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Ubergang der Bis-hydrazino-verbindung (1I) zum Ama-
doriprodukt nicht erfolgt, diirfte auf die Bildung einer
stabilen Wasserstoffbriicke zwischen N- und H-Atomen
der beiden Phenylhydrazinreste zuriickzufiithren sein.
Statt dessen bildet sich in schneller Reaktion neben 4, 6-
Benzal-p-glucose-phenylhydrazon (III) durch teilweisen
Zerfall von Phenylhydrazin3-7 (in Anilin, Ammoniak,
Benzol und Stickstoff) 1-Phenylamino-4,6-benzal-D-glu-
cosid (IV), das mit III eine Molekiilverbindung (V) bildet.
Die Struktur von V wurde durch die Darstellung aus den
Komponenten (IIT und IV) bewiesen. Nach Acetylierung
von V kann das N-p-Glucosid (IV) als 1-[Acetyl-phenyl-
amino] - 2, 3-diacetyl-4, 6-benzal-D-glucosid abgetrennt
werden. 4,6-Benzal-p-glucose (I) und Anilin oder das
N-p-Glucosid (IV) gehen unter geeigneten Bedingungen
(Ht+-Ionen-Katalyse) ausserordentlich schnell in 1-Desoxy-
1-phenylamino-4, 6-benzal-p-fructose (VI) 8 iiber. Die Um-
lagerung, die offenbar iiber das 1,1-Bis-phenylamino-
derivat verliuft?, wird bei VI durch Zugabe geringer
Mengen von Anilin sehr stark beschleunigt. Die 1, 1-Bis-
arylamino-derivate der 4, 6-Benzal-p-glucose konnten bis-
her nicht in reiner Form gewonnen werden. Sie sind stets
mit N-D-Glucosid und schnell sich bildendem Amadori-
produkt verunreinigt. Die Amadoriverbindung (VI) rea-
giert mit Phenylhydrazin schnell und fast quantitativ zu
1-Desoxy-1-phenylamino-4, 6-benzal-D-fructose-phenyl-
hydrazon (V1I), das unter sehr milden Bedingungen mit
2 Moll. Phenylhydrazin-hydrochlorid in hoher Ausbeute
das Phenylosazon (VIII) liefert.

Es ist nicht erforderlich, dass zur Bildung des N-bp-
Glucosids (IV) noch freie Glucose in der Reaktionslosung
vorliegt. Das Phenylhydrazon (III) tauscht den Phenyl-
hydrazinrest sehr leicht gegen Amin aus.

Synthetic Peptides Related to Eledoisin
(Part 1)

After the structure of Eledoisin, a powerful vasodilating
and hypertensive peptide isolated from the salivary
glands of a mollusc?, had been elucidated?! and confirmed
by synthesis?, we have prepared a large number of ana-
logues of this substance in order to investigate the influ-

Die Osazonreaktion verliuft demnach iiber die Ama-
doriumlagerung einer 1-Desoxy-l1-phenylamino-verbin-
dung (VI), die sich primir aus dem Phenylhydrazon mit
Anilin durch Umaminierung bildet. Letzteres verdankt
scine Entstehung dem disproportionierenden Zerfall von
iiberschiissigem Phenylhydrazin®-?. Die Dehydrierung
des Phenylhydrazons (VII) verlduft wahrscheinlich iiber
die stark reduzierende En-diamin-form?® (VIIa). Hierauf
wurde bereits in einer fritheren Mitteilung hingewiesen.
Wasserstoffakzeptor ist vermutlich weiteres Phenyl-
hydrazin.

Summary. For the osazone reaction of the reducing
sugars, the following mechanism is suggested : the initially
formed phenylhydrazone is converted with aniline into
the N-glycoside. Aniline arises from disproportional de-
composition of phenylhydrazine. The N-glycoside under-
goes an Amadori-rearrangement to 1-deoxy-1-amino-2-ke-
tose derivative. From this is formed the phenylhydrazone.
The latter is converted by dehydrogenation and trans-
amination into the phenylosazone.

F. MicHEEL und I. DijoNG

Ovganisch-Chemisches Institut dev Universitit Mimmster
(Westfalen, Deutschland), 22. Mdrz 1963.

5
[]
7

R. WALTHER, J. prakt. Chem. 761, 441 (1896).

J. KeEnneErund E. C. Kn16HT, Ber. dtsch. chem. Ges. 69, 341 (1936),
B. GLasmMaNN und RocHWARGER-WALBE, Ber. dtsch. chem. Ges,
61, 1444 (1928},

F. WEYGaND, H. Simon und R. v. ARDENNE, Chem. Ber. 92, 3117
(1959).

F. MicHeeL, G. Bope und R. S1eBERT, Ber. dtsch. chem. Ges. 70,
1862 (1937).

ence of structural modifications on its biological proper-
ties. Those few analogues or partial sequences which have
been found to possess high biological activity will be the
subject of a later report. In the present communication,
we are listing in a Table those analogues and partial

1 V. ErsPaMER and A. ANasTasl, Exper. 18, 58 (1962).
2 Ep. Sanpriv and R. A. Borssonnas, Exper, 18, 59 (1962).
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sequences, which have been found to be devoid or almost
devoid of biological activity. In addition to the physical
properties and elemental analyses of these peptides, the
Table also indicates the level of activity on the guinea-pig
ileum compared with that of Eledoisin itself taken as 100.
The methods used for the synthesis of these peptides will
be described elsewhere in detail?,

3 In Gazzetta chimica italiana by L. Bernarpi, G. Bosisio, F.
CuiLLemi, R. De CasticLiong, and O. GorrFrepo, and in Hel-
vetica chimica Acta by Ep. SAxprIN and R. A. BoissonNas.

