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REAKTIONEN ENOLISCHER ZUCKERDERIVATE

TEIL 1. HYDROBORIERUNG ENOLISCHER ZUCKERDERIVATE, EIN WEG ZUR DARSTELLUNG
SCHWER ZUGANGLICHER HEXOSEN UND ZUR SPEZIFISCHEN MARKIERUNG MIT TRITIUM*

JOCHEN LEHMANN .
Chemisches Laboratorium der Universitit, Freiburg i.B. (Deutschland)
(Eingegangen den 25. Oktober, 1965)

EINFUHRUNG

In zahlreichen Arbeiten wurde von H. C. Brown ef al.l die Anlagerung von
Diboran an Olefine beschrieben, die unter der Bezeichnung Hydroborierung vielfache
Anwendung in der priparativen organischen Chemie gefunden hat. Die cis-Addition
von Boran, die, nach Verseifung, zur Bildung von Alkoholen fiihrt, verlduft mit
wenigen Ausnahmen anti-Markownikoff. Erst vor etwa zwei Jahren konnten
Wolfrom er al.2 die Brauchbarkeit der Methode fiir die Kohlenhydratchemie
zeigen, indem sie §,6-Didesoxy-1,2-0-isopropyliden-a-D-xylo-hexofuranose-5-en tiber
eine Hydroborierung der nicht enolischen Doppelbindung zu 5-Desoxy-1,2-0-
isopropyliden-«-D-xylo-hexofuranose umsetzten. Ein anderes Beispiel fiir die Hydro-
borierung eines ungesittigten Zuckers wurde inzwischen auch von Arzoumanian
et al.3 verdffentlicht. Im Folgenden soll an einigen Beispielen die Reaktion von
Diboran mit enolischen Zuckerderivaten beschrieben werden. Je nach Lage der
Doppelbindung entstehen dabei die entsprechenden Hexose-Isomeren. Damit wird
ein neues Verfahren beschrieben, um Epimerisierungen an asymmetrischen C-Atomen
von Zuckern vorzunehmen. Bei Verwendung von Diboran-3H eignet sich die Methode
zur Darstellung von Zuckern, die spezifisch mit Tritium markiert sind.

DISKUSSION

Im Gegensatz zu stereospezifisch verlaufenden radikalischen Additionen
die nur zueinem Reaktionsprodukt fithren4, erfolgt die Hydroborierungeinesenolischen
Zuckers, wenn es extreme sterische Verhiltnisse nicht ausschlieBen, unter Bildung
von mindestens zwei Isomeren. Dieses meist unerwiinschte Reaktionsergebnis hat
im Falle der Hydroborierung von enolischen Zuckerderivaten Vorteile, lassen sich
doch aus leicht zuginglichen seltener vorkommende Zucker darstellen. Es gelang,
durch Hydroborierung einer endstindigen enolischen Doppelbindung aus Derivaten
der p-Glucose solche der L-Idose und aus pD-Mannose-Derivaten L-Guiose-Derivate
herzustellen. Die Hydroborierung von Galaktosid-s-en, die neben D-Galaktose

*Vorliaufige Mitteilung: J. L’EHMANN; Angew. Chem., 77 (1965) 863.
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2 J. LEHMANN

auch L-Altrose ergeben sollte, wurde nicht durchgefiihrt, diirfte aber analog verlaufen.
Das Mengenverhiltnis der entstehenden Isomeren richtet sich offenbar nach den
sterischen Verhiltnissen in der Muttersubstanz und kann durch den. EinfluB
geeigneter Substituenten mehr in die eine oder andere Richtung gelenkt werden
(Tabelle I). Neben dieser praparativ interessanten Anwendung eignet sich die
Hydroborierung enolischer Zuckerderivate zur spezifischen Markierung von Zuckern
mit Tritium oder Deuterium. Zucker mit wohldefinierter radioaktiver Markierung

sind fiir die Awufklirung von Mechanismen chemischer oder biochemischer
H,C
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TABELLE 1
BILDUNG VON HEXOSE-DERIVATEN DURCH HYDROBORIERUNG VON ENOLISCHEN ZUCKERDERIVATEN
Enol Additionsprodukte nach Mengenverhdltnis der
Aufarbeitung® Reaktionsprodukte®
Methyl-6-desoxy-glucopyranosid- Methyl-c--D-glucopyranosid 1:2.5
5-en (I) Methyl-§-L-idopyranosid
Methyl-2,3,4-tri- O-methyl-6-desoxy- Methyl-2,3,4-tri-O- 1:2
a-glucopyranosid-5-en (1a) methyl-e-D-glucopyranosid
Methyl-2,3,4-tri-O-methyl-f-L-ido-
pyranosid
Methyl-2,3,4-tris-O-trimethylsilyl- Methyl-a-p-glucopyranosid 1:0.6
6-desoxy-o-glucopyranosid- Methyl-f-L-idopyranosid
s-en (Ib)
Methyl-2,3-O-isopropyliden- Methyl-«-D-mannopyranosid 1:2

6-desoxy-a-mannopyranosid-s-en
an

Methyl-g-L-gulopyranosid

1,2:5,6-Di-O-isopropyliden-3-
desoxy-b-glucose-3-en (A1)

Dp-Galaktose

2Bei diesen Verbindungen handelt es sich um Anti-Markownikoff-Additionsprodukte. Markowni-
koff-Additionsprodukte wurden in keinem Fall beobachtet.
"Die Mengenverhiltnisse wurden durch quantitative Auswertung von Papierchromatogrammen
der tritierten Gemische mit Hilfe des fensterlosen Isotopenzihlgerites bestimmt. Das Verhiltnis
der Produkte aus Ia wurde aus Gaschromatogrammen ermitteit,
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REAKTIONEN ENOLISCHER ZUCKERDERIVATE 3

Umwandlungen (Epimerisierung, Synthese oder Abbau) der Kohlehydrate von
Bedeutung.

Markierungen mit Tritium oder Deuterium an sekundidren C-Atomen der
Zucker gelangen bisher nur durch Reduktion verhiltnismiBig schwer zuginglicher
Ketoderivate mit markierten komplexen Hydriden. Die ausschlieBliche Markierung
am C-Atom, welches zuvor die Ketogruppe trug, nach diesem Verfahren wurde
wenigstens in einem Falle in Zweifel gestellt. Bevill ez al5 fanden nidmlich, daBl bei
der Reduktion von Methyl-2,3,6-tri-O-methyl-4-keto--D-glucosid mit NaBH4-3H
Tritium nicht nur in 4-Stellung, sondern auch in 6-Stellung gefunden werden konnte
und zwar in dem bemerkenswerten Verhiltnis von 40% 3H in 6- und 60% in
4-Stellung.

Die Reaktion von enolischen Zuckerderivaten mit Diboran soll am Beispiel
von Derivaten des Methyl-6-desoxy-a-glucopyranosid-5-en (I)§, von 1,2:56-Di-
O-isopropyliden-3-desoxy-glucose-3-en (III}?7, und von Methyl-2,3-O-isopropyliden-
6-desoxy-a-mannopyranosid-s-en (II)? ausfithrlich beschrieben sverden.

Hydroborierungen werden im allgemeinen erreicht, indem man im Reak-

tionsgemisch Diboran aus Natriumborhydrid mit Hilfe einer Sdure freisetzt und mit
dem Olefin reagieren 148t. Fiir Hydroborierungen von sdureempfindlichen enolischen
Zuckern ist diese Methode jedoch kaum geeignet, da einerseits durch teilweise
Hydrolyse Verluste eintreten kdnnen und andererseits die Aufarbeitung in manchen
Fillen Schwierigkeiten bereitet. Das Diboran wurde deshalb separat durch Zutropfen
einer Natriumborhydridlésung in Diglym zu Bortrifluoridédtherat gebildet8 und mit
einem Inertgas in den Reaktionskolben iibergespiilt. Wie durch diinnschichtchromato-
graphische Analyse des Reaktionsgemisches festgestellt werden konnte, ist die
Umsetzung im allgemeinen nach 30 bis 40 Minuten beendet.
Auch unvollstindig substituierte Zuckerderivate mit enolischer Doppelbindung lassen
sich in Tetrahydrofuran hydroborieren, eignen sich jedoch weniger als Ausgangs-
material, well die freien Hydroxylgruppen mit Diboran unter Bildung von vernetzien
Borsdureestern reagieren. Deshalb miissen grossere Mengen Diboran verwendet
werden, was bei der Anwendung von Diboran-3H sehr kostspielig werden kann.
AuBerdem fallen die Ester teilweise aus und verhindern damit den glatten Ablauf
der Reaktion. Trotzdem wurde Methyl-6-desoxy-a-glucopyranosid-s-en (I) mit
Diboran umgesetzt. Nach Aufarbeitung konnten Methyl-a-D-glucosid und Methyl-
B-L-idosid papierchromatographisch im Verhaltnis 1:2,5 nachgewiesen werden.
Eine glattere Reaktion erfolgt bei Verwendung des Methyl-2,3,4-tri-O-methyl-
6-desoxy-x-glucopyranosid-5-en (Ia) als Ausgangsprodukt. Die Reaktionsprodukte
kodnnen in Form ihrer 6-Phenylazobenzoylester an einer Silicagelsdule mit Essigester
als Elutionsmittel voneinander getrennt und kristallin erhalten werden. Methyl-
2,3,4-tri- O-methyl-6-O-phenylazobenzoyl-«-D-glucopyranosid (IV) konnte mit Hilfe
der auf anderem Wege dargestellten gleichen Verbindung identifiziert werden.

Verseifung der 6-Phenylazobenzoylester und Abspaltung der Methylgruppen
mit Bortrichlorid in Methylenchlorid fiihrt nur im Fall des Glucosid-Derivates zum
freien Zucker. Das Idosid-Derivat zersetzt sich bei der Behandlung mit Bortrichlorid

Carbohydrate Res., 2 (1966) 1-13



4 J. LEHMANN

unter Schwarzfirbung. Noch besser eignet sich der Tris-(trimethylsilyl)-dther des
Methyl-6-desoxy-z-glucopyranosid-5-ens (Ib) als Ausgangsprodukt. Die Entfernung
der Trimethylsilyl-Schutzgruppen gelingt ohne Verluste mit verdiinnter Essigsaure
in Methanol. Methyl-x-D-glucosid kann nach Verseifung des Borangemisches und
Aufarbeitung direkt aus der Reaktionsmischung mit Aethanol kristallisiert werden.
Auf diese Weise gelingt die Trennung von Methyl-g-L-idosid, das in Aethanol leicht
16slick ist. Die weitere Reinigung des Methyl-g-1-idosids kann durch praparative
Papierchromatographie erfolgen. Nach Saurebehandlung geht es in L-Idosan iiber,
das als Triacetyl-Derivat identifiziert wurde. Es ist bemerkenswert, dafl bei der
Hydroborierung von Methyl-2,3,4-tri- O-methyl-6-desoxy-«-glucopyranosid-s-en (Ia)
das Mengenverhiiltnis der gebildeten D-Glucosid- zu r-Idosid-Derivaten wie 1:2 ist,
wihrend bei Verwendung von Methyl-2,3,4-tris-O-trimethylsilyl-6-desoxy-a-gluco-
pvranosid-s-en (Ib) das Verhaltnis auf 1:0,6 zugunsten des Glucosid-Derivates
verschoben wird (Tabelle I).

Wie schon erwihnt eignet sich die Hydroborierung enolischer Zuckerderivate
zur Tritium- bzw. Deuterium-Markierung von Zuckern, wenn markiertes Diboran
verwendet wird. Mit Diboran-3H entsteht aus Methyl-6-desoxy-e-glucopyranosid-
5-en (I) Methyl-e-D-glucosid-5-3H und Methyl-g-L-idosid-5-2H. Die-ausschlieBliche
Markierung in 5-Stellung wurde durch den Abbau der Glucose-5-8H nach einer
Methode von Simon et al.9 gesichert (Tabelle ).

TABELLE 11

ABBAU VON D-GLUCOSE-3H®

Gemessene Verbindung " dpm|mMol % 103 erfafte C-Atome
p-Glucose ’ 1150 123456
“p-Glucose ”-phenylosotriazol 1160 13456
4-Formyl-2-phenyl-1,2,3-triazol o I3
Formaldehyd o 3

2 Mol Amzisensiure 1130 45
“6-0-Benzoyl-D-glucose ’~-phenylosotriazol 1145 13456
Ameisensdure aus 26% 4

“6-0-Benzoyl-b-glucose ”-phenylosotriazol

2Spezifische Aktivitit wurde mit Hilfe eines Fliissigkeitsscintillationszdhlers ermittelt.

bAktivitdt ist auf eine geringe Verunreinigung von 6-0-Benzoyl-D-glucose-phenylosotriazol mit
p-Glucose-phenylosotriazol zuriickzufiihren, die durch Umkristallisieren nicht vollstindig entfernt
werden kann.

Ahnlich wie die Hydroborierung von Methyl-2,3,4-tri-O-methyl-6-desoxy-
a-glucopyranosid-s-en (Ia) verlduft die Reaktion von Methyl-2,3-O-isopropyliden-
6-desoxy-«-mannopyranosid-5-en (II) mit Diboran. Die Reaktion wurde mit
Diboran-3H durchgefithrt und ergibt nach Aufarbeitung und papierchromato-
graphischer Trennung Methyl-z-D-mannosid-5-3H und Methyl-g-L-gulosid-5-3H im
Verhiltnis 1:2. Ersteres wurde durch Cokristallisation mit Methyl-a-D-mannosid
identifiziert, letzteres nach saurer Hydrolyse als 2-Benzyl-2-phenyl-hydrazon durch
Cokristallisation mit authentischem L-Gulose-2-benzyl-2-phenyl-hydrazont®.
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REAKTIONEN ENOLISCHER ZUCKERDERIVATE 5

Nicht nur exocyclische, sondern auch endocyclische Doppelbindungen
enolischer Zuckerderivate kénnen, wie das Beispiel des 1,2:5,6-Di-O-isopropyliden-
3-desoxy-glucose-3-en (III) zeigte, in glatter Reaktion hydroboriert werden*. Eine
Probe vom Schmelzpunkt 51°, die nach den Literaturangaben! rein sein sollte,
ergibt nach Reaktion mit Diboran-3H und Aufarbeitung neben Galaktose als
Hauptkomponente zwei Nebenprodukte. Diese Nebenprodukte sind auf Verun-
reinigungen zuriickzufiihren, die im 1,2:5,6-Di-O-isopropyliden-3-desoxy-glucose-
3-en (III) vom Schmelzpunkt 51° vorhanden sind. Die Verunreinigungen konnen
durch analytische Gaschromatographie nachgewiesen werden, sie wurden jedoch
nicht eindeutig identifiziert. Wahrscheinlich handelt es sich um Anhydrozucker mit
mindestens einer Doppelbindung. Nach mehrmaliger Sublimation erhilt man das
Ausgangsprodukt (1II) mit einem Schmelzpunkt von 52.5-53.5°. Geringe Mengen der
Nebenprodukte lassen sich jedoch weder durch wiederholte Sublimation noch
Rekristallisation vollstindig entfernen. Die Nebenprodukte der Hydroborierung
verringern sich mit zunehmender Reinheit des Ausgangsproduktes (III). Es konnte
jedenfalls sichergestellt werden, daB3 es sich bei den Nebenprodukten der Hydro-
borierung nicht um die moglicherweise aus III entstandene D-Allose oder das
Markownikoff-Additionsprodukt handeln kann. Ersteres wurde durch Cokristalli-
sation des tritierten Reaktionsgemisches mit D-Allose ausgeschlossen, letzteres nach
Reduktion der Mischung mit Natriumborhydrid und Copapierchromatographie
mit 3-Desoxy-dulcit.

Aus den beschriebenen Untersuchungen geht hervor, daB die sterischen
Verhaltnisse in enolischen Zuckerderivaten einen starken EinfluB auf die Anlagerung
von Diboran ausiiben. Am Modell 148t sich dies veranschaulichen. Wiahrend das
freie oder mit Methylgruppen substituierte Methyl-6-desoxy-x-glucopyranosid-
5-en (D) cinen Angriff des Diborans bevorzugt an der verhdltnisméBig offenliegenden
Seite der Doppelbindung zuldBt, was zu einem r-Idosid-Derivat mit axialer
Hydroxymethyl-Gruppe fiithrt, schirmt die raumerfiillende Silyl-Gruppe in 4-Stellung,
da sie von den iibrigen Silyl-Substituenten aus ihrer Lage gedringt wird, die
»*Idosid-Lage* der Doppelbindung ab. Sie erlaubt dadurch einen relativ bevorzugten
Angriff des Diborans in der "Glucosid-Lage®, wobei eine dquatoriale Stellung der
Hydroxymethyl-Gruppe resultiert. Eine etwas langsamere Reaktionsgeschwindigkeit
der Silylglucosid-5-ene gegeniiber den methylsubstituierten Glucosid-5-enen deutet
auf eine allgemeine Behinderung der Additionsreaktion bei enolischen Zucker-
derivaten mit raumerfiillenden Substituenten hin. Extreme Verhiltnisse liegen bei
einem starren Molekill wie dem 1,2:5,6-Di-O-isopropyliden-3-desoxy-glucose-3-en
(III) vor. Hier ist die ’Allose-Lage* durch die Isopropyliden-Gruppe in 1,2-Stellung
vollstindig blockiert, wahrend die *’Galaktose-Lage* eine ungehinderte Anlagerung
des Diborans erlaubt. Additionsprodukte gemilB der Markownikoff-Regel konnten
in keinem der untersuchten Fille beobachtet werden.

