2
 

- 

C
,3

H
~

aO
1a

N
to

 
+

C
F

a
C

O
O

H
 

C
 

5
0

.2
 

6
.3

 
- 

F 
5

0
.0

 
6

.8
 

- 

C
aa

H
n

x
0

n
N

~
 

+
C

F
a

C
O

O
H

 
C

 
5

1
,5

 
6

.2
 

- 
F 

5
1

.2
 

6
.0

 
- 

1
3

.2
 

1
3

.5
 

1
3

,0
 

- 
1

3
.6

 
- 

15
.1

 
1

4
.8

 

1
3

.4
 

7
.7

 
1

3
.2

 
7

.6
 

1
3

.4
 

- 
13

.1
 

- 

1
4

.6
 

- 
1

4
.9

 
- 

1
4

.2
 

- 
1

3
.8

 

1
3

.6
 

- 
1

3
,8

 

1
4

.6
 

- 
1

4
.4

 
- 

1
4

.6
 

1
4

.3
 

1
4

.6
 

- 
14

.1
 

- 

1
3

.0
 

- 

1
2

.9
 

- 

- 
3

.3
 

- 
3.

3 

- 
3.

7 

- 
4

.0
 

1
3

.0
 

- 
1

3
.2

 
- 

12
.5

 
1

2
.6

 
- 

7.
 

-%
 

8 .=
 t 7,
 

l 
i 

H 
A

b
b

re
vi

a
ti

o
n

s:
 

-G
lu

- 
=

 
-p

y
ro

g
/u

ta
m

y
l-

, 
-B

u
t-

 =
 

<
~

-a
m

in
o

-b
u

ty
ry

l-
, 

-N
va

- 
=

 
-n

o
rv

a
ly

l-
, 

-N
le

 
=

 
-n

o
rl

eu
ey

l-
. 

4~
 

~a
 



342 Br~ves communications - Kurze Mitteilungen EXPERIENTIA XlX/7 

sequences ,  wh ich  h a v e  b e e n  found  to  be  devo id  or a l m o s t  
devo id  of biological  ac t iv i ty .  I n  a d d i t i o n  to  t h e  phys i ca l  
p roper t i e s  a n d  e l e m e n t a l  ana lyses  of these  pept ides ,  t h e  
Tab le  also ind ica tes  t h e  level  of a c t i v i t y  on  t he  gu inea -p ig  
i l eum c o m p a r e d  w i t h  t h a t  of F.ledoisin i tself  t a k e n  as 100. 
The  m e t h o d s  used  for  t h e  syn thes i s  of t he se  pep t ides  will 
be  descr ibed  e lsewhere  in  de ta i l  a. 

Zusammen/assung.  Die E i g e n s c h a f t e n  e iner  e r s t en  Serie 
y o n  s y n t h e t i s c h e n  P e p t i d e n ,  die m i t  E ledo i s in  s t r u k t u r e l l  
v e r w a n d t  sind,  w u r d e n  beschr ieben .  

B. CAMERINO*, G. D~  CARO*, t~. A. BOISSONNAS**, 
ED. SANDRIN**, a n d  E.  ST/dRMER** 

a In Gazzetta chimica italiana by L. BERNARDI, G. BoSISlO, F. 
CHILLEMI, R. DE CASTIGLIONE, and O. GOFFREDO, and in Hel- 
vetica chimica Acta by ED. SANDRIN and R. A. BoIssoN~AS. 

Laboratori Ricerche, Farmitalia,  Mi lano (Italy)*, and Phar- 
rnazeutische Forschungslaboratorien, Sandoz AG., Basel 
(Switzerland)**, M a y  13, 1963. 