Synthesis of N-Acetylneuraminic Acid

N-acetylneuraminic acid (NANA) occurs in a wide
variety of biological materials, e.g. mucins, colostrum,
erythrocytes, gangliosides, gonadotropins, enzymes, bac-
terial cell walls, etc.t. Its biochemical role, as yet largely
unknown, is likely to be associated with the electrical
charge imparted to the structure to which it is bound. The
ever increasing interest in this ubiquitous substance
prompted us to evaluate the available synthetic methods
for large scale preparation. The synthesis of NANA from
N-acetyl-pD-glucosamine and oxaloacetic acid at pH 11 in
1-29, yield has been recorded by CORNFORTH et al.?s3.
After the finding*-® that NANA is structurally related to
N-acetyl-D-mannosamine and not to N-acetyl-p-glucosa-
mine, BRUG et al.” and later CARROLL and CORNFORTH?®
sought to improve this synthesis by employing N-acetyl-
D-mannosamine in the condensation reaction. The latter
authors thus claimed an 8-109, yield of NANA. Since N-
acetyl-D-mannosamine epimerizes rapidly in alkaline me-
dium to an equilibrium with N-acetyl-p-glucosamine the
potential yield of NANA in the above condensation ob-
viously depends on the relative rates of the two reactions:
(a) epimerization of N-acetyl-pD-mannosamine and (b)
condensation with oxaloacetic acid. We have followed the
rate of the latter reaction spectrophotometrically at 565
mp® by the development of Ehrlich-positive materiall,
Our reaction conditions were somewhat different from
those reported by CARrROLL and CORNFORTHS.

To 10 ml of water were added alternately in small por-
tions 5.4 g of oxaloacetic acid and 10N sodium hydroxide
in such a manner as to keep the pH between 5 and 10. The
temperature was maintained at 10-12°C by external cool-
ing. When all oxaloacetic acid had been added 10 g of N-
acetyl-D-mannosamine was added to the mixture, the pH
adjusted to 11 and the temperature raised to 25°C, the
reaction mixture was stirred until all N-acetyl-D-manno-
samine had dissolved and the pH was adjusted to 11 fre-
quently by the addition of small amounts of sodium hy-
droxide. Spectrophotometric determination of Ehrlich-
positive material in samples withdrawn at 15 min inter-
vals indicated that the condensation was essentially com-
plete in approximately 1 h. After dilution with water the
reaction mixture was applied directly to 45 ml of Dowex-2
(acetate) in a 1.8 cm dia. column. The column was washed
thoroughly with water until the effluent gave a negative
direct and indirect Ehrlich test!. The products were then
eluted with a gradient of pH 6.0 ammonium acetate
buffer (0.1-1.5M). The eluate fractions were tested with
Ehrlich’s reagent. Two distinct peaks were obtained as
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ExPERIENTIA XIX|[7

Zusammenfassung. Die Eigenschaften einer ersten Serie
von synthetischen Peptiden, die mit Eledoisin strukturell
verwandt sind, wurden beschrieben.

B. CaMERINO*, G. DE Caro*, R. A. BOISSONNAS**,
Ep. SANDRIN**, and E. STURMER**

Laboratori Ricerche, Farmitalia, Milano (Italy)*, and Phar-
mazeutische Fovschungslaboratorien, Sandoz AG., Basel
(Switzerland)**, May 13, 71963.

indicated in the elution diagram (A, Figure). The pooled
fractions under each peak were passed through separats
Dowex 50 (H-form) columns. The individual effluente
were evaporated to a small volume under reduced pressure
and then lyophilized to give hygroscopic powders. Paper
chromatograms (Schleicher & Schuell # 589) of the first
fraction developed in an n-butanol-pyridine-water system
(6:4:3) by the descending technique and sprayed with
orcinol reagent indicated the presence of NANA-isomer
with glucosamine configuration (Enana:1.5) along with
a slightly smaller amount of NANA (Rnana:1.0). The
second peak consisted of a main component with an R
value identical with that of NANA, and a trace of another
with the R value of NANA isomer. However, all attempts
to crystallize this material failed. The ion-exchange sepa-
ration was further refined by stepwise elution with 0.2 and
0.65M pH 6.0 ammonium acetate buffer (A, Figure).
Nonetheless almost equal amounts of the two NANA iso-
mers were still found to be present in the first peak, and
the material from the second peak still contained the two
components noted above. These contradictory observa-
tions can be reconciled by the assumption that the
material eluted in the second peak was not NANA, but a
mixture of the intermediate dicarboxylic acids (I) formed
in the initial step of the condensation of oxaloacetic acid
and N-acetyl-D-mannosamine.

This presumed mixture of isomers would then have to
possess R values on paper chromatograms identical with
that of NANA in order to conform to the observed results.
The presence of a trace of NANA-isomer shown on paper
chromatograms could readily be explained by the occur-
rence of some decarboxylation in the work-up of this mix-
ture. The two monocarboxylic acids, NANA and its isomer
with glucosamine configuration (II) would accordingly be
expected to emerge in the first peak, a feature which is

1 A. GortscHALK, The Chemustry and Biology of Stalic Acids and
Related Substances (University Press, Cambridge 1960).
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5 S, RosEmaN and D. G. ComB, J. Amer. chem. Soc. 80, 3166 (1958).
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7 J. Bruc and G. B. PAERELS, Nature 182, 1159 (1958).
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