*Mit Hilfe der gleichen Reaktion wurde von Dr. H. Paulsen 1,2:5,6-Di-O-isopropyliden-p-galakiose
als stark bevorzugtes Umsetzungsprodukt erhalten (persénl. Mittlg. vom 20.10.1965).
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EXPERIMENTELLER TEIL

Allgemeine Methoden

Papierchromatographie. Papierchromatogramme wurden absteigend auf
YWhatman Nr. 4-— Chromatographiepapier in »n-Butanol/Propionsdure/Wasser
(142:71:100, v/v/v) angefertigt. Den zu trennenden Gemischen wurden jeweils die
entsprechenden mit Tritium markierten Gemische zugesetzt und die Zonen bzw.
Flecke mit Hilfe eines fensterlosen Isotopenzihlgerites (Modell 380 der Packard
Instrument Company) lokalisiert. Bei unverdiinnten tritierten Gemischen wurden
die Substanzen durch Autoradiographie mit blauempfindlichen Réntgenfilmen
sichtbar gemacht. Es ist dabei zu beachten, daf3 tritiummarkierte Substanzen bei
etwa gleicher Zerfallsrate, in Desintegrationen pro Minute gemessen, eine etwa
zwanzigfache Belichtungszeit wie entsprechende 11C-markierte Verbindungen
benotigen. Elution der Flecken erfolgt in allen Fillen mit Wasser.

Gaschromatographie. Es wurde das Geriit Modell 1609 der F und M Scientific
Corporation mit Flammenionisationsdetektor verwendet. Als Trigermaterial wurde
mit Sdure gewaschenes und siliconiertes Gaschrom P (Applied Science Laboratories
Inc.) verwendet. Die fliissige Phase besteht aus SE 52 Silicongummi (F u. M Scientific
Corporation) in einer Menge von 39 des Trigermaterials.

Hydroxylgruppen enthaltende Reaktionsgemische werden vor der gaschromato-
graphischen Analyse trimethylsilyliert12.

Hydroborierungen. Diboran wird nach H. C. Brown? extern durch Zutropfen
einer, M NaBH,-L6sung in abs. Diglym zu Bortrifluoridétherat im Verhiltnis 1:2
Mol gebildet. Fiir die Hydroborierung von kleinen Mengen wurde die von
H.C. Brown angegebene Versuchsanordnung wie folgt modifiziert. Es handelt sich
im Prinzip um drei gleichsinnig hintereinandergeschaltete, nach unten spitz zulaufende
70 ml-Waschflaschen, deren Einleitungsrohre dicht iiber dem Boden enden und sich
nach unten verengen. Der Austrittsstutzen des Systems ist mit einem Quecksilberventil
verschlossen. Jede der drei, am Kolbenhals offenen Einheiten wird mit einer
Gummikappe abgedichtet, durch die L&sung eingespritzt werden kann.

Beim Arbeiten mit nicht markiertem Diboran werden nur zwei der drei
Einheiten benutzt, die erste Einheit bleibt leer. In der zweiten befindet sich das
Bortrifluoriddtherat und in der dritten eine 0.25 M Losung des Enols in abs. Tetra-
hydrofuran. Vor Beginn der Reaktion wiid die Luft in der Apparatur durch Reinst-
Stickstoff verdriangt. Dann wird mit Hilfe einer Injektionsspritze durch Durchstechen
der Gummikappe die NaBHs-Diglym-L&sung in das vorgelegte Bortrifluoriditherat
eingetropft, wobei das gebildete Diboran mit dem Stickstoffstrom in die eisgekiihlte
Enol-Losung gespiilt wird. Es werden pro Mol Enol 1,5 Mole NaBH; verwendet;
fiir jede freie Hydroxyl-Gruppeim Enol muf} zusitzlich 1 Mol NaBH; eingesetzt
werden. Nach Zugabe des NaBHj 143t man die Reaktionslosung etwa 2 Std. stehen
und arbeitet dann wie bei den einzelnen Versuchen beschrieben auf.

Bei der Umsetzung mit Diboran-3H wird ein UnterschuB an NaBHs-3H
(0.3 Mol pro Mol Olefin) in Diglym verwendet und sonst wie beschrieben verfahren.
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REAKTIONEN ENOLISCHER ZUCKERDERIVATE 7

Eine Standard-Losung von NaBH-3H wird durch Auflésen von 100 mc NaBH,-3H
hoher spezifischer Aktivitit (100 mc/mmol) in 10 ml M NaBH;-Diglym-Losung
hergestelit. Nach Reaktionsende wird in der ersten Einheit noch 1 Mol nicht
markiertes NaBHs mit der entsprechenden Menge Bortrifluoridatherat zu Diboran
umgesetzt, um damit markiertes Diboran in der zweiten Einheit quantitativ in die
Enol-Lésung zu iiberfithren und eine vollstindige Umsetzung zu erreichen. Die
Ausbeuten an fixiertem 3H betragen zwischen 2 und 109 bezogen auf die Akti-
vitdtsangaben fiir kidufliches NaBH;-3H.

Die Ausbeuten an Reaktionsprodukten liegen zwischen 80 und 90%, d. Th.,
bezogen auf eingesetztes Enol.

Methyl-2,3,4-tri-O-methyl-6-desoxy-x-glucopyranosid-5-en (Ia)

Methyl-6-desoxy-x-glucopyranosid-s-en (I, 4.6 g) wird nach der Methode
von Glen et al.*3 in Aceton (25 ml) mit Dimethylsulfat (12.6 ml) in Gegenwart von
pulverisiertem NaOH (9.6 g) methyliert. Nach Zugabe von Wasser wird mit Chloro-
form extrahiert, die organische Phase mit Wasser gewaschen und iiber NaxSO,
getrocknet. Den Riickstand nach Abziehen des Losungsmittels destilliert man im
Vakuum. 3.4 g = 609 d. Th., Kpo.s 72-74°; [«]22,) +69° (c2, CHClg) (Ber. fiir
Ci1oH1g05: C, 55.015 H, 8.31; gef.: C, 55.25; H, 8.51%).

Methyl-2,3,4-tris-O-trimethylsilyl-6-desoxy-a-glucopyranosid-5-en (1Ib)

I (15g) werden nach einer Methode von Bentley er al.l? in abs. Pyridin
(1zo ml) durch Zugabe von Hexamethyldisilazan (47 g) und Trimethylchlorsilan
(47 2 umgesetzt. Die Reaktionsmischung bleibt 4 Std. bei Zimmertemperatur
stehen, das Pyridin wird unter vermindertem Druck abgezogen, der Riickstand in
Tetrachlorkohlenstoff aufgenommen, mit Wasser gewaschen und iiber NasSO;,
getrocknet. Nach Abzichen des Losungsmittels wird der Riickstand destilliert.
24 g = 72% d. Th., Kpo.3 110-115°. Das farblose Destillat kristallisiert nach einigen
Stunden bei 0°. Fp 40—41°; [« %g,so —+-46° (¢ 2, CHCls) (Ber. fiir C16H3605Si3: C, 48.93;

H, 9.24; gef.: C, 48.75; H, 9.11%).

Hydroborierung von Methyl-6-desoxy-«-glucopyranosid-s5-en (1)

Die Hydroborierung wurde mit 1 mmol I (0.18 g) unter den oben beschriebenen
Bedingungen mit Diboran-3H durchgefithrt. Nach Reaktionsende wurde iiber-
schiissiges Diboran mit einigen Tropfen Methanol zerstort, das Lésungsmittel im
Vakuum abgezogen. Den Riickstand nimmt man in 0.4 g NaOH in 5 ml Wasser
auf und versetzt mit 309jigem Wasserstoffperoxid (0.5 ml). Nach 3 Stunden bei
Zimmertemperatur werden Natriumionen durch Riihren mit einer ausreichenden
Menge Dowex 50 {400 mesh) entfernt. Danach zentrifugiert man den Austauscher ab,
wischt ithn mit 10 ml Wasser nach und zerstort iberschiissiges Wasserstoffperoxid
im schwach sauren Uberstand durch Zugabe einer Spur PtO;. Die filtrierte L&sung
wird im Vakuum eingedampft und der Riickstand durch mehrmaliges Eindampfen
mit Methanol von Borsdure befreit. Den Riickstand 16st man in wenig Wasser und
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chromatographiert auf Papier. Es konnen zwei Substanzen lokalisiert werden, von
denen die eine Methyl-x-D-glucopyranosid-5-3H (Rr 0.50 4+ 0.05), nach Elution der
Zone mit Wasser Cokristallisation® mit authentischem Methyl-«-D-glucopyranosid,
die andere Methyl-g-L-idopyranosid-5-3H (R 0.65) ist. Das Methyl-g-L-idopyranosid-
5-3H wurde zu Triacetyl-L-idosan umgesetzt und durch Cokristailisation mit
Triacetyl-L-idosan identifiziert.

Hydroborierung von Methyl-2,3,4-tris-O-trimethylsilyl-6-desoxy-«-glucopyranosid-5-
en (Ib) .

1omMol Ib (4 g) werden mit der entsprechenden Menge nicht markiertem
Diboran hydroboriert. Nach Vernichtung iiberschiissigen Diborans mit Methanol
wird im Vakuum eingedampft und der Riickstand in Methanol aufgenommen. Zu
der L6sung (4o ml) gibt man 30%ige Essigsdure (40 ml) und schiittelt 4 Std. bei
Zimmertemperatur. Die Mischung wird mit Wasser (soml) verdiinnt und das
Trimethylsilanol mit Chloroform extrahiert. Die wissrige Losung wird im Vakuum
cingedampft, der siruptse Riickstand in 8 %iger Natronlauge (25 ml) aufgenommen
und mit 30%igem Wasserstoffperoxid (2,5 ml) versetzt. Nach 3 Std. wird der Ansatz
analog dem zuvor beschriebenen aufgearbeitet. Nach der Abtrennung der Borsdure
wird der Riickstand in wenig warmen Aethanol aufgenommen. Dei bei 0° abgeschie-
denen Kristalle haben einen Fp von 164-165°. Der Mischschmelzpunkt mit Methyl-
a-D-glucopyranosid zeigt keine Depression. Durch Einengen und Abkiihlen der
Mutterlauge wird das Methyl-z-D-glucopyranosid weitgehend abgeschieden, wie die
gaschromatographische Analyse dieser Mutterlauge zeigt.

Triacetyl-L-idosan. Die Mutterlauge wird durch Zugabe von wenig tritiertem
Material, das aus der Umsetzung von Ib mit Diboran-3H nach der gegebenen
Vorschrift erhalten wurde, radioaktiv markiert und in prdparativem MaBstab
papierchromatographisch aufgetrennt. Es werden etwa 100 mg Substanz in 10%iger
wissriger Losung auf einen Bogen von 60 cm Breite aufgetragen. Die schneller
wandernde Zone des Methyl-g-L-idosids wird ausgeschnitten und eluiert. Nach
Eindampfen der Eluate im Vakuum 16st man den sirupdsen Riickstand (insgesamt
0.4 g) in N Schwefelsdure (10 ml) und erhitzt 6 Std. auf dem Dampfbad. Das resul-
tierende Reaktionsgemisch wird nach den Angaben von Wiggins!4 fiir p-Idosan
aufgearbeitet und acetyliert. Ausbeute: 0.29 g = 49%:; Fp 85-85.5°; [a]ggso +76.5°
(c 1, CHCI3); [a]%5 +73° (¢ 1, CHCl3); Schmelzpunkt und Drehwert stimmen mit
den Werten fiir p-Idosanl4 iiberein (Ber. fiir C;2H160s: C, 50.00; H, 5.60; gef.:
C, 50.01; H, 5.65%).

Verbindung (Ib) wird auch mit Diboran-3H umgesetzt. Man verfidhrt dabei
wie bereits unter >Hydroborierungen* beschrieben. Die Aufarbeitung erfolgt wie

*Nach Vermischen einer Spur der radioaktiv markierten Verbindung mit einer authentischen Probe
wird 2—3mal bis zur Konstanz der spezifischen Aktivitdt aus einem geeigneten Losungsmittel
umkristallisiert. Die Messung der spezifischen Aktivitit erfolgt nach Auflésen einer gewogenen
Probe in Methanol (5 ml) und Vermischen der Lsung mit Scintillationsfiiissigkeit (10 ml) in einem
Scintillationszdhlgerdt (720 Series, Liquid Scintillation System der Nuclear Chicago Company).
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im vorhergehenden Abschnitt fiir Hydroborierung von Ib mit nicht markiertem
Diboran beschrieben, unter Verwendung entsprechend kleinerer Mengen. Die
Trennung des Reaktionsgemisches wird papierchromatographisch ohne vorher-
gehende Kristallisation von Methyl--D-glucopyranosid-5-3H durchgefiihrt.

Hydroborierung von Methyl-2,3,4-tri-O-methyi-a-glucopyranosid-5-en (la)

0.01 Mol Ia (2.2 g) werden mit nicht markiertem Diboran umgesetzt. Nach
Zerstorung iiberschiissigen Diborans mit Methanol und Entfernung von Tetrahydro-
furan und Methanol wird der Riickstand in abs. Aethanol (10 ml) aufgenommen.
Man versetzt unter Eiskiihlung mit einer Losung von pulverisiertem NaOH (1.5 g)
in abs. Aethanol (15 ml) und tropft dann unter kriftigem Rithren 30%iges Wasser-
stoffperoxid (2 ml) zu. Nach zweistiindigem Rithren bei Zimmertemperatur wird
der anorganische Niederschlag abzentrifugiert, mit wenig abs. Aethanol gewaschen
und erneut zentrifugiert. Die vereinten Uberstéinde werden mit Dowex-50 (400 mesh)
von Natriumionen und durch wiederholte Destillation mit Methanol von Borsiure
befreit. Das Losungsmittel wird abgezogen und der sirupdse Riickstand im Vakuum
destilliert. 1.9 g = 80% d. Th.; Kpo.2 90-98°. Die gaschromatographische Analyse
zeigt, daB das Gemisch aus zwei Komponenten besteht.

Methyl-2,3,4-tri-O-methyl-6-O-phenylazobenzoyl-o-p-glucopyranosid (IV) und
Methyl-2,3,4-tri-O-methyl-6-O-phenylazobenzoyl-f-1-idosid (V)

Das Destillat vom Kpg.2 90-98° (0.25g) wird in abs. Pyridin (2.5 ml) mit
Phenylazobenzoyichlorid (0.3 g) 3 Std. auf 100° erhitzt. Aufarbeitung erfolgt wie
bei Foster et al.1® beschrieben. Das gewonnene Azoylester-Gemisch kristallisiert
teilweise aus. Aus Aethanol kristallisiert ein diinnschichtchromatographisch reines
Produkt. Es handelt sich hierbei um V, das allerdings nicht eindeutig durch Vergleich
mit authentischem Material identifiziert werden konnte. Die Analegie der Reaktion
von Ia mit Diboran zu der von I und Ib 148t jedoch auf V schlieBen. Durch Saulen-
chromatographie (siche unten) 1dBt sich noch eine kleine Menge des Produktes
gewinnen: 0.31 g. Fp 119-120° (Ber. fiir CosHe3O7Ne: C, 62.16; H, 6.35; N, 6.31;
gef.: C, 61.91; H, 6.37; N, 6.52%).

Die Mutterlauge wird eingeengt und auf einer Silicagel-S&ule mit Essigester
chromatographiert. Die schneller laufende Zone wird aufgefangen und das Eluat
eingedampft. Der Riickstand kristallisiert spontan und wird aus Petroldther (60-80°)
umkristallisiert. Es handelt sich um VI. Ausbeute: 0.16 g; Fp 80° (Ber. fiir CoaH2307Na:
C, 62.16; H, 6.35; N, 6.31; gef.: C, 62.10; H, 6.47; N, 6.44%).

Daneben kann durch weitere Elution noch eine kleine Menge V erhalten
werden.

Verseifung von V zu Methyl-2,3,4-tri-O-methyl-f-1L-idopyranosid (VI)
V (0.8 g) wird in einer Losung von KOH (1.2 g) in Aethanol (30 ml) aufgenom-
men und eine Stunde am Riickflul gekocht. Man 148t abkiihlen und dann eine
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Stunde bei 0° stehen. Das vom ausgefallenen Niederschlag abgetrennte fast farblose
Filtrat wird im Vakuum bis fast zur Trockene eingedampft, in Wasser aufgenommen
und mit Chloroform extrahiert. Nach Waschen und Trocknen der organischen
Phase iiber NasSO4; wird das Lésungsmittel im Vakuum abgezogen und der dlige
Riickstand destilliert. Ausbeute: 0.39 g = 877, d. Th.; Kpo.2 84-85°; [«]22_ +102°
(¢ 2.2, CHCIl3) (Ber. fiir C;0H2006: C, 50.82; H, 8.53; gef.: C, 50.95; H, 8.76%).