Synthesis of N-Acetylneuraminic Acid 

N - a c e t y l n e u r a m i n i c  acid (NANA) occurs  in  a wide  
v a r i e t y  of biological  mate r ia l s ,  e.g. muc ins ,  co los t rum,  
e ry th rocy t e s ,  gangl iosides ,  gonado t rop in s ,  enzymes ,  bac-  
t e r i a l  cell walls,  etc.  x. I t s  b iochemica l  role, as ye t  l a rge ly  
u n k n o w n ,  is l ike ly  to  be  assoc ia ted  w i t h  t h e  e lect r ica l  
cha rge  i m p a r t e d  to  t h e  s t r u c t u r e  to  w h i c h  i t  is b o u n d .  The  
eve r  inc reas ing  i n t e r e s t  in  t h i s  u b i q u i t o u s  s u b s t a n c e  
p r o m p t e d  us to  e v a l u a t e  t h e  ava i l ab l e  s y n t h e t i c  m e t h o d s  
for  la rge  scale  p r e p a r a t i o n .  T h e  syn thes i s  of N A N A  f rom 
N-ace ty l -D-g lucosamine  a n d  oxa loace t i c  acid a t  p H  11 in 
1 - 2 %  yie ld  h a s  b e e n  r eco rded  b y  CORI~rORTH e t  al.2, a. 
Af t e r  t he  f i nd ing  a-s t h a t  N A N A  is s t r u c t u r a l l y  r e l a t ed  to  
N - a c e t y l - D - m a n n o s a m i n e  a n d  n o t  to  N-ace ty l - I ) -g lucosa-  
mine ,  BRUG e t  al. ~ a n d  l a t e r  CARROLL a n d  CORNFORTH8 
s o u g h t  to  i m p r o v e  th i s  syn thes i s  b y  e m p l o y i n g  N-ace ty l -  
I ) - m a n n o s a m i n e  in  t h e  c o n d e n s a t i o n  reac t ion .  T h e  l a t t e r  
a u t h o r s  t h u s  c la imed  a n  8 - 1 0 %  yield  of N A N A .  Since N- 
a c e t y l - D - m a n n o s a m i n e  epimer izes  r a p i d l y  in a lka l ine  me-  
d i u m  to  a n  equ i l i b r i um  w i t h  N-ace ty l -D-g lucosamine  t he  
p o t e n t i a l  y ie ld  of N A N A  in t h e  a b o v e  c o n d e n s a t i o n  ob-  
v ious ly  depends  on  t h e  r e l a t ive  r a t e s  of t h e  t w o  r eac t ions  : 
(a) ep imer i za t i on  of N - a c e t y l - I ) - m a n n o s a m i n e  a n d  (b) 
c o n d e n s a t i o n  w i t h  oxa loace t ic  acid. W e  h a v e  fol lowed t he  
r a t e  of t h e  l a t t e r  r e ac t i on  s p e c t r o p h o t o m e t r i c a l l y  a t  565 
mr* 9 b y  t he  d e v e l o p m e n t  of E h r l i c h - p o s i t i v e  I r ia ter ia lL 
Our  r eac t i on  cond i t ions  were  s o m e w h a t  d i f f e ren t  f rom 
those  r e p o r t e d  b y  CARROLL a n d  CORNFORTH 8. 

To 10 m l  of w a t e r  were  a d d e d  a l t e r n a t e l y  in  sma l l  por-  
t ions  5.4 g of oxa loace t i c  acid a n d  1 0 N  s o d i u m  h y d r o x i d e  
in  such  a m a n n e r  as to  keep t he  p H  b e t w e e n  5 a n d  10. T h e  
t e m p e r a t u r e  was m a i n t a i n e d  a t  10-12°C b y  e x t e r n a l  cool- 
ing. W h e n  all  oxa loace t i c  acid h a d  b e e n  a d d e d  10 g of N- 
a c e t y l - D - m a n n o s a m i n e  was  a d d e d  to  t h e  mix tu re ,  t h e  p H  
a d j u s t e d  to  11 a n d  t h e  t e m p e r a t u r e  ra ised  to  25°C, t he  
r eac t ion  m i x t u r e  was  s t i r r ed  u n t i l  all  N - a c e t y l - D - m a n n o -  
s amine  h a d  dissolved a n d  t h e  p H  was  a d j u s t e d  to  11 fre- 
q u e n t l y  b y  t h e  a d d i t i o n  of sma l l  a m o u n t s  of s o d i u m  hy-  
droxide.  S p e c t r o p h o t o m e t r i c  d e t e r m i n a t i o n  of Eh r l i ch -  
pos i t ive  m a t e r i a l  in  samples  w i t h d r a w n  a t  15 ra in  in te r -  
va l s  i nd ica t ed  t h a t  t he  c o n d e n s a t i o n  was  essen t ia l ly  com- 
p le te  in  a p p r o x i m a t e l y  1 h.  Af te r  d i l u t i on  w i t h  w a t e r  t h e  
r eac t i on  m i x t u r e  was appl ied  d i r ec t ly  to  45 ml  of Dowex-2  
(ace ta te )  in  a 1.8 c m  dis .  co lumn.  T h e  c o l u m n  was  w a s h e d  
t h o r o u g h l y  w i t h  w a t e r  u n t i l  t h e  e f f luen t  gave  a n e g a t i v e  
d i rec t  a n d  i n d i r e c t  E h r l i c h  t e s t  1. T h e  p r o d u c t s  were  t h e n  
e lu t ed  w i t h  a g r a d i e n t  of p H  6.0 a m m o n i u m  a c e t a t e  
buf fe r  (0 .1 -1 .5M) .  T h e  e lua te  f rac t ions  were  t e s t e d  w i t h  
E h r l i c h ' s  r eagen t .  Two d i s t i nc t  peaks  were  o b t a i n e d  as 