Verseifung von IV zu Methyl-2,3,4-tri-O-methyl-x-D-glucopyranosid (VII)

IV wird wie fiir V beschrieben verseift und aufgearbeitet. Ausbeute: 859 d. Th.;
Kpo.2 89-92°; [cz]%%so +154° (¢ 1.5, CHCIl3) (Ber. fiir C;9Hz2006: C, 50.82; H, 8.53;
gef.: C, 51.02; H, 8.76%).

Darstellung von Methyl-2,3,4-tri-O-methyl-a-D-glucopyranosid aus
Methyl-6-O-triphenylmethyl-o-D-glucopyranosid (VIII)

Zur eindeutigen Identifizierung von VII wird VIII¢ auf herk&mmlichen Weg
durch Permethylierung nach der Methode von Glenn!3 umgesetzt. Der Schmelzpuntk
des gewonnenen Produktes, Methyl-2,3,4-tri-O-methyl-6-O-triphenylmethyl-a-D-
glucopyranosid (IX), stimmt nicht mit dem Literaturwert iibereinl% (109° gegentiber
166-167°). Es wurde daher die von Robertson et al.1® angegebene Permethylierung
mit Silberoxid und Methyljodid nachgearbeitet, wobei ebenfalls ein Produkt vom
Fp 167-168° resultierte. Es kann sich jedoch nicht um die gewiinschte Verbindung IX
handeln, da das ir.-Spektrum eine starke Hydroxylabsorption zeigt, die bei dem
Produkt vom Fp 109° nicht auftritt (Ber. fiir IX, CagH2106¢: C, 72.77; H, 7.17; gef.:
C, 73.07; H, 6.82%).

Enttritylierungl6 von IX ergibt ein Ol, das nach der Destillation beim Abkiihlen
kristallin erstarrt. Fp 23°; Kpoe 90-94°; [«]22, ) +162° (c 3, CHClg) (Ber. fiir
C10H2006: C, 50.82; H, 8.53; gef.: C, 50.80; H, 8.56%). Es handelt sich hierbei um
bisher nicht beschriebenes Methyl-2,3,4-tri- O-methyl-«-D-glucopyranosid. Es ist
gaschromatographisch nicht von dem durch Hydroborierung erhaltenen Produkt
zu unterscheiden. Die i.r.-Spektren sind ebenfalls identisch. Die Umsetzung zum
6-Phenylazobenzoylester IV ergibt ein Produkt, das bei 82° schmilzt. Der Misch-
schmelzpunkt mit dem iiber die Hydroborierung gewonnenen Produkt zeigt keine
Depression. Ebensowenig zeigen die ir.-Spektren irgsendwelche Unterschiede.

Entmethylierung von Methyl-2,3,4-tri-O-methyl-a-D-glucopyranosid (VII)

Die Entmethylierung wurde nach einer Methode von Bonner et a/.l?7 mit
Bortrichlorid durchgefithrt. VII (0.1 g) wird in Dichlormethan (1 ml) gel&st, mit
Aceton/Trockeneis gekiihlt und unter Ausschlufl von Feuchtigkeit mit Bortrichlorid
(s ml) versetzt. Man 148t etwa 30 Minuten im Kiltebad stehen und dampft dann
tiberschiissiges Bortrichlorid und das Dichlormethan bei 30-40° ab. Der Riickstand
wird 30 Minuten auf 50-60° erwdrmt und nach Kiihlung vorsichtig mit Methanol
versetzt. Man dampft die Losung zur Trockene ein und wiederholt den gesamten
Arbeitsgang dreimal. Beim letzten Arbeitsgang wird anstelle reinen Methanols
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50%iges wissriges Methanol zugesetzt. Nach Eindampfen erweist sich der Riick-
stand (0.055 g) als papierchromatographisch reine D-Glucose.

Die Entmethylierung von VI gelang unter den angegebenen Bedingungen nicht,
da sich die Reaktionslésung bei der Zugabe von Bortrichlorid dunkel farbt und sich
beim Aufarbeiten zersetzt.

Hydroborierung vron Methyl-2,3-O-isopropyliden-6-desoxy-a-mannopyranosid-5-en(11)

Die Hydroborierung von II (1 mmol) wurde mit Diboran-3 H durchgefiihrt.
Aufarbeitung erfolgt wie fiir Ia beschrieben. Nach der Entfernung von Natriumionen
und Borsdure wird die Isopropyliden-Gruppe durch einstiindiges Erhitzen auf dem
Dampfbad in s509%iger Essigsdure (10 ml) abgespalten. Die Essigsdure wird mit
‘Wasser azeotrop abdestilliert und schlieBlich die L6sung im Vakuum zur Trockene
eingedampft. Das tritierte Gemisch kann papierchromatographisch in zwei Kom-
ponenten zerlegt werden. Die schneller laufende Zone (Rr 0.45) erwies sich nach
Elution und Cokristallisation mit authentischem Methyl-«-D-mannopyranosid als
Methyl-z-D-mannopyranosid-5-3H. Die langsamer laufende Komponente (Rr 0.36)
wird eluiert, das Eluat nach dem Eindampfen mit N HCI (3 ml) bei 100° in 3 Std.
hydrolysieit und nach Umsetzung mit 1-Benzyl-phenylhydrazinl® durch Cokristal-
lisation mit authentischem r-Gulose-benzyl-phenyihydrazonl?® als r-Gulose-5-3H-
benzyl-phenylhydrazon identifiziert.

Hydroborierung von 1,2:5,6-Di-O-isopropyliden-3-desoxy-glucose-3-en (II1)

Il vom Fp 52.5~-53° (1 mmol) wird mit Diboran-3H hydroboriert. Aufarbeitung
erfolgt wie fiir II beschrieben. Nach papierchromatographischer Analyse kann nur
ein Produkt aufgefunden werden. Elution der Zone und Acetylierung eines Teils
des Verdampfungsriickstandes (0.01 g) mit Acetanhydrid (c,1 ml) und wasserfreiem
Natriumacetat ergibt nach der iiblichen Aufarbeitung einen Riickstand (0.009 g),
der ohne Aktivititsverlust mit Penta-O-acetyl-B-p-galaktopyranose cokristallisiert
werden kann.

Damit ist bewiesen, daf3 das einzige bei der Reaktion entstandene Produkt
D-Galaktose-4-3H ist.
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ZUSAMMENFASSUNG

Durch Hydroborierung von enolischen Hexose-Derivaten mit Diboran-3H
kann eine spezifische Markierung von Hexosen mit Tritium erreicht werden. Es
wird die Synthese von Methyl-a-D-glucopyranosid-5-3H, Methyl-B-L-idopyranosid-
5-3H, Methyl-«-D-mannopyranosid-5-3H, Methyl-g-L-gulopyranosid-s5-3H, und
D-Galaktose-4-3H beschrieben.

Die Methode eignet sich auch zur teilweisen Umwandlung leicht zuganglicher
Zucker, wie D-Glucose, D-Mannose, und D-Galaktose in die entsprechenden seltenen
Zucker 1-Idose, L-Gulose, und L-Altrose iiber enolische Derivate der Ausgangs-
produkte. Im Falle des 1,2:5,6-Di-O-isopropyliden-3-desoxy-glucose-3-ens konnte
eine volistandige Umwandlung von p-Glucose in D-Galaktose erreicht werden.

In allen Fillen konnte nur anti-Markownikoff-Addition von Diboran an
enolische Zuckerderivate beobachtet werden.

Die sterischen Effekte von Substituenten auf die Addition von Diboran an
enolische Zuckerderivate werden diskutiert.

SUMMARY

By hydroboration of enolic hexose derivatives with diborane-3H, specific
labelling with tritium can be achieved in hexoses. Syntheses of methyl «-p-gluco-
pyranoside-5-38H, methyl B-L-idopyranoside-5-3H, methyl «-b-mannopyranoside-
5-3H, methyl g-L-gulopyranoside-5-3H, and p-galactose-4-3H are described.

This method can also be used to change partially easily accessible sugars such
as D-glucose, D-mannose, and D-galactose into rare sugars such as L-idose, L-gulose,
and L-altrose, respectively, via enolic derivatives of the starting materials. In the
case of 3-deoxy-1,2:5,6-di-O-isopropylidene-e-D-erythro-hexofuran-3-enose a com-
plete conversion of D-glucose into D-galactose has been achieved.

In all cases, anti-Markownikoff addition of diborane to enolic sugar derivatives
was observed.

The steric effects of substituents on the addition of diborane to enolic sugar
derivatives are discussed.
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2-HYDROXYMORPHOLINE. A NEW CLASS OF SUGAR*

K. W. Buck, F. A. FauiM, A. B. FostER, A. R. PERRY, M. H. QADIR, AND J. M. WEBBER
Chemistry Department, The" University, Birmingham 15 (Great Britain)
(Received November 12th, 1965)

INTRODUCTION

An approach! to the stereospecific synthesis of naturally-occurring, optically-
active sulphoxides? and of asymmetric quaternary derivatives of nitrogen (and other
hetero atoms) having known absolute configuration requires, initially, the incor-
poration of the hetero atom into an asymmetric molecular framework of known
absolute stereochemistry, so that the stereochemistry of the conversion of the hetero
atom into the higher valency state may be ascertained. This initial stage may be
effected by the conversion of suitably blocked glycopyranosides into derivatives of
2-hydroxy-1,4-oxathiane and 2-hydroxymorpholine. We now report on some of
these compounds which, in effect, constitute a new class of sugar containing two
hetero atoms in a six-membered, cyclic hemi-acetal. There are numerous examples
of sugar derivatives in which the ring oxygen atom has been replaced by sulphur?
or nitrogen?.

RESULTS AND DISCUSSION

Oxidation of methyl «-L-rhamnopyranoside with sodium metaperiodate, and
reduction of the resulting dialdehyde with sodium borohydride afforded (2S,1'R)-
2-(2’-hydroxy-1'-methoxyethyloxy)propan-1-ol> (I), which was characterised as the
di-p-phenylazobenzoate. When the ditosylate (II) was treated with sodium sulphide
in boiling methanol, smooth conversion into (2R,6S5)-2-methoxy-6-methyl-1,4-
oxathiane (III) occurred; in the reaction sequence leading to the oxathiane (III),
the absolute configuration at positions 2 and 6 is unaffected. Similarly, the ditosylate
(V) (derived® from 1,6-anhydro-g-D-glucopyranose by application in sequence of
periodate oxidation, borohydride reduction, and tosylation) was converted into
(1R,4R)-2,8-dioxa-6-thiabicyclo[3,2,1]Joctane (V).

The conversion of methyl «-D-glucopyranoside into a 1,4-oxathiane derivative
could not be effected directly. Treatment of methyl 6-O-trityl-x-D-glucopyranoside
with lead tetra-acetate in pyridine (or chloroform) followed by reduction of the
product with sodium borohydride gave a mixture of diol and triol arising from

*A preliminary report of some of these results has been published: K. W. Buck, A. B. FOSTER,
A. R. PERRY, AND J. M. WEBBER, Chem. Commun., (1965) 433.

Carbohydrate Res., 2 (1966) 1423



2-HYDROXY-1,4-OXATHIANE AND 2-HYDROXYMORPHOLINE 15

incomplete oxidation of the glucoside derivative, and a second treatment with the
reagents was necessary to effect complete conversion into (2R,1’S)-2-0-(2'-hydroxy-
1’-methoxyethyl)-1-O-tritylglycerol (VI). The crystalline ditosylate of the syrupy
diol (VI) readily afforded (2S,6R)-2-methoxy-6-trityloxymethyl-1,4-oxathiane (VII)
on ireatment with sodium suiphide in boiling meihanol. Deiritylation of the 1,4-
oxathiane derivative (VII) was accomplished by hydrogenolysis over palladised
charcoal to give (2S,6R)-6-hydroxymethyl-2-methoxy-1,4-oxathiane (VIII).

H,C——O CHpOTr
O oMe o Q
Me
ROCHz TSOCHQ HOCH2
ROCH, TsOCH, HOCHa
I R-=H ~ i
1 R-=Ts
HaC—O CH,OR3
Q gt (e} O Rt
Me X x
s R2 s 'S RZ
m R -OMe, R?:=H < ¥I R': H,R2-0OMe, R3-Tr
X R',R2:H, OH Ym R':R3:-H, R2 = OMe
X1 R'=H, R?= OAc X R',R®:=H,OH,R3:zH

XI R'=H, R%: OMe
XX R'-0Ac, R2=H

The 1,4-oxathiane derivatives (II1), (V), and (VIII) show a sensitivity towards
acid comparable to that of methyl 2-deoxyglycopyranosides’. Thus, compound (VIII)
was hydrolysed to crystalline (6R)-2-hydroxy-6-hydroxymethyl-1,4-oxathiane (IX)
by N sulphuric acid during 12—-15 h at room temperature. The 1,4-oxathiane deri-
vative (IX) was also obtained on acid hydrolysis of compound (V). Acid hydrolysis
of compound (II1) afforded (65)-2-hydroxy-6-methyl-1,4-oxathiane (X) which, with
acetic anhydride in pyridine, gave (2R,6S)-2-acetoxy-6-methyl-1,4-oxathiane* (XI)
(the configuration at position 2 was ascertained by n.m.r. spectroscopy, as discussed

below).
Construction of a molecular model of (2R,6S)-2-methoxy-6-methyl-1,4-

oxathiane (III), using bond angless of 105° and 111° for C—S-C and C-0O-C, respec-
tively, and bond lengths® of 1.82 and 1.42 A for C-S and C-O, respectively, indicated
that the molecule can adopt a somewhat distorted chair conformation in which the
axial substituents on C-2 and C-6 are noticeably inward-pointing, and those on
C-3 and C-5 are noticeably outward-pointing. Compound (II1) probably adopts
conformation (XII), since the n.m.r. spectrum (acetonitrile) showed, inter alia, a

*Although the configuration at position 2 in the transformation (III) > (XI) is inverted, the absolute
configuration® remains R.
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triplet at 75.25 (Jae+ Jee ca. 5 c.p.s.) for the glycosidic proton (H-2), typical®
of an equatorial proton equally coupled to the axial and equatorial protons of a
vicinal methylene group. In acetonitrile containing toluene-p-sulphonic acid at 20°,
the trans-glycoside (III) equilibrated to a mixture containing 75% of the cis-isomer,
(25, 65)-2-methoxy-6-methyl-1.4-oxathiane (XIII), which probably adopts the chair
conformation (XIV), since the glycosidic proton signal was a quartet (7 5.48,
Jae + Jaa ca. 11 c.p.s.) typical® of an axial proton coupled to vicinal axial and
equatorial protons. A contrast is provided with the behaviour of the apparently
closely-related compounds cis- and trans-2-methoxy-4-methyltetrahydropyranl?
which, under similar equilibrating conditions, gave a mixture containing 65%; of the
trans-isomer. The chair conformations (XV) and (XVI) were established'® for the
trans- and cis-components of this equilibrium mixture, and the preponderance of
the trans-isomer was held to reflect the operation of the anomeric effect!l. The cause
of the destabilisation of the tranms-oxathiane derivative (XII) relative to the cis-
isomer (XIV), under the equilibrating conditions, is not clear, but a contribution
may be made by the non-bonded interaction between the axial methoxyl group and
the axial C-6 proton. Because of the geometry of the 1,4-oxathiane ring (as noted
above), this interaction would be significantly greater than the corresponding inter-
action in the trans-tetrahydropyran derivative (XV).

OR OR
Me 54 o (o)
M
X0 R=Me XI¥ R=Me ¢
XVl R=Ac XV R:=Ac XX R=Me
XZM R=H XX R=H XXI R=Ac

oH
w\oR - HOHZCm HOH,C mol—i
Me

X1 R=Me * XXV p-o-avs
XX R=Ac

The n.m.r. spectrum (carbon tetrachloride) of the acetate (XI) showed, inter
alia, a quartet at 7’ (see Experimental) 4.25 (Jaa+ Jae 12 c.p.s.) for the glycosidic
proton (H-2), typical® of an axial proton unequally coupled to the axial and equa-
torial protons of a vicinal methylene group, and consistent with conformation (XVII).
Equilibration of the cis-acetate (XI) at 20° in an equimolar acetic acid-acetic anhy-
dride mixture containing toluene-p-sulphonic acid gave a cis,frans-mixture con-
taining 679, of the cis-isomer. The trans-isomer, (285, 6S)-2-acetoxy-6-methyi-1,4-
oxathiane, probably assumes the chair conformation (XVIII), since, in the reaction
mixture, the signal for the glycosidic proton was a triplet at 3.87 (Jee+ Jea
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ca. 5.5 ¢.p.s.) typical® of an equatorial proton equally coupled to vicinal axial and
equatorial protons [the corresponding signal for the cis-isomer (XVII) was a quartet
at 4.24 (Jae & Jaa 11.8 c.p.s.)]. Thus, as for the methoxy compounds (IIT) and (XIII),
acid-catalysed equilibration of the acetates (XI) and (XIX) favours the cis-isomer
(XI), and a contrast is again provided with the tetrahydropyran series, where similar
equilibration® of the cis- (XX) and trans-2-acetoxy-4-methyl derivaiives (XXI)
gives a mixture containing 72% of the trans-isomer.