i nd i ca t ed  in  t he  e lu t ion  d i a g r a m  (A, Figure) .  T h e  poo led  
f rac t ions  u n d e r  each  p e a k  were passed  t h r o u g h  s e p a r a t s  
Dowex  50 (H-form) co lumns .  The  i n d i v i d u a l  e f f iuen te  
were e v a p o r a t e d  to  a sma l l  v o l u m e  u n d e r  r educed  pressure  
a n d  t h e n  lyophi l ized  to  give hygroscop ic  powders .  P a p e r  
c h r o m a t o g r a m s  (Schle icher  & Schuel l  # 589) of t i le f i rs t  
f r a c t i o n  deve loped  in  a n  n - b u t a n o l - p y r i d i n e - w a t e r  s y s t e m  
(6 :4 :  3) b y  t h e  descend ing  t e c h n i q u e  a n d  s p r a y e d  w i t h  
orc inol  r e a g e n t  i n d i c a t e d  t h e  p resence  of N A N A - i s o m e r  
w i t h  g lucosamine  con f igu ra t ion  (RNANA: 1.5) a long  w i t h  
a s l igh t ly  smal l e r  a m o u n t  of N A N A  (RNANA:I.0). T h e  
second  p e a k  cons i s ted  of a m a i n  c o m p o n e n t  w i t h  a n  R 
va lue  iden t i ca l  w i t h  t h a t  of N A N A ,  a n d  a t r ace  of a n o t h e r  
w i t h  t h e  R v a l u e  of N A N A  isomer.  However ,  all  a t t e m p t s  
to  crys ta l l ize  t h i s  m a t e r i a l  failed. The  i o n - e x c h a n g e  sepa-  
r a t i o n  was f u r t h e r  ref ined b y  s tepwise  e lu t ion  w i t h  0.2 a n d  
0 . 6 5 M  p H  6.0 a m m o n i u m  a c e t a t e  bu f f e r  (A, F igure) .  
None the l e s s  a l m o s t  equa l  a m o u n t s  of t h e  two  N A N A  iso- 
mers  were st i l l  f ound  to  be  p r e s e n t  in  t h e  f i rs t  peak ,  a n d  
the  m a t e r i a l  f rom the  second p e a k  sti l l  c o n t a i n e d  t h e  two  
c o m p o n e n t s  n o t e d  above .  These  c o n t r a d i c t o r y  obse rva -  
t i o n s  c an  b e  reconci led  b y  t h e  a s s u m p t i o n  t h a t  t h e  
m a t e r i a l  e lu ted  in  t he  second p e a k  was n o t  N A N A ,  b u t  a 
m i x t u r e  of t h e  i n t e r m e d i a t e  d i ca rboxy l i c  acids (I) I o r m e d  
in t he  i n i t i a l  s t ep  of t h e  c o n d e n s a t i o n  of oxa loace t ic  acid 
a n d  N - a c e t y l - D - m a n n o s a m i n e .  

Th i s  p r e s u m e d  m i x t u r e  of i somers  would  t h e n  h a v e  to  
possess R va lues  on  p a p e r  c h r o m a t o g r a m s  iden t i ca l  w i t h  
t h a t  of N A N A  in order  to  con fo rm to  t h e  o b s e r v e d  resul ts .  
The  presence  of a t r ace  of N A N A - i s o m e r  s h o w n  on  p a p e r  
c h r o m a t o g r a m s  could r ead i ly  be  exp l a ined  b y  the  occur-  
rence  of some d e c a r b o x y l a t i o n  in  t he  w o r k - u p  of t h i s  mix-  
ture .  The  two  m o n o c a r b o x y l i c  acids,  N A N A  a n d  i ts  i somer  
w i t h  g lucosamine  con f igu ra t i on  (II)  would  acco rd ing ly  be  
expec t ed  to  emerge  in t he  f i rs t  peak ,  a f e a tu r e  w h i c h  is 
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