An aquecus solution of the crystalline (6R)-2-hydroxy-6-hydroxymethyl-
1,4-oxathiane (IX) showed no detectable mutarotation. The n.m.r. spectrum of a
solution of (6S)-2-hydroxy-6-methyl-1,4-oxathiane in pyridine showed, inter alia,
a quartet for the anomeric proton at 7 4.79 (Jaa-+ Jae 11.5 c.p.s.) indicative of
conformation (XXII), but in deuterochloroform, the ratio of conformations (XXII)
and (XXIII) was ca. 2:1. A comparable situation exists for 2-hydroxy-6-hydroxy-
methyltetrahydropyran, the frans- and cis-isomers of which can adopt the confor-
mations (XXIV) and (XXV). The n.m.r. spectrum of the equilibriumz mixture in
pyridine at room temperature showed, inter alia, unresolved multiplets at 7 4.98
(Jaa+ Jae ca. 11.5 c.p.s.) and 4.38 (Jae + Jee ca. 5.5 c.p.s.) for the anomeric protons
of conformations (XXV) and (XXIV), respectively. Integration of the H-2 signals
indicated the ratio of conformations (XXIV):(XXV) to be ca. 1:2.

Q
Me X1 oM

N
R/ Ao'w H
XX R-H Oome Xxvm
XXV R=Ac Me x
N
H
XXIX
OMe
QoMe O.coMe
Mez\o Me x Me X
N
H //N‘ /N'
ExZ = Me — c/
\
Me (o
XX XXXA

Treatment of the ditosylate (II) with methanolic ammonia at 120° afforded
(2R,6S)-2-methoxy-6-methylmorpholine (XXVI), which readily gave the N-acetyl
derivative (XXVII). The acid hydrolyses of compounds (XXVI) and (XXVII) were
conveniently followed by using n.m.r. spectroscopy to observe the change in inten-
sities of the signals for the protons in the N-acetyl group and in the released acetic
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acid, and the change in the ratio of signal intensities for the protons in the glycosidic
methoxyl group, both during the reaction and in the product. Hydrolysis of the
N-acetyl derivative (XXVII) with 2N hydrochloric acid at 75° was rapid (80% in
IS5 min, ca. 99% in 30 min), and conversion into the amino alcohol (XXVIII) was
almost complete. Hydrolysis must therefore have followed pathway A4, with cleavage
of the glycosidic methoxyl group preceding hydrolysis of the N-acetyl residue, since
the amino glycoside (XXIX), which would be formed in pathway B, was relatively
resistant to acid (359 hydrolysis in 210 min), presumably because of electrostatic
shielding by the protonated amino group. The glycosidic substituent and the nitrogen
atom in the N-acetyl derivative (XXVII) are separated by the same number of bonds
as are the corresponding groups in the methyl 2-acetamido-2-deoxy-D-glucopyrano-
sides, but a significant percentage of each of the latter compounds is hydrolysed in
acid!? by a pathway analogous to B, possibly because of the greater steric accessi-
bility of the acetamido group.

The n.m.r. spectrum (carbon tetrachloride) of (2R,6S5)-2-methoxy-6-methyl-
morpholine (XXVI) was consistent? with the chair conformation (XXX), in that the
signal for the anomeric proton (H-2) was an unresolved multiplet at 7 5.60 (half
band width, 4 c.p.s.). The N-acetyl derivative (XXVII) gave a similar signal.

At 35° in carbon tetrachloride solution, the signals for the methoxyl and
acetyl protons in the n.m.r. spectrum of the N-acetyl derivative (XXVII) were sharp
singlets, but at ca. —70°, the methoxyl proton signal became a doublet and the
acetyl proton signal became asymmetric. The latter data are consistent with the
existence of geometrical isomers of the types (XXXI) and (XXXII), analogous to
those observed for N-alkyl amides!3 and for sugar derivatives in which the ring
oxygen atom has been replaced by an acetamido groupl4. The energy barrier between
the geometrical isomers (XXXI) and (XXXII) for the N-acety! derivative (XXVII),
where the N-acetyl group is flanked by methylene groups, is significantly lower than
in the analogous sugar derivatives!4, where the flanking groups are bulkier.

EXPERIMENTAL

Thin-layer chromatography (t.l.c.) was performed on Kieselgel, and detection
was effected with vanillin-sulphuric acid!> and/or iodine vapour. Organic solvents
were dried with MgSO4. N.m.r. spectra were determined on ca. 209 solutions, with
5% tetramethylsilane as internal reference () or 6% tetramethylsilane in chloroform
as external reference (z’), by using a Varian A6o spectrometer under normal working
conditions. Optical rotations were measured at ca. 30°.

(2S.1°R )-2-(2'-Hydroxy-1’-methoxyethyloxy Jpropan-1-ol (1)

A solution of sodium metaperiodate (44.2 g) in water (200 m!) was added to
a solution of methyl a-L-rhamnopyranosidel® (16 g, m.p. 104—-106°, [o]p —68° in
water) in phosphate buffer!” (x50 ml, pH 7), and the mixture was stored overnight
at room temperature. The excess of periodate was precipitated with 10% aqueous
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barium chloride. Sodium borohydride (8 g) was then added to the filtered solution
and, after storage overnight at room temperature, the solution was extracted con-
tinuously with chloroform during 48 h. Concentration of the dried extract gave the
title compound (10.5g, 78%), b.p. 142-144°/16 mm, which was characterised18
as the di-p-phenylazobenzoate, m.p. 84-85°, [os461 +98° (c 0.2, ethanol) (Found:
C, 67.8; H, 5.5; N, 9.9. Cs2H30N1O06 calc.: C, 67.8; H, 5.3; N, 9.9%), and the
ditosylate (II), m.p. 54-55° [«lp +6.5° (c 1.0, ethanol) (Found: C, 52.1; H, 5.7;
S, 14.25. CooH20sS» cale.: C, 52.4; H, 5.7; S, 14.0%).

(2R, 1S )-2-O-(1'-Methoxy-2'-toluene-p-sulphonyloxyethyl )- 1-O-triphenylmethyl-3-O-
toluene-p-sulphonylglycerol

Lead tetra-acetate (93.2 g) was added to a solution of methyl 6-O-triphenyl-
methyl-z-D-glucopyranosidel® (51.5g) in pyridine (200 ml) whilst the temperature
was kept below 40°. After the mixture had been stirred for 2 h, oxalic acid was added
to remove the excess of lead ions. Insoluble material was collected and washed well
with chloroform, and the combined and dried filtrate and washings were concen-
trated to ca. 100 ml. Chloroform (400 ml) was added, and the solution was washed
with water (2 X 300 ml), 10% aqueous sodium hydrogen carbonate (2 X 300 ml),
and water, dried, and concentrated. To a solution of the residue (52.4 g) in ethanol
(250 ml) at 0°, sodium borohydride (11 g) was added. After storage overnight, the
solution was neutralised with acetic acid and concentrated in the presence of potas-
sium carbonate. The resulting sludge was extracted with chloroform (500 ml), and
the extract was concentrated to yield a syrup (47.1 g) which contained two main
components (Rr ca. 0.20 and ca. 0.35; t.l.c., benzene-methanol, 9:1) indicative of
incomplete oxidation. The product was therefore re-treated with lead tetra-acetate
(58 g) in pyridine (200 ml) as described above, and the resultant syrup was treated
with sodium borohydride (11 g) in ethanol (250 ml) to give slightly impure (2R,1’S)-
2-0-(2'-hydroxy-i’-methoxyethyl)- 1 - O-triphenylmethylglycerol (VI, 30.7¢g), Rr
ca. 0.35.

The crude diol (0.976 g) was esterified with tosyl chloride (1.04 g) and pyridine
(4 ml) in the usual manner, and the crude product (1.75 g) was recrystallised from
ethanol to give the title compound (1.16 g, 67%), m.p. 129.5-130°, [«]p —9° (c 1.15,
chloroform) (Found: C, 65.1; H, 5.7; S, 8.8. C39H4004S2 calc.: C, 65.3; H, 5.6;
S, 8.95%)-

In subsequent experiments, it was found more convenient to use chloroform
as solvent in the lead tetra-acetate oxidation. Thus, lead tetra-acetate (265 g) was
added in portions with cooling to a solution of methyl 6-O-triphenylmethyl--bD-
glucopyranoside (145 g) in dry chloroform (1.2 1). After the mixture had been stirred
for 1.5 h, excess of lead ions were removed with oxalic acid, and the solution was
washed with water, 10% aqueous sodium hydrogen carbonate, and water. The dried
solution was concentrated to give the crude dialdehyde which was reduced as des-
cribed above.
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Preparation of I,4-oxathiane derivatives

(@) A solution of the ditosylate (II) (18 g) and sodium sulphlde (10.5 g) in
methanol (150 ml) was boiled under reflux overnight. The mixture was diluted
with water and extracted with chloroform (3 X 75 ml). Concentration of the com-
bined and dried extracts and distillation of the residue gave (2R,6S)-2-methoxy-
6-methyl-1,4-oxathiane (ITl, 3.6 g, 66%), b.p. 60-62°/2 mm, [z]lp —55° (¢ 1.9, ethanol)
(Found: C, 48.3; H, 8.3; S, 21.6. CgH;20:S calc.: C, 48.6; H, 8.2; S, 21.6%). The
n.m.r. spectrum (acetonitrile) showed, inter alia, signals at 7 6.67 (OMe protons)
and 8.83 (doublet, Jca.7 c.p.s., CMe protons).

(b) By essentiaily the above method, the ditosylate® (IV) was converted into
(1R,4R)-2,8-dioxa-6-thiabicyclo[3,2,1]octane (V, 62%), b.p. 47-49°/0.1 mm, [«]p —40°
(c 6.4, chloroform) (Found: C, 45.6; H, 6.3; S, 24.4. C5HsOsS calc.: C, 45.5; H, 6.1;
S, 24.2%).

(¢) Likewise, the ditosylate of diol (VI) was converted into (25,6 R)-2-methoxy-
6-triphenylmethoxymethyl-1,4-oxathiane (VII, 95%), m.p. 107.5-108.5° (from
ethanol), [«]p -18° (¢ 1.2, chloroform) (Found: C, 74.2; H, 6.5; S, 7.8. CasH2603S
cale.: C, 73.9; H, 6.45; S, 7.8%). )

(2S,6R )-6-Hydroxymethyl-2-methoxy-1,4-oxathiane ( VIII)

A solution of (2S5,6R)-2-methoxy-6-triphenylmethoxymethyl-1,4-oxathiane
(VIL, 4.58 g) in methanol (250 ml) was shaken with hydrogen, at a pressure slightly
greater than I atmosphere in the presence of 59 palladised charcoal, until the reac-
tion was complete. It was necessary to add several portions of the catalyst, and the
reaction times were not reproducible (up to 5 days). After removal of the catalyst
and evaporation of the solvent, the product was partitioned between light petroleum
(100 mi, b.p. 60-80°) and water (100 ml). The aqueous layer was then extracted
with ether continuously overnight. Evaporation of the dried extract and distillation
of the residue gave the title compound (1.02g, 55%), b.p. 140° (bath)/o.2 mm.
[«]p ~67° (c 1.2, chloroform) (Found: C, 43.95; H, 7.5; S, 19.3. CeH120sS calc.:
C, 43.9; H, 7.4; S, 19.5%).

(6R )-2-Hydroxy-6-hydroxymethyl-1,4-oxathiane (1X)

(@) A solution of (1R,4R)-2,8-dioxa-6-thiabicyclo[3,2,1]octane (V, 0.5g)
in N sulphuric acid (25 ml) was stored at 67.5°; op changed from —o0.75° (0 min)
to —0.14° (430 min, final constant value). The cooled solution was neutralised with
barium carbonate, filtered, and extracted with chloroform continuously overnight.
The dried extract was concentrated, and the residue was recrystallised from chloro-
form-light petroleum (b.p. 60-80°) to give the title compound (IX, 0.3 g, 53%),
m.p. 92-94.5°, [elsas1 +7° (¢ 0.6, water, no detectable mutarotation) (Found: C, 39.9;
H, 6.6; S, 21.0. C5H190sS calc.: C, q0.0; H, 6.7; S, 21.3%,).

() A solution of (25,6R)-6-hydroxymethyl-2-methoxy-1,4-oxathiane (VIII,
140 mg) in N sulphuric acid (15 ml) was stored at room temperature overnight and
then neutralised with barium carbonate. The filtered solution was extracted with
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chloroform continuously for 18 h, and the dried extract was concentrated. Recrystal-
lisation of the residue, as in (a), gave the title compound (IX, 46 mg), m.p. 91-94°,
which was identical with the authentic product described in (a), [«ls4s1 +7° (c 0.6,
water, no detectable mutarotation).

(2R,68 )-2- Acetoxy-6-methyl-r1,4-oxathiane (XI)

{(2R,6S)-2-Methoxy-6-methyl-1,4-oxathiane (III, 1.4 g) was stirred with 4N
hydrochloric acid (4 ml) at 65° until the mixture became homogeneous (4 h). The
hydrolysate was neutralised with 109 aqueous sodium hydrogen carbonate and then
extracted with chloroform. The dried extract was concentrated, and the residue was
recrystallised from light petroleum (b.p. 60-80°) to give (6S)-2-hydroxy-6-methyl-
1,4-oxathiane (X, 0.825 g, 66%), m.p. 74—76° [xlsa61 +25° (c 0.4, water) (Found:
C, 44.8; H, 7.6; S, 23.7. C5H;100:S calc.: C, 44.8; H, 7.5; S, 23.8%).

A solution of the foregoing alcohol (X, 0.57 g) in pyridine (3 ml) and acetic
anhydride (0.85 g) was stored at o° overnight and then diluted with water (25 ml).
The mixture was extracted with chloroform, the dried extract was concentrated, and
the residue was distilled to give the title compound (X1, 95%), b.p. 67-69°/0.15 mm,
[lp +-36.5° (¢ 1.1, ethanol) (Found: C, 47.7; H, 6.6. C7H;203S calc.: C, 47.7; H,6.6%).
The n.m.r. spectrum (carbon tetrachloride) had signals, inter alia, at =’ 7.90 (acetyl
protons) and 8.67 (doublet, J 6 c.p.s., C-methyl protons).

Equilibration experiments

(a) A solution of (2R,6S)-2-methoxy-6-methyl-1,4-oxathiane (IIf, 100 mg) in
acetonitrile (0.5 ml) containing toluene-p-sulphonic acid (19/) was stored at 20°
until the n.m.r. spectrum showed no further change (ca. 1 day). The proportion of
2S:2R isomers in the mixture was determined by integration of the areas of the
signals for the anomeric protons (see discussion) and the methoxyl protons (7 6.64
and 6.60, respectively).

() A solution of (2R,6S5)-2-acetoxy-6-methyl-1,4-oxathiane (XI, 200 mg) in
an equimolar mixture of acetic acid and acetic anhydride (1 ml) containing toluene-
p-sulphonic acid (0.001 M) was stored at 20° until the n.m.r. spectrum showed no
further change (ca. 8 days). The ratio of 2S:2R isomers in the mixture was deter-
mined by integration of the areas of the signals for the anomeric protons (see dis-
cussion).

(2R,68S )-2-Methoxy-6-methylmorpholine (XXVI)

A solution of the ditosylate (II, 26 g) in methanol (650 ml) saturated with
ammonia at room temperature was stered in an autoclave at 120° for 20 h and then
evaporated. A solution of the residue in 2N sodium hydroxide (180 ml) was extracted
with chloroform (3 X 180 ml), and the combined and dried extracts were concen-
trated. Distillation of the residue gave the title compound (3.7g, 50%), b.p.
40-50°/16 mm, [}y, —92° (c 0.3, chloroform) (Found: C, 54.4; H, 10.2; N, 10.7.
CsH13sNO: calc.: C, 54.9; H, 10.0; N, 10.45%).
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Treatment of the foregoing amine with acetic anhydride and pyridine, in the
usual manner, gave (2R,6S)-N-acetyl-2-methoxy-6-methylmorpholine (XXVII),
b.p. 114-115°/0.25 mm, [«]p —146° (c 0.3, chloroform) (Found: C, 55.7; H, 9.0;
N, 8.5. CgHi5NO3 calc.: C, 55.5; H, 8.7; N, 8.1%).

Hydrolysis experiments

(@) A solution of (2R,6S)-2-methoxy-6-methylmorpholine (XXVI, 100 mg)
in 2N hydrochloric acid (1 ml) containing fert-butyl alcohol (internal quantitative
standard) was stored at 75°. The n.m.r. spectrum was recorded at 0.0 and 3.5 h, and
the extent of hydrolysis was calculated from the integrated areas of the signals for
the glycoside methoxyl and methanol protons. The hydrolysate was then concen-
trated in vacuo at 25°, and the extent of hydrolysis was calculated from the n.m.r.
spectrum of an aqueous solution of the residue by using the ratio of the integrated
signals for O- and C-methyl protfons.

On concentration of a solution of the starting material (XXVI) in 2N
hydrochloric acid in vacuo at 25° negligible hydrolysis occurred.

(b) A solution of (2R,6S5)-N-acetyl-2-methoxy-6-methylmorpholine (XXVII,
100 mg) in 2N hydrochloric acid (1 ml) containing rert-butyl alcohol (1 %) was stored
at 75°, and the n.m.r. spectrum was recorded after 15, 30, and 210 min. The solution
was then concentrated in vacuo at 25°. Since the n.m.r. spectrum of an aqueous
solution of the residue had no signals for O-methyl or N-acetyl protons, complete
hydrolysis was indicated. The extent of hydrolysis after 15 and 30 min was estimated
from the ratio of the integrated signals for the N-acetyl and acetic acid protons
{(z ca. 7.71 and 7.77, respectively).
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SUMMARY

Application in sequence of periodate oxidation, borohydride reduction,
tosylation, and treatment with sodium sulphide to methyl «-L-rhamnopyranoside
affords (2R,6S)-2-methoxy-6-methyl-1,4-oxathiane. Likewise, methyl 6-O-trityl-
a-D-glucopyranoside and 1,6-anhydro-f-D-glucopyranose were converted into
1,4-oxathiane derivatives. Acid-catalysed equilibration of (2R,6S)-2-methoxy- and
(2R,6S5)-2-acetoxy-6-methyl-1,4-oxathiane affords, in each case and in contrast to
structurally related tetrahydropyran derivatives, a mixture containing ca. 70% of
the cis (diequatorial) isomer.

Replacement of sodium sulphide by methanclic ammonia in the above reaction
sequence results in the conversion of the rhamnoside into (2R,6S)-2-methoxy-6-
methylmorpholine. The behaviour of the free amine and the N-acetyl derivative on
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acid hydrolysis is described. At low temperature, the n.m.r. spectrum of the N-acetyl
derivative is consistent with the existence of geometrical isomers.
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INTRODUCTION

The cell walls of many higher land-plants have been shown to contain
polysaccharides known as the xylans. These are polymers of f-p-xylopyranose
residues; xylans from different plants differ in fine structure and in average degree
of polymerisation. Most work has been done on xylans from the Angiosperms, the
Gymnosperms', and the Gramineae'-2. Generally, the xylans from the Angiosperms
have terminal 4-O-methyl-D-glucuronic acid residues on some of the C-2 positions
of the D-xylose residues of the main chain; those from the Gymmnosperms have, in
addition, terminal L-arabinofuranose residues attached to C-3 positions. The xylans
from the Gramineae have a lower proportion of L-arabinose residues than is found
in the wood xylans, and they contain not only residues of 4-O-methyl-p-glucuronic
acid, but also of D-glucuronic acid. Some of these xylans contain L-arabinose residues.
There is evidence that certain of the xylans have branches of D-xylopyranose residues
and, in view of recent work, even where the xylans were believed to be unbranched,
it may be that the evidence requires to be reconsidered3. Our studies relate to work
on the hkemicelluloses from a fern, bracken (Preridium aquilinum), and, in the present
paper, to an acidic xylan from that source. The hemicelluloses from cinnamon fern
have been studied by Timell1%, and a brief study made of polysaccharides from other
ferns.

RESULTS AND DISCUSSION

The dried stems of bracken were milled, delignified, and treated with aqueous
sodium hydroxide under nitrogen. The polysaccharides extracted by 49, alkali
contained 169 of uronic acid residues. The main sugar in a hydrolysate was xylose,
and there were smaller amounts of acidic components, mannose, glucose, and
galactose, and a trace of arabinose. By contrast, polysaccharides then extracted by
10%, alkali, on hydrolysis, yielded acidic components, equal amounts of xylose and
mannose, a smaller amount of glucose, and traces of arabinose and galactose. The
former material was the source of an acidic xylan now reported on, and the latter
the source of a glucomannan to be dealt with in a later paper.

*Present address: Fisons Pharmaceuticals Ltd., Holmes Chapel, Cheshire, England.
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By addition of dilute acetic acid to an alkaline solution of the material extracted
by 4% alkali, a xylan-enriched precipitate was obtained, and several repetitions of
this procedure led to the isolation of the water-soluble xylan subsequently studied.
A hydrolysate of this material contained xylose, acidic components, and a trace of
arabinose. In addition, there was a small proportion of glucose, which arose from
a contaminating polysaccharide later removed during the methylation procedures.
The xylan was homogeneous when examined by glass-paper electrophoresis-in borate
buffer.

By quantitative decarboxylation studies? and by methylation analysis, the
Xylan was found to contain approximately one uronic acid residue to every seven
xylose residues. On hydrolysis, a sample of the xylan gave three acidic products,
which were separated from neutral sugars by use of an anion-exchange resin and
then fractionated by paper chromatography. An aldobiouronic acid was identified
as 2-0-(4- O-methyl-z-D-glucopyranosyluronic acid)-p-xylose by its chromatographic
behaviour and by the formation of the crystalline acetate of its methyl ester methyl
glycoside. Hydrolysis of the reduced methyl ester methyl glycoside gave xylose and
4-0-methyl-D-glucose, in equimolar amounts. Other acidic components weie con-
cluded to be a related aldotriouronic acid and 4-O-methyl-D-glucuronic acid.

After an extended methylation procedure, the product was fractionated
(Table II) by dissolution in mixtures of chloroform and light petroleum, and a
fraction having a methoxyl content of 38.39/ (theoretical, 39.29%,) was methanolysed
and hydrolysed. It yielded the components shown in Table I, and these were separated
chromatographically and identified as detailed later; together, they accounted for
94%, of the material hydrolysed.

TABLE I
FRACTIONATION OF METHYLATED SUGARS

Fraction Component Weight (mg) Molar percent
I 2,3,4-Tri-O-methyl-p-xyloses 37 1.8
2 2,3-Di-O-methyl-p-xylose 1495 777
3 3-0-Methyl-D-xylose? 75 4.2
4 2-0-(2,3,4-Tri-O-methyl--p-glucopyranosyluronic 656 15.9

acid)-3-0-methyl-p-xylopyranose

aPlus a trace of 2,3,5-tri-O-methyl-L-arabinose. PPlus a trace of 2-O-methyl-p-xylose.

The isolation of 2,3-di-O-methyl-D-xylose indicates that, in common with
other land-plant xylans hitherto investigated, the polysaccharide consists of a chain
of (1 —»4)-linked p-xylopyranose residues!-2; the negative specific rotations of the
parent xylan and of the methylated derivative indicate that the principal mode of
linkage is by f-p-xylosidic bonds. The 2,3,4-tri- O-methyl-D-xylose must be derived
from terminal, non-reducing residues of xylose. An unbranched xylan would have
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only one such residue and, on the basis of the methylation evidence, would have a
degree of polymerisation (DP) of 64. That the molecule was unbranched was also
indicated by the molecular-weight determination by ebulliometry® on the methylated
xylan; this indicated the DP to be ca. 42. Foaming of the benzene solution diminished
the accuracy of the determination, but the value obtained indicates the molecule to
be unbranched. Periodate-oxidation studies on the xylan gave a DP of 67 (assuming
the molecule to be unbranched), a value in excellent agreement with that obtained
by the methylation analysis.

A common problem in methylation analysis of xylans is that the proportion
of mono-O-methyl-D-xyloses is in excess of that which can be accounted for by a
fully methylated structure. In this work, 3-O-methyl-D-xylose equivalent to about
two residues per xylan molecule was isolated, but only a trace of 2-O-methyl-D-
xylose. Aspinall and Carter® obtained similar results when studying the acidic xylan
from Norway Spruce. It is usual to attribute an excess of mono-O-methyl-D-xyloses
either to undermethylation of the xylan, or to demethylation?-8 during the metha-
nolysis and hydrolysis of the methylated xylan, but neither explanation can satis-
factorily account for preponderance of 3-O-methyl-D-xylose over the 2-O-methyl ana-
logue. Demethylation would not be expected to lead to such selectivity. It is even less
likely that undermethylation is the cause of such disparity, as much evidence® shows
that, during methylation of xylans or of cellulose, the C-2 hydroxyl group is much
more readily attacked than that at C-3. Another possible explanation is that 2,3,4-
tri-O-methyl-D-glucuronic acid is liberated, together with an equimolar amount
of 3-O-methyl-D-xylose, but this explanation can be discounted, as no significant
amount of such a urconic acid was detected. Should the hydrolysis of the methylated
xylan be accompanied by simple decarboxylation of the acid residues, these would yield
2,3,4-tri-O-methyl-b-xylose, accompanied by an equimolar amount of 3-O-methyl-
D-xylose from the adjacent residue on the main chain. There is insufficient tri-O-
methyl-D-xylose for this to be a principal cause. It is suggested that, under the con-
ditions pertaining during the later, non-aqueous stages of methylation, the acidic
groups of the xylan, or possibly the acidity of the sclvent, may have catalysed an
esterification of certain of the C-2 hydroxyl groups by uronic acid residues. If such
an esterification does take place, it could lead to the blocking of C-2 hydroxyl groups
and permit the preferential methylation at C-3. Recent work by Timell® indicates
that there is a preferential loss of 2,3,4-tri-O-methyl-D-xylose during hydrolysis
procedures. If such a loss occurred in the present case, it would indicate that, on
average, the xylan molecules have a single side-chain attached to a C-2 position of
a xylose residue on the main chain, the chain being terminated by a xylopyranosyl
residue. Neither molecular-weight nor periocdate-oxidation evidence supports such
a structure in the present instance.

The trace of 2,3,5-tri-O-methyl-L-arabinose found in the hydrolysate indicates
that such residues occur as terminal arabinofuranosyl residues. In view of the struc-
tures reported for many other xylans!-2, and particularly the structure of the cin-
namon-fern xylan9, it is probable that the attachment is directly to the main chain
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by a (1—3)-glycosidic linkage. This would accord with the finding of a small pro-
portion of 2-O-methyl-pD-xylose, although other explanations are possible.

The isolation of 2-0-(4-O-methyl-e-D-glucopyranosyluronic acid)-D-xylose
and of 2-0-(2,3,4-tri-O-methyl-a-D-glucopyranosyluronic  acid)-3-O-methyl-D-
xylopyranose shows that the 4-O-methyl-D-glucuronic acid residues in the xylan
occur as single-unit side-chains linked to D-xylose residues in the main chain by
e-(1 — 2)-glycosidic bonds.

In summary, the xylan has a chain of f-(1—4)-linked p-xylopyranose residues,
one in every seven of which, on average, has a terminal 4-O-methyl-D-glucuronic
acid residue at C-2. A few of the xylan molecules carry terminal L-arabinofuranosyl
residues, probably linked to the main chain by (1—3)-glycosidic linkages. The results
of periodate-oxidation studies are in good agreement with those from methylation
analysis. The reduction of periodate was 0.87 mol. per sugar residue; the structure
propesed for the xylan would lead to the reduction of 0.88 mol. A DP of 67 was
found from methylation and periodate-oxidation studies; the value, obtained by
ebulliometry, for the methylated xylan was lower.

The structure of the bracken xylan is similar to that of the xylan from cinnamon
fernl0, but the latter has a higher proportion both of residues of arabinose (3%)
and of uronic acid {ca. 179(), and also a higher DP (ca. 130). Timell reported that
the L-arabinose content of bracken xylan was lower than that of cinnamon fern,
and the greatest care was taken throughout the present work to exclude conditions
that would promote the loss of L-arabinose residues. The occurrence of 4- O-methyl-
D-glucuronic acid and the absence of p-glucuronic acid point to the similarity of
the xylan from bracken to those from woods. Bracken xylan, with its low proportion
of L-arabinose residues, is intermediate between the arabinose-richer softwoods and
the normally arabinose-deficient, hardwood xylans. The DP of the bracken xylan
is lower than those of wood xylans, which range from 9o upwards; cereals and grasses,
on the other hand, contain xylans having similar degrees of polymerisation.

EXPERIMENTAL

Paper chromatography was performed on Whatman No. 1 and 3 MM papers,
and thin-layer chromatography (t.l.c.) on glass plates (20 X 5 cm) coated with Kieselgel
G (Merck, Darmstadt). The irrigants (v/v) used were (1) ethyl acetate—acetic
acid-formic acid-water (18:3:1:4); (2) butan-1-ol-ethanol-water (4:1:5); (3) butan-i-
ol-benzene-pyridine-water (5:1:3:3); (4) butan-2-one-water (2:1); (5) ethyl acetate—
pyridine—water (3.6:1.15:1). Chromatographic spray reagents were p-anisidine hydro-
chloride or alkaline silver nitrate. Gas chromatography!! was effected on a Pye
Argon Gas Chromatograph. The columns (120X 0.5 cm) contained as liquid phase:
A, 20% Apiezon M; B, 209 Carbowax 20M; C, butane-1,4-diol succinatell; the
support was either alkali-washed (4) or acid-washed (B andC) Celite (mesh 80-120).
The argon flow-rate was 30-60 mi/min. Electrophoretic examination of monosac-
charides and of oligosaccharides was carried out in either o.1M borax or in 0.05M
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sodium germanate bufferl?2 on sheets of Whatman No. 1 or 3 MM paper (30 cm
long) at 100—200 volts. Polysaccharides were examined similarly on Whatman GF/A
glass-paper (120 cm long), at 1,000-1,500 volts, and were detected by spraying with
alkaline potassium permanganate. Quantitative estimations of sugars in hydrolysates
were made by the phenol-sulphuric acid method!3. The uronic-acid determinations
were made by the method of Anderson er al.1. Optical rotations were observed at
18-+-3°. Polysaccharide samples were hydrolysed in sealed tubes with N sulphuric
acid for 12-16 h at 100°; the hydrolysates were neutralised with barium carbonate.

Isolation of hemicelluloses

Bracken was collected at the Hill of Fare (Aberdeenshire) in late August 1960.
The stems, cut in short lengths, were immediately immersed in acetone at —40°.
Enzymes were inactivated by immersing the cold, crushed stems in boiling alcohol.
The plantstuff was dried at 40° and reduced to a fibrous state by milling. Batches of
this plantstuff (4x 200 g) were delignified by treatment with sodium chlorite-acetic
acid in the usual wayl4. The temperature rose briefly to 60-65° and was thereafter
maintained at 30° and at pH 4.0 for 5 h. The residual material was again treated in
the same way, and the resultant holocellulose was washed successively with cold
water and alcohol and dried at 40°. Yield, ca. 500 g.

A portion (447 g) of the holocellulose was treated successively for 14-h periods
with 4% (3x51) and 109 (4x51) sodium hydroxide under nitrogen. The extracts
were carefully made nearly neutral with dilute hydrochloric acid and then made
faintly acid with acetic acid. Acetone (2 vol.) was added and the resulting precipitate
was collected, washed with ethanol and ether, and dried. Samples of the various
precipitates were hydrolysed, and the neutralised hydrolysates were examined by
chromatography. The 4% alkaline extracts were similar and were combined to give
Fraction I (83.3g, 18.5% of the holocellulose); [e¢]p —29.5° (c 0.81, N sodium
hydroxide and uronic-acid content, 16.0%. On hydrolysis,a sample gave xylose, glucose,
mannose, galactose, and arabinose, in the molar ratios of 6:1:2:1:trace, and three
other components, one of which was chromatographically indistinguishable from
4-O-methyl-pD-glucuronic acid. The 109 alkaline extracts were similar to one another
and were combined to give Fraction II. Fraction I was the richer in xylose residues,
and was the source of the xylan studied.

Isolation of the xylan

Preliminary studies ruled out the use of Fehling’s solution and of barium
hydroxide for the sub-fractionation of Fraction I. A sample (52 g) of Fraction I was
dissolved in water (2 1) and ethanol (2.4 1) was added. A gel formed and was reduced
in volume by the addition of an excess of acetone to give Gel A. Great difficulty was
experienced in obtaining a non-gelatinous precipitate. Gel 4 was dispersed in water
(2 1), and glacial acetic acid (400 ml) was added. The precipitate (4P) that formed
was separated by centrifugation. The supernatant solution, on treatment with acetone
(2 vol.), yielded a precipitate (4S) which was washed and dried as earlier. The
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proportion of hexose residues in Fraction I was much higher than in the derived
fraction (4Pr). The latter material was dispersed in water (800 ml), and 2N sodium
hydroxide (160 ml) was added, followed by glacial acetic acid (400 ml). The 1esulting
precipitate (4P2) was washed and dried. Similar, further fractionations yielded,
successively, Fractions AP3 and 4P4, hydrolysates of which were chromatographi-
cally indistinguishable. Fraction APg4 (16.3g, 5.7% of the holocellulose) had
[«¢]p —53.6° (¢ 0.91, N sodium hydroxide). Whereas Fraction I contained two electro-
phoretically separable components, Fraction 4P4 contained only one component.
The electrophoretic homogeneity of the material in Fraction 4P4 was further indic-
ated .by excision of the areas of paper corresponding to the leading and trailing edges
of the migrated material. The polysaccharide was eluted from both areas, hydrolysed,
and examined chromatographically; the hydrolysates were indistinguishable. Fraction
AP4 was selected for further studies, and is hereafter called ‘the xylan’.

Examination of the xylan hydrolysate

A sample (1.35 g) of the xylan was treated with N sulphuric acid (6o mi, 12 h
at 100°). After neutralisation with barium carbonate, the hydrolysate was passed
through a column Amberlite IR-120(H* form). The concentrated eluate was applied to
a column of Amberlite IR-4B (acetate form) which was then washed with water to
remove neutral sugars. Acidic components were eluted by irrigation with 30%
acetic acid. Paper chromatography (Irrigant 1) revealed three acidic components
having Rx,: values: A4, 1.30; B, 0.67; C, 0.18. They were fractionated on paper
chromatograms (Irrigant 1). Yields: 4, 35 mg; B, s6 mg; C, 5meg.

Acid A. The acid was indistinguishable on chromatograms (Irrigants 1 and 3)
from 4-O-methyl-D-glucuronic acid and had [«xlp -+40° (c 0.9, water). The acid
(35 mg) was treated (6 h) with boiling 3% methanolic hydrogen chloride (92.5 ml),
and the solution was neutralised with silver carbonate. After concentration, the
solution was treated with sodium borohydride (10 mg) for 18 h. The excess of reduc-
tant was destroyed by Amberlite IR-r20(H* form), the resin and solvent were
removed, and the borate was volatilised as methyl borate. The product on hydrolysis
was chromatographically indistinguishable (Irrigants 1 and 3) from 4-O-methyl-
D-glucose.

Acid B. The acid (56 mg) had [«]p +101° (¢ 1.5, water). Iis chromatographic
behaviour indicated it to be an aldobiouronic acid. A sample (5 mg) was converted
into the methyl ester methyl glycoside and then reduced with sodium borohydride.
After deionisation, the product was hydrolysed with N sulphuric acid at 100°.
Chromatographic examination (Irrigants 1 and 3) of the hydrolysate indicated equi-
molar amounts of 4-O-methyl-D-glucose and of D-xylose. Another sample (51 mg
of the acid was converted into its methyl ester methyl glycoside and treated in freshly
distilled pyridine (0.75 ml) with acetic anhydride (0.25ml). The products were
partitioned between chloroform and water, and, from the chloroform, a crystalline
product was obtained, which on recrystallisation from ethanol-ether, had mp
200-202° and [«lp +106° (c 1.0, chloroform); these values correspond with those

Carbohydrate Res., 2 (1966) 24—34



30 I. BREMNER, K. C. B. WILKIE

for methyl 2-0-(2,3-di-O-acetyl-4-O-methyl-z-D-glucopyranosyluronic acid)-3,4-di-
O-acetyl-D-xylopyranosidel5. The infrared spectrum was similar to that reported
for an authentic sample of the above compound?s.

Acid C. The acid (5 mg) was reduced through its methyl ester methyl glycoside

ac ahAauva Tha mradnnat An hudealasic vialdad AAammanante whicrh wara chramatn
as aolove. iine proGuli, O nYGroiysis, YidiGeéa Componenis wimln wic Chniliiac O

graphically indistinguishable (Irrigants 1 and 3) from xylose and 4-O-methyl-D-
glucose (molar ratio, 2:1).

Periodate oxidation of the xylanlé

A sample (115 mg) of the xylan, dissolved in water (50 ml), was treated in the
dark at 5° with o.2M sodium metaperiodate (50 ml). Samples (5 ml) were withdrawn
at intervals, and the amount of periodate consumed (mol. per residue, assuming the
ratio of uronic acid to pentose residues to be 1:7) was as follows: 0.69 (27 h);
0.90 (70 h); 0.91 (99 h); 0.94 (147 h); 1.03 (243 h); 1.06 (336 h).

A sample (226 mg) of the xylan, dissolved in water (250 ml), was treated with
potassium metaperiodate (1.44 g) in the dark at 5°. Samples (20 ml) were withdrawn
at intervals, and the liberated formic acid was determined. The results are expressed
as the number of sugar residues per mol. of formic acid liberated (assuming the ratio
of uronic acid to pentose residues to be 1:7): 48.2 (20 h); 31.7 (38 h); 33.5 (86 h);
33.5 (158 h); 31.7 (188 h). A value of 33.5 was obtained on extrapolation to zero
time.

Methylation of the xylan

A sample (10 g) of the xylan was methylated with 409 sodium hydroxide
(rox 150 ml) and dimethyl sulphate (10X 100 ml). The product had OMe, 28.0%,.
Methylation was continued by using methyl iodide (100 ml), methanol (5 ml), and
silver oxide (25 g), and boiling under reflux. Further additions were made daily of
methyl iodide (14 X 25 ml) and of oxide (14X 25 g). The methylated product (7.24 g)
had OMe, 38.895. It was fractionated by dissolution in mixtures of chloroform
and light petroleum (b.p. 60-80°), and the soluble material was recovered?!d.

TABLE 11

FRACTIONATION OF METHYLATED XYLAN

Fraction Chloroformflight petroleum (v/v) Weight, mg OMe, & [elp (chloroform)
1 1/s 50.2 — —

2 i/a 37-3 — -

3 2/7 1198 38.3 —36.4 (¢ 1.15)

4 1/3 3644 38.1 —33.9 (c 2.66)

Samples (10 mg) of all fractions were dissolved in 729, sulphuric acid (0.2 ml),
and, after 30 min, the solution was diluted to 129 and heated at 100°. Chromato-
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graphic examination (frrigants 1 and 2) showed that Fractions 3 and 4 were similar,
but different from Fractions 1 and 2. The hydrolysates of the former fractions had
components which were chromatographically indistinguishable from 2,3,4-tri-O-
methyl-D-xylose, 2,3-di-O-methyl-D-xylose, 2-, and/or 3-, O-methyl-D-xylose(s),
and 2,3,5-tri-O-methyl-L-arabinose (trace). A methylated, acidic component was
present. The hydrolysate of Fractions 1 and 2 appeared to contain in addition a
trace of tri-O-methylhexose. Fractions 3 and 4 were combined and used in all sub-
sequent work.

Hydrolysis of the methylated xylan )

A sample of methylated xylan was boiled under reflux with 1.5% anhydrous
methanolic hydrogen chloride. The methanolysate (2.72 g) was saponified with
saturated barium hydroxide (50 ml) at 60° for 2 h, neutralised with solid carbon
dioxide, and deionised with Amberlite IR-120 (H* form). An unsuccessful attempt
was made to separate the acidic and neutral glycosides on a column of Permutit
De-Acidite E (acetate form). The recovered eluate was hydrolysed with N sulphuric
acid (50 ml) for 16 h at 100° and neutralised with barium carbonate. On concen-
tration, it gave a pale brown syrup.

Fractionation of the methylated sugars

The mixture of .nethylated sugars was fractionated chromatographically on
a cellulose column (70X 5 cm) by using light petroleum (b.p. 100-120°)-butan-1-ol
(7:3, v/v), saturated with water, as irrigant. The fractions that contained more than
one component were refractionated on Whatman No. 3MM paper (Irrigant 2).
Recovery, 949, (Table I).

Examination of the fractions from the hydrolysed methylated xylan

Fractiorn 1. The syrup had [«]p +18° (¢ 0.5, water). Paper chromatography
(Irrigants 1, 2, and 4), and t.l.c. on silica-gel (Irrigant 4), showed components indis-~
tinguishable from 2,3,4-tri-O-methyl-D-xylose and 2,3,5-tri-O-methyl-L-arabinose
(trace). The syrup crystallised on seeding with 2,3,4-tri- O-methyl-D-xylose and, on
recrystallisation from ether, had m.p. and mixed m.p. 89—90°. A sample (5 mg) of
the fraction was boiled under reflux for 6 h with 3% methanolic hydrogen chloride
(1 ml). The product was neutralised and the solvent removed. The retention times
of the methyl glycosides on gas chromatograms (liquid phases 4 and B, at 150°)
were identical with those of methyl 2,3,4-tri-O-methyl-pD-xyloside. A sample (2 mg
of Fraction 1 was demethylated with boron trichloride; only xylose was detectable
on a chromatogram (Irrigant 5) and on an electrophoretogram (borate buffer).

Fraction 2. The syrup had [«]p +23.7° (c 1.8, water) and, on seeding with
2,3-di-O-methyl-D-xylose, gave crystals having m.p. and mixed m.p. 80-82°. Chro-
matographic examination of the syrup on paper (Irrigants I, 2, and 4) and on silica-gel
plates {Irrigants 2 and 4) indicated the same compound. The methyl glycosides were
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formed and had retention-times on gas chromatograms (liquid phases 4 and B)
identical with those of methyl 2,3-di-O-methyl-pD-xyloside. The crystalline derivative,
2,3-di- O-methyl-N-phenyl-pD-xylosylamine, was formed and had m.p. 123° (ethyl
acetate).

Fraction 3. The syrup had [«]p +15° (c 0.5, water). A sample was chromato-
graphically indistinguishable from 2-O-methyl-D-xylose and 3-O-methyl-D-xylose.
Electrophoretic examination (borate and germanate buffers; 200 volts for 12 h)
showed components indistinguishable from 3-O-methyl-D-xylose and 2-O-methyl-
D-xy]ose (trace). After demethylation of a sample of the syrup, only xylose could be
chromatocraphlcally or electrophoretically detected. The major component was
characterised by conversion into crystalline 3-O-methyl-N-phenyl-D-xylosylamine,
m.p. 134° (from acetone).

Fraction 4. A sample (384 mg) was converted into the methyl ester methyl
glycoside (312 mg). A solution of the product in dry ether was reduced with lithium
aluminium hydride and, after the addition of water to destroy the excess of hydride,
was neutralised with dilute sulphuric acid. Insoluble salts were removed and, on
treatment with chloroform, the solution gave an aqueous and a chloroform extract.
The chloroform extract was dried and concentrated. The residue (136 mg), on
recrystallisation from ethyl acetate, gave colourless crystals of methyl 2-0-(2,3,4-
tri- O-methyl--D-glucopyranosyl)-3- O-methyl-D-xylopyranosidel3, m.p. and mixed
m.p. 164-166°; the infrared spectrum exhibited absorption maxima corresponding
to values quoted for an authentic sample. A slightly impure sample of the reduced
product was treated with sulphuric acid (12 h at 100°), and the neutralised hydrolysate
was examined by paper chromatography (Irrigants 1 and 2) and electrophoresis
(borate and germanate buffers). The principal products were indistinguishable from
3-O-methyl-D-xylose and 2,3,4-tri-O-methyl-D-glucose; a minor product was indis-
tinguishable from 2,3-di-O-methyl-D-xylose. A sample (16 mg) of the reduced methyl
ester of the aldobiouronic acid was treated in the dark at room temperature with
methyl iodide (33 ml) and silver oxide (33 g). The product was recovered by
extraction with chloroform and was hydrolysed with sulphuric acid. Chromatographic
(Irrigants 1 and 2) and electrophoretic examination (borate and germanate buffers)
of the hydrolysate indicated the presence of 2,3,4,6-tetra-O-methyl-D-glucose and of
3,4-di-O-methyl-D-xylose; traces of 3-O-methyl-D-xylose and 2,3,4-tri-O-methyl-
D-glucose were also noted and were assumed to have arisen from incomplete methyl-
ation.

The aqueous extract, referred to earlier in this section, was concentrated to
2 ml and treated with N sulphuric acid (2 ml) in a sealed tube (2 h at 100°). The hydrol-
ysate was neutralised and, on concentration, gave a syrup (108 mg) which, on
chromatographic fractionation (Irrigant 2), yielded four components.

Component a (26 mg) was chromatographically indistinguishable from 2,3,4-
tri-O-methyl-p-glucose (Irrigants 1, 2, and 4) and, on demethylation with boron
trichloride, gave only glucose. The methyl glycoside of component a gave two peaks
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on gas chromatograms (liquid phases 4 and B) which were indistinguishable from
those given by methyl 2,3,4-tri- O-methyl-D-glucopyranosides.

Component b (8 mg) was chromatographically indistinguishable from 2,3-di-
O-methyl-D-xylose.

Component ¢ (23 mg), [«lp +20° (¢ 0.5, water), was indistinguishable on paper
chromatograms (Irrigants 1 and 2) and on electrophoretograms (germanate and
borate buffers) from 3-O-methyl-D-xylose.

Component d (36 mg) appeared on chromatograms to be unreduced, methy-
lated uronic acid.

Molecular weight of the methylated xylan

The molecular weight of the methylated xylan, determined by ebulliometry,
was 6750+4-500. Due to foaming of the benzene solution of the methylated xylan
during this determination, there was an appreciable drift in the readings.
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SUMMARY

The acidic xylan from the stem of the fern Pteridium aquilinum is similar to
xylans from woods, but has a lower degree of polymerisation. It has a chain of
B-(1—4)-linked D-xylopyranose residues, one in every seven of which carries at its
C-2 position a 4-O-methyl-D-glucuronic acid residue. A few of the molecules carry
L-arabinofuranose residues, probably linked to the main chain by (1—3)-glycosidic
links. The degree of polymerisation, based on periodate-oxidation and methylation-
analysis studies, is about 67; a lower value was obtained by ebulliometric studies on
the methylated xylan.
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REACTION OF AMMONIA WITH SOME ACETYLATED AND
BENZOYLATED MONOSACCHARIDES

PART X*. ASSIGNMENT OF THE o-D CONFIGURATION TO THE
N-ACETYL-D-GLYCOFURANOSYLAMINES OBTAINED

ALBERTO S. CEREZO AND VENANCIO DEULOFEU

Departamento de Quimica Orgdnica, Facultad de Ciencias Exactas y Naturales, Perti 222, Buenos
Aires (Argentina)

(Received October 22nd, 1965; in revised form, January 3rd, 1966)

INTRODUCTION

‘When acetylated or benzoylated monosaccharides, and some of their derivatives,
are submitted to ammonolysis in methanol, the reaction products usually isolated are
the 1,1-bis(acylamido)-1-deoxyalditols. In a few cases, N-acylglycosylamines having
a furanoid or pyranoid structure have also been obtained. Examples of the production
of N-acylglycopyranosylamines are the formation of N-benzoyl-f-D-mannopyrano-
sylamine from 1,2,3,4,6-penta-O-benzoyl-x- or -f-p-mannose? or from hexa-O-
benzoyl-D-glycero-D-galacto-heptononitrile3, and of N-benzoyl-«-L-rhamnopyrano-
sylamine from 1,2,3,4-tetra-O-benzoyl-L-rhamnose4. To the best of our knowledge,
the only example in which a N-acyl-pD-glycofuranosylamine has been obtained in a
similar reaction is the formation of N-acetyl-D-glucofuranosylamine (Ia) by the
ammonolysis of acetylated bD-glucoses or derivatives, namely, 2,3,4,5,6-penta-O-
acetyl-D-glucosed, 1,2,3,4,6-penta-0O-acetyl-8-p-glucose®, hexa-QO-acetyl-D-glycero-bp-
gluco-heptononitrile 3, and hexa-O-acetyl-D-glycero-D-ido-heptononitriie?.

RESULTS AND DISCUSSION

We have now found that, by ammonolysis of I,2,3,4-tetra-0O-acetyl-g-D-
xylose, which has a pyranoid ring having the same group configuration as that of
D-glucose, two cyclic N-acetyl-D-xylosylamines are formed; these were obtained in
crystalline condition by applying partition chromatography to the products of the
reaction. This has a certain interest, because, when the classical methods of separation
were applied, ammonolysis of the acetylated derivatives of D-xylose has never
vielded crystalline products 5.8,

One of the glycosylamines now isolated proved to be the known N-acetyl-g-
D-xylopyranosylamine (I1b), and the other was found to be a N-acetyl-D-xylofurano-
sylamine (Ib). The two structures were readily differentiated by periodate oxidation
(Fleury-Lange method®); whereas the pyranosylamine consumed two moles of

*Part 1X, see ref. 1.
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periodic acid per mole and produced one mole of formic acid, the furanoid form
consumed only one mole per mole without formation of formic acid. Formaldehyde
was not detected in either case (chromotropic acid method?9).

R
)
HO 0
oH
NHCOCH3 HO I
oH

(I3, R=CHOH-CHy0H) (oa,R=H)
(1b,R=CHy0H) (IIb,R=COCH3)

It was found that the furanoid form was the «-D anomer and that the (formerly
known) N-acetyl-pD-glucofuranosylamine also has the «-D configuration at C-1.

The assignments were reached: (a) by determination of the optical rotation of
the polyaldehydes obtained on periodate oxidation of the N-acetyl-pD-glycosylamines
and, especially, of the rotation of the polyhydric alcohols produced by reduction
of the polyaldehydes with sodium borohydride; and (b) by application of Hudson’s
isorotation rules.

TABLE I
SPECIFIC ROTATIONS OF THE PRODUCTS OF OXIDATION AND FURTHER REDUCTION OF SOME
N-ACETYL-D-GLYCOSYLAMINES

[elp

N-Acetyl
derivative of Original Reduced

products Polyaldehydes®  polyaldehydes®
B-p-Galacto- —95.4° —
pyranosylamine — 9.8 —97.3 ~10.8
B-p-Gluco- —95.6¢ —
pyranosylamine — 22.0 —05.4 — 9.4
B-p-Manno- —o08.9¢ —
pyrarosylamine — 47.8 —99.9 —10.6
f-p-Xylo- —39.3° -
pyranosylamine (IIb) — 1.0 —40.5 — 8.6
f-D-Lyxo-
pyranosylamined — 47.0 —43.3 —10.9
a-p-Galacto- +56.7% -
pyranosylamine (IV) +194.9 +59.2 + 9.3
e-D-Gluco-
furanosylamine (Ia) + 87.9 +10.7 + 9.5
a-D-Xylo-
furanosylamine (Ib) +100.0 +57.4 + 7.1

%Calculated on the basis of the weight of the original substance. See Reference 11. ¢See Reference 12.
4Compound prepared by S. Delpy (Ph. D. Thesis, University of Buenos Aires, 1962); m.p. 164—165°,
[a]g’ —47.0° (water).
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Frush and Isbell!! were the first to apply periodate oxidation to an investigation
of the anomers of N-acetyl-D-galactopyranosylamine. Later!2, they extended their
method to other N-acetyl-f-D-hexopyranosylamines. Some of the rotation values
obtained by them for the dialdehydes are indicated in Table I, together with some
determinations that we have performed which confirm their results.

When periodate oxidation was applied by Isbell and Frush!? to the N-acetyl-
B-D-xylopyranosylamine (IIb), a value of [«]p —39.3° was obtained for the dialde-
hyde; this is much lower than the average of [o]p —97.0° found for the dialdehydes
obtained from the N-acetyl-D-hexosylamines (see Table I). A similar rotation, [}
—43.3°, has been observed by us for the dialdehyde produced by periodate oxidation
of another pentose derivative, viz., N-acetyl-g-p-lyxosylamine.

‘We have elaborated this method slightly by reducing (with sodium borohydride)
the reactive aldehyde groups to the more stable alcohol groups, as was done by Smith
and van Clevel3 in their studies on the periodate oxidation of the methyl glyco-
pyranosides. In the alcohols, the only asymmetric carbon atom is the formerly
anomeric carbon atom, because, for the hexoses, the original asymmetiry of C-5 is
eliminated by the reduction. :

oH
HOHaC o " GHo0H
I0 n 0
am 24, l( >‘ s
H
HC:0 oH NHCQCHg oH
s NHCOCHg
(m) % ()

o=cH o HOHZC ) H

H
(Ia) = K j - K y
H NHCOCH3 NHCOCHg

H
HC=0 0=CH H0H2C CH0H

(o) (xm)

When this procedure was applied to N-acetyl-x-D-galactopyranosylamine (IV),
the anomeric configuration of which is known!?, and to N-acetyl-D-xylofuranosylamine
(Ib) and N-acetyl-D-glucofuranosylamine (Ia), the resulting alcohol (VI), common
to all three, had a positive rotation of [xjp +7.1° to +9.5°; in our opinion, this
result permits assigning of the «-D configuration to the anomeric carbon atom of
both of these furanosylamines.

Compounds (Ib) and (IV) must afford the same dialdehyde (1II) by periodate
oxidation and, in fact, the same rotation was recorded at this stage for both substances
(see Table 1).

The application of Hudson’s rules to the determination of the configurations
of the furanose compounds has not given an agreement such as that described by
Isbell and Frush!?2 for a series of glycosylamines, but the results obtained confirm,
in our opinion, that both of the N-acetyl-p-glycofuranosylamines are the «-D anomers.

For the contribution (to the rotation) of the anomeric carbon atom, we have
used the A values obtained by them!! for the anomeric pair of N-acetyl-p-gal-

Carbohydrate Res., 2 (1966) 35—41



38 A. S. CEREZO, V. DEULOFEU

actopyranosylamines, namely, +204°. To calculate the rotation of the N-acetyl-o-p-
glucofuranosylamine, we employed the B value derived from the anomeric methyl
D-glucofuranosides'4, namely, -39° and also from the two ethyl D-glucofuranosides?s,
namely, -+16°. When the first B value was used, a calculated value of [#]lp +243°
was obtained for the N-acetyl-a-D-glucofuranosylamine; the second B value gave
[#]lp +220°. Both results are in good agreement, in sign and order of magnitude,
with the experimental value of [¢]lp 1+ 194°. For the 8-p anomer, the [¢]p calculated
is —165° and —198°, respectively.

For N-acetyl-a-D-xylofuranosylamine, a B value of +76° was employed, derived
from the anomers of methyl D-xylofuranosidelS. This gave a calculated value of [¢]p
+4-280°, as against the experimental value of [¢]p +191°. (The vaiue calculated for the
B-D anomer is [¢]p —128°)

The two N-acetyl-D-xylosylamines isolated from the ammonolysis of I,2,3,4-
tetra- O-acetyl-p-D-xylose are the stable products of a complex series of reactions,
and one of the peculiar aspects of their formation is that, while the furanoid form has
the «-p configuration, the pyranoid form is obtained as the $-p anomer. This is a
result of the different geometry of the intermediates which produce them, a geometry
which may be influenced by the number and position of the acetyl groups present.

It is worth noting, in connection with the S-D configuration of the pyranoid
form, that, for D-xylopyranosylamine, the equilibrium is displaced so much in favor
of the g anomer (ITa) that it is essentially the only one present in solution!2.

That the «-D anomer is exclusively produced when the furanoid ring is formed
is also interesting, because, if we suppose, for argument, that the ring is planar, then
the compound will have a rather strained structure in which there is one pair of
eclipsed substituents on each side of the ring, viz., the hydroxymethyl group and the
hydroxyl group at C-3 on one side, and the hydroxyl group at C-2 and the acetamido
group at C-1 on the other side.

The f-p anomer of the furanoid form will have three bulky substituents on one
side, although the acetamido group at C-1 will not be very close to the other two
(the hydroxymethyl group and the hydroxyl group at C-3).

A twist conformation will relieve part of the strain in both anomers, and a
Stuart-Brieglebmodel revealed that, in thisconformation, the f-Danomerislessstrained,
although the difference in energy content between the anomers must be small.

The favored formation of the x-D anomer has some similarity to the results
obtained by Bishop and Cooper!? on methyl glycosidation of D-xylose. They found
that, at the beginning of the reaction, methyl x-D-xylofuranoside is formed faster
than the #-b anomer, although the variation of free energy, in the interconversion of
both anomers, reflects a small difference of stability in favor of the latter. In the
course of time, this leads to a slight preponderance of the f-D anomer.

If the formation of N-acetyl-«-D-xylofuranosylamine is much faster than that of
the g-p anomer, it will, because of its stability to the conditions of ammonolysis,
remain as the only furanose anomer found among the products of the reaction
(even if it is thermodynamically less stable).
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EXPERIMENTAL

Melting points are uncorrected. Paper chromatography was performed on
Whatman No. 1 paper, using ethyl acetate-pyridine—water (10:4:3) as the solvent.
A 5:1:2 mixture!® of 0.3% methanolic silver nitrate, 169; (w/v) methanolic ammonia,
and 7% of sodium in methanol was used as the spray reagent.

Ammonolysis of 1,2,3,4-tetra-O-acetyl-g-D-xylose

1,2,3,4-Tetra-O-acetyl-g-D-xylose (7.3 g) was slowly added, with shaking, to
250 ml of methanolic ammonia (16% w/v). It dissolved very fast and, after being kept
for 5 h at room temperature, the solution was evaporated to dryness under diminished
pressure. The residue was well dried in a desiccator, and extracted with ethyl acetate
to remove acetamide. The insoluble fraction (4.73 g) was found by paper chromato-
graphy to contain three different products (Rr 0.57, 0.41, and 0.25) and a large pro-
portion of substances having a lower Rp. The residue was chromatographed on a
small column of cellulose (1.5 X 30 cm) and two eluates were collected, the first
containing the compounds of Rr 0.57 and 0.41 and the second, the products with
RF 0.25 (D-xylosylamine) or lower.

The first eluate, on evaporation, gave a residue showing an infrared spectrum
with strong amido bands; the second eluate was discarded, as these absorption
bands were absent from its spectrum. The dried residue from the first eluate (1.18 g)
was rechromatographed on a larger column of cellulose (3.5 X 65cm), and thefractions
that contained the substances with Rr 0.57 and 0.41 were collected separately.

N-Acetyl-«-D-xylofuranosylamine

The fractions containing the products with Rr 0.57 were evaporated to dryness.
The sirupy residue (which gave a negative spot-test with the aniline phthalate reagent)
crystallized on treatment with a small amount of absolute ethanol; prisms (0.4 g;
9.2%), m.p. 141-143°. After several recrystallizations from the same solvent, they
had m.p. 147-148° (cap.), 152—154° (Kofler); [oc]%’ -+ 100.0° (¢ 0.5, water).

Anal. Calc. for C;HiaNOs5 : C, 43.98; H, 6.81; N, 7.85. Found: C, 44.16;
H, 7.20; N, 7.33.

N-Acetyl-2,3,5-tri-O-benzoyi-a-D-xylosylamine was obtained by benzoylation in
the cold with the usual mixture of benzoyl chloride and pyridine. After three recrystalli-
zations from 1:1 methanol-water, the product had m.p. 139-141° (cap.), 141-143°
(Kofler); [of2) +31.1° (c 0.5, chloroform).

Anal. Calc. for CesHesNQg: C, 66.80; H, 5.00; N, 2.78. Found: C, 66.58;
H, 5.09; N, 2.94.

Fractions that, on paper chromatograms, showed a spot with Rr 0.41 yielded,
on evaporation, a sirup (0.51 g) which gave a positive reaction with the aniline
phthalate reagent. On treatment with sodium borohydride in the usual way, xylitol
(Rr 0.29) was produced; and this was readily separated, by chromotography on cellu-
lose, from the product with Rr 0.41. Evaporation of the fractions which contained the

Carbohydrate Res., 2 (1966) 35~-41



40 A. S. CEREZO, V. DEULOFEU

latter substance yielded a sirup, that, on treatment with absolute ethanol, gave
0.14 g (3.1%) of crystals of m.p. 206208°. Recrystallization from the same solvent
produced plates of m.p. 212-213° (cap.), 218—220° (Kofler); [oJ20 —1.2° (¢ 0.5, water).
It was identified as N-acetyl-g-D-xylopyranosylamine by mixed m.p. and i.r. spectrum.
Isbell and Frushl2 gave m.p. 213°, [e]Jp —0.7° (water).

Oxidation of the N-acetyl-D-glycosylamines to aldehydes, and subsequent reduction
to polyhydric alcohols

To o.r mmole of the N-acetyl-p-glycosylamine, 3.5 ml (0.35 mmole) of 0.1 N
sodium periodate was added, and the solution was kept at 10° in the dark; the optical
rotation was measured at fixed intervals of time for 36 h. A coustant rotation was
observed for the N-acetyl-D-glycopyranosylamines after 2 h; but, for the furanoid
compounds, the consumption of periodate was slower, and the final values of the
rotations were obtained only after 24 h (see Table I). The solution was then made
alkaline by adding 10 mg of sodium hydrogen carbonate, and treated with 10 mg
of sodium borohydride. After the mixture had been kept for 2 h, the rotation was
recorded; it remained constant for at least 24 h. Simultaneously with recording of
the polarimeter readings, the oxidations were conirolled by the determination of the
consumption of periodate (using Aspinall and Ferrier’s spectrophotometric method!9).

SUMMARY

The N-acetyl-D-glycofuranosylamines produced in the ammonolysis of acety-
lated D-xylopyranose and acetylated p-glucopyranose have been found to be the
«-D anomers. These assignments were obtained by destroying the asymmetry of all
of the carbon atoms but the anomeric one (by periodate oxidation) followed by
reduction of the resulting aldehydes with sodium borohydride, and comparing the
optical rotations of the resulting products with those of known configuration. Appli-
cation of Hudson’s isorotation rules led to the same resuit. In the ammonolysis of
tetra- O-acetyl-f-D-xylopyranose, the known N-acetyl-B-D-xylopyranosylamine is also
produced.
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INTRODUCTION

A “xylosylserine” of unknown linkage was isolated by Rodén et a/.t from partial
hydrolysates of heparin and cartilage fractions. It was assumed that the O-xylosyl
serine glycosidic bond constitutes one of the covalent linkages between peptide and
polysaccharide chains in the above mentioned and similar protein polysaccharide
complexes. The hydrolysis products of the isolated material showed a molar ratio
of serine: xylose of 1:1I, and the compound was readily separated from serine on
Dowex-50 resin, by paper chromatography, or paper electrophoresis. The o.r.d.
behavior of the “xylosylserine” was compared with that of methyl §-pD-xyloside and
L-serine and strongly indicated that the configuration of the p-xylosyl linkage was 8
and that the natural product had the L-serine S-pD-xylopyranoside structure. In order
to prove the structure of the isclated compound, we undertook the synthesis of both
the « and # anomers of L-serine D-xylopyranoside. At the same time, the L-serine
B-D-xylopyranoside was desired as starting material for experiments involving the
alkaline cleavage (S-elimination) of polysaccharide—protein complexes from cartilage.

The projected synthetic route is shown in the accompanying diagram. Formation
of the S-p-glycosidic bond is favored by the Koenigs—Knorr reaction2—5, but we
hoped to isclate the a-D-anomer as well, since this is usually formed in the reaction.

O
—a ?
7 =
e vl a
NH O
© Pt Ag2€0; . 0, o——cma—clz—c—o—cw2
OAc + HO—CH;—C—C—O—CH, OAc
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OAc QAc
(Pd-C) § Hy
NHY  coo- ""T;
C Q_Q— —C— -
Q, 0\ PN NH O-—CHj (E [ole]s)
oH CHy, H - OAc u
HO {Methoncl) AcO
OH OQAc
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N-Benzyloxycarbonyl-L-serine-benzyl ester was used so that both the amino and the
carboxyl protecting groups could be removed in one step to yield the O-acetylated
“xylosylserines . Under mild alkaline conditions, these should yield the free “xylosyl-
serines”. The expected anomeric mixture may be resolved by crystallization or by
chromatographic separation.

EXPERIMENTAL

Solutions were evaporated in vacuo using a rotary evaporator. Melting points
were determined on a Fisher—Johns melting point apparatus. Amino acid analyses
were carried out on a Technicon amino acid analyzer (separation on Dowex 50 X-12
with buffer gradient) as well ‘as on a Beckman Spinco amino acid analyzer model 120 B
(separation on Dowex 50 X-8 with a fixed buffer). Descending paper chromatography
was performed using Whatman No. 1 and 3 MM paper in the following systems:
butan-i-ol-pyridine—water, 6:4:3 (Solvent A), butan-I-ol-acetic acid-water, §:2:1
(Solvent B), and butan-1-ol-ethanol-water, 10:3:5 (Solvent C). Electrophoresis was
carried out on Whatman No. 3 MM paper in 1.6 M acetic acid adjusted to pH 2
with formic acid, at 2030 V X cm™ for 2—3 h. Xylose assays were performed accor-
ding to a modified Mejbaum® procedure (orcinol reaction) using xylose standards. The
values given are averages of 10 measurements. Serine was determined on the Technicon
amino acid analyser after acid hydrolysis, using serine standards which were treated
with acid in the samg’way as the “xylosylserine” samples. Optical rotations and o.r.d.
were measured in & Cary 60 spectropolarimeter at 25°.

2,3.4-Tri-O-acetyl-c-D-xylosyl bromide?-8

A suspension of D-xylose (5 g) in acetic anhydride (30 ml) and acetic acid (20 ml)
was cooled in an ice bath, stirred, and a stream of dry hydrogen bromide gas blown
onto the surface of the suspension. After 30-60 min all the xylose was dissolved and
the hydrogen bromide content of the solution was then increased to saturation at o°.
The hydrogen bromide stream should be regulated in such a way that the whole
operation is over after 2 h, or 1 h after the xylose has gone into solution. The yellow
solution was allowed to warm up to room temperature and kept at that temperature
for another 2 h. The solvents were removed in vacuo at 50°, the oily residue was further
dried by codistillation three times each with toluene (30 ml) (distilled over sodium)
and finally dissolved in absolute ether (10 ml). After adding a boiling chip to promote
crystallization, the resulting ether solution was cooled to —70°. The white crystalline
precipitate which formed was filtered off under dry nitrogen. Yield 9.2 g (70%,) m.p.
99° []® ~+211° (¢ 1, chloroform).

L-Serine 2,3,4-tri-O-acetyl-8-p-xylopyranoside?-10
N-Benzyloxycarbonyl-L-serine-benzyl ester (Cyclo Chemical Corp.) (2 g) was

dissolved in dry, alcohol-free chloroform (100 ml). Silver carbonate (10 g) and Drierite

(20 g) were added, and the slurry stirred for 24 h at room temperature under protec-
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tion from moisture. Twice recrystallized 2,3,4-tri-O-acetyl-«-D-xylopyranosyl bromide
(5 g) was then added, the vessel was tightly closed (carefully greased ground joints),
and the reaction mixture was magnetically stirred for 16 days in the dark at room
temperature. Preliminary experiments had shown that the reaction had to be carried

At at o madarate tammaratirra far a rathar Tanag 4irmma T Ardar +A ramava tha aveace
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of 2,3,4-tri-O-acetyl-a-D-xylosyl bromide, absolute ethanol (100 ml) was added and
the mixture stirred for an additional 24 h. The slurry was centrifuged, the supernatant
was decanted, and the pellet was resuspended in alcohol and the suspension centrifuged.
The combined supernatants were evaporated in vacuo to a sirup which was extracted
thoroughly with hot water (300 mi). The latter treatment removed most of the ethyl
2,3,4-tri- O-acetyl-8-D-xylopyranoside as well as other compounds formed as by-
products. These compounds could also be separated by a rather involved chroma-
tographic process. The remaining sirup was dissolved in a mixture of ethanol and water
1:1 and hydrogenated for 24 h in the presence of freshly prepared 109 palladium on
charcoal catalyst. Prior to use, the catalyst was washed to neutrality with distilled
water saturated with nitrogen. The solution was filtered, washed with ethanol, and the
filtrate and washings evaporated in vacuo to a sirup. The sirup was extracted with
ether in order to remove the last traces of ethyl 2,3,4-tri-O-acetyl-g-D-xyloside and
other contaminants whereupon the sirup crystallized. Paper chromatography using
solvent (A) showed three major compounds, which could not be separated completely
by fractional crystallization from various solvents. The crude mixture (2 g) was
therefore dissolved in butan-i-ol saturated with water, mixed with microcrystalline
cellulose (5 g), and dried. The dry powder was placed on top of a cellulose powder
column (2.5 cm diameter), prepared from 50 g of cellulose, which had been equilibrated
for 24 h with butan-1-ol saturated with water. The column was developed with
butan-1-ol saturated with water, and fractions of 5 ml were collected. Fractions
15—30 contained most of the acetylated “xylosylserines”, but there was consid-
erable tailing. After collection of 8o fractions the column was washed with water,
and a second ninhydrin positive peak (serine) was obtained in fractions 9o-r1oo.
Fractions 15-30 were pooled, evaporated and dissolved in a minimum amount of
boiling absolute ethanol. The solution was seeded with a few crystals obtained from
tube 21. After a few days, a white crystalline compound precipitated; it was filtered,
washcd and dried with alcohol and ether, yield 250 mg (11.5%) m.p. 194° (dec.),
[cz]D —51° (¢ 0.33, water).

Fig. 1 describes the o.r.d. Xylose and serine assays showed a molar ratio of
xylose to serine of 1:1 (&= 3%)).

Anal. Calc. for CisH21010N: C, 46.28; H, 5.83; N, 3.86. Found: C, 46.23;
H, 5.84; N, 3.98.

The mother liquor was kept for the isolation of the «-D-anomer.

L-Serine f-D-xylopyranoside (I)
A small amount of the above triacetate was dissolved in absolute methanol and
ammonia gas was introduced at a fairly rapid rate while the vessel was cooled to —10°.
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The vessel was sealed and kept at +5° for 2 days, after which time the ammonia-
saturated methanol was evaporated in vacuo (bath temperature below 25°). The
sirupy residue crystallized after a few days and exhibited a variable melting point
220-230° (dec. at about 180°) which was dependent on the rate of heating. The compound
had the same mobility as the natural material “xylosylserine™ on paper chromato-
grams with Rserine 0.58 in Solvent A, 0.71 in Solvent B, and 0.73 in Solvent C. The
corresponding a-D-anomer (IT) was clearly resolved from both the natural and synthetic

Ampu
200 250 300 3?0 4?0 -4Slo
T T i
-100p —_—
25
@y -1
~-200f
25
[
~300}-
~400
-500}-

Fig. 1. O.r.d. of L-serine 2,3,4—tri—O-acetyl—ﬂ-n-xyIOpyranoside.
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Fig. 2. O.r.d. of natural (N) *“xylosylserine” and r-serine f-D-xylopyranoside (I).
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products, as well as from serine. The f-p-anomer had the -same mobility as the
natural material on electrophoresis in 1.6 M acetic acid and showed the same retention
volume on the Technicon amino acid analyzer (main peak at 2.5 h, two secondary
peaks at 2.3 and 3.4 h). Finally its o.r.d. gave the same general pattern as the natural
compound (Fig. 2) as well as being similar to that obtained by superimposing the
o.r.d. curve of methyl x-D-xylopyranoside on that of L-serine (Fig. 3).

Amp

2000

/ Methyl a-D- xylopyranoside

1000

T
=

/ /\\1\/ Methy! 8-0-xylopyranoside
I

100CH

Fig. 3. O.r.d. of synthetic L-serine «- and f-p-xylopyranoside (I and II), L-serine, and methyl «- and
[-p-xylopyranoside.

L-Serine a-D-xylopyranoside (II)

The mother liquors frem the crystallization of L-serine 2,3,4-tri-O-acetyl-f-D-
xylopyranoside were evaporated and the residue was dissolved in absolute methanol
and deacetylated with ammonia as described above. The sirupy residue did not
crystallize and on chromatography proved to be a mixture of two ninhydrin positive
substances which could be separated by preparative paper chromatography, on What-
man No. 3 MM sheets using Solvent A with a developing time of 40 h. A second
chromatography using solvent B for 70 h completely resolved the two fractions. The
major component (I) migrated with the same Rp as that of the natural material. A
minor component (II) had a slightly higher Ry value, Rgerine 0.71 in Solvent A,
0.82 in Solvent B and 0.83 in Solvent C. A third fraction was identified as L-serine.
The latter fraction could also be separated from “xylosylserines” using Dowex
50 X-12 (pyridinium form) and developing with a non-linear buffer gradient of 2M
pyridine acetate between pH 2.65 and 2.85. The separation of I and II could not be
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achieved by ion-exchange chromatography. However, such chromatography did
reveal a small peak moving just in front of either I or II. This peak showed the presence
of “xylosylserine” and was present in varying amounts depending on the conditions
of hydrolysis of the L-serine 2,3,4-tri-O-acetyl-D-xylopyranosides. II was separated
by preparative paper chromatography and finally purified by chromatography on
Dowex 50 X-12. This material exhibited an o.r.d. very similar to that obtained by
superimposing the o.r.d. curves of methyl D-xylopyranoside and L-serine. Therefore
the structure of L-serine «-b-xylopyranoside is assigned II, it has not yet been obtained
in crystalline form.

DISCUSSION

Jones et al?® synthesized L-serine 2-acetamido-2-deoxy-f-D-glucopyranoside
starting from 2-acetamido-3,4,6-tri- O-acetyl-2-deoxy-a-D-glicopyranosyl chloride and
N-benzyloxycarbonyl-L-serine-methyl ester. During alkaline hydrolysisof theacetylated
glycoside intermediate, partial g-elimination of 2-acetamido-2-deoxy-D-glucopyranose
occurred. This is in agreement with the findings of Riley et al.1l who observed -
climination as a side reaction during hydrolysis of N-benzyloxycarbonyl-O-(diphenyl-
phosphoryl) L-serine-methyl ester. This elimination could be prevented by prior
removal of the benzyloxycarbonyl group by catalytic hydrogenation.

A methyl ester group attached to the serine residue might enhance the tendency
to B-elimination while the carboxylate ion would protect the molecule by decreasing
the possibility of proton removal from the adjacent carbon atom.

N-Benzyloxycarbonyl-L-serine-benzyl ester was used as starting material so that
both protecting groups could be removed by hydrogenation. This sequence led to the
exclusion of any g-elimination but the bulky starting material was somewhat hindered.
The sluggish reaction gave a moderately low yield of the desired product and a
relatively high amount of the «-D-anomer was also obtained. I was the major product
and its o.r.d. behavior could be explained as a superposition of the o.r.d. curves
of methyl g-p-xylopyranoside and i-serine. In view of this, and since it derived from
a crystalline acetate, [cc]?i)5 —51° it was assigned the structure L-serine f-D-
xylopyranoside. II, which did not separate from I on Dowex 50 resin, but did separate
on paper chromatography had an o.r.d. curve which could be easily explained in
terms of a superposition of the curves of methyl «-D-xylopyranoside and L-serine,
and was therefore assigned the structure L-serine «-D-xylopyranoside (Fig. 3). In
preliminary experiments, a small amount of contamination of both I and II (identical
analysis) was detected on the Dowex-50 separations, but not on paper chromatography.
The fact that these contaminants disappeared as soon as milder deacylation conditions
were used, makes it most likely that they are the respective D-serine compounds.
Interestingly, the «-D- and f-D- anomers separate on paper but not on Dowex 50,
while the apparent diastereoisomeric pairs L-serine §-D-xylopyranoside and D-serine
B-p-xylopyranoside, separate on Dowex 50 but not on paper.
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SUMMARY

The synthesis of L-serine f-D-xylopyranoside as well as of its «-anomer is
described. Both compounds were compared with the natural material isolated from
heparin and from cartilage chondroitin sulfate. The natural material is identical with
L-serine f-D-xylopyranoside.
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FLUID BY PRONASE DIGESTION AND GEL FILTRATION
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INTRODUCTION

In previous studies!, we isolated hyaluronic acid, largely freed from proteins,
by repeated deproteinisation of human synovial fluids with 1,1,2-trichloro-1,2,2-
trifluoroethane. This method has the advantages that the presence of the organic
phase would be expected to denature any enzyme capable of degrading hyaluronic
acid and to prevent degradation by bacteria introduced after removal of the fluid
from the joint. Also, the end product is a representative sample of the whole range
of hyaluronic acid molecules originally present. One drawback to this procedure is
that normal and pathological fluids require different numbers of deproteinisations,
and the actual act of deproteinisation (by shaking in the presence of oxygen) might of
itself induce some degradation. In the present study, we sought to remove these
obstacles by using a fixed time of incubation with a proteolytic enzyme, pronase,
under sterile conditions and at a neutral pH. Our choice of pronase, in preference to
another wide-spectrum protease (for example, ficin), was guided by the knowledge that
pronase does not require a reducing agent, such as L-c/steine, for activation; L-
cysteine may participate in oxidative-reductive degradation® of hyaluronic acid.

MATERJALS AND METHODS
Buffers of standard composition3 were used in this work.

Behaviour of synovial fluid on Sephadex G-200

Synovial fluid (0.3 ml, from a patient having rheumatoid arthritis) was diluted
with M sodium chloride (buffered to pH 7 with 0.01M phosphate; 2.7 ml). The mixture
was centrifuged to remove tissue debris and then passed, under gravity flow at 4°,
through a column (2 x 50 cm) of Sephadex G-2c0 in the presence of the same buifer.
Fractions (4.5 ml) were collected and assayed for uronic acid by the Gregory* modifi-
cation of the Dische? carbazole reaction. Ultraviolet absorbance at 280 mu was meas-
ured in 1-cm cuvettes on a Unicam SP 500 spectrophotometer. The results are shown

in Fig. 1a.
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Time requirved for pronase digestion
Mixtures of pronase (Calbiochem, B grade; 7 mg), centrifuged synovial-fluid
(4 ml, from a patient having rheumatoid arthritis), and 7 m! of phosphate buffer

280mu 530mu
Q.2r \ Jj0.2
o1t a Hoa
[
2 f/ \ 2
a 50 100 150 5
kA Volume (ml) °
g 0o2r /ﬂ Hjo2 9
z §
o '\ b
oar 1 o1
x
/ A L
50 160 150

Volurne (mhb)
Fig. 1. Separation on Sephadex G-200 of untreated synovial fluid (g) and synovial fluid after pronase
digestion in Tris buffer (5). Optical density (o0.d.) at 280 mu (protein or peptide debris); x-x-x,
o.d. at 530 mu (uronic acid).

(o.11, pH 7 or pH 8, saturated with calcium chloride) were incubated for 50h (Table I);
the digests had pH 7 and 7.6, respectively. Samples (0.1 ml) were taken during the
digestion and diluted (to 5 ml), and the ninhydrin reactivity was assayed on 1-ml
portions by the method of Yem and CockingS.

TABLE 1
OPTICAL DENSITY AT 570 mu

1.5h 22 h soh
pH 7 0.23 0.58 0.64
pH 8 0.26 0.59 0.73

Pronase digestion of synovial fluid using phosphate buffer

Synovial fluid (6 ml, combined samples obtained from rheumatoid-arthritic
patients by aseptic aspiration) was mixed with a pronase (B grade) solution (4 ml;
2 mg/ml of phosphate buffer, 0.1 I, pH 7), previously sterilised by passage through a
Hemming filter. The mixture was centrifuged (10 min at 4° and 17 000 r.p.m. in an
MSE 17 ooo centrifuge), under sterile conditions, to remove tissue debris, aseptically
transferred to a sterile-dialysis apparatus?, and incubated at 37°. The outer compart-
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ment contained phosphate buffer (pH 7) saturated with calcium chloride. The buffer
was changed three times during the 48-h digestion. The product was freeze-dried and
reconstituted in water (6 ml). Half of this sample was then passed through a column
(50 X 2.4 cm) of Sephadex G-200 (Fig. 2a) with phosphate buffer (o.1 I, pH 7).

280muy 57C mu S30mu
o.4} 04} J0.4
a .o !
A !
o3t Y i 0.3F 10.3

02 10.2

04 101

> O1F , ; %
2 L N x S
2 o - 60 ©
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o =)
L =
B L loa &
o4 o 0.4
03- 03F 403

(o]} 20 40 60
Fraction

Fig. 2. Separation on Sephadex G-200 of synovial fluid after pronase digestion in phosphate buffer (a),
and redigestion of uronic acid peak (b). , 0.d. at 280 m,u} (u.v.-absorbance); x-x—x-, o.d. at
350mg (uronic acid); --------- , o.d. at 570 mu (ninhydrin).

Assays were performed, as described above, by measuring optical density at 280 my,
ninhydrin reactivitys, and uronic-acid content?. The fractions containing uronic
acid were combined and freeze-dried. The reconstituted material was then redigested
using purified pronase (Fractions 24—52, Fig. 3) and again passed through Sephadex
G-200 (Fig. 2b).
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Fig. 3. Separation on Sephadex G-75 of pronase.
570 my (ninhydrin); —e—e—e—, 0.d. at 413 mu reduction (haemoglobin).
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Purification of pronase on Sephadex G-75

The supernatant liquid from pronase (B grade, 12 mg) dissolved in phosphate
buffer (0.1 I, pH 7, 2 ml) was passed through a column (2.4 X socm) of Sephadex G-75
(bead form) under gravity flow with the same buffer. Fractions (50 drops; ca. 3.5 ml)
were collected, and the optical density at 280 mg and the ninhydrin reactivity® were
measured as above. Haemoglobin was used as a control for proteolytic activity;
a portion (1 ml) of every third fraction was added to 0.0079%; haemoglobin (5 ml) in
phosphate buffer (0.05 I, pH 8), and the mixture was incubated at 37° for 4 h. The
decrease in optical density at 413 mu was measured using 1-cm cells; the optical density
of a 19 solution of haemoglobin was taken as 83.3. The results are shown in Fig. 3.
Isolation of [Y4CY-hyaluronic acid from tissue culture.

Selected slices of tissue (0.5 g, wet wt.) from the synovial membrane of a healthy
subject were incubated for 7 h at 37° in a protein-free medium (5 ml) containing
[14Cl-D-glucose (50 uc), mineral salts, amino acids, insulin, and antibiotics. The
culture was transferred to sterile, Mickle-disintegrator tubes, sterile beads were added,
and the cells were disintegrated by 30 operations of 1-min duration, at intervals of
1 minute; the disintegrator was cooled® throughout by solid carbon dioxide. Using
sterile, phosphate buffer (pH 7, 5 ml), the suspension was washed into a digestion
apparatus, incubated with purified pronase overnight, and then passed through
Sephadex G-200, as described above. The results are shown in Fig. 4. Radioactivity
was determined by drying a 0.05-ml sample on a planchet and counting for 15 min in
an end-window counter.
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Fig. 4. Separation on Sephadex G-200 of tissue-culture digestion. ,0.d. at28ompu (u.v.-absorbance);
x-X-X,0.d.at 530 mu (uronic acid); - ,0.d.at 570 mu (ninhydrin); —e—e—e—, 0.d. at 413 mu reduction
(haemoglobiny; -......, radio-activity.

Pronase activity in Tris and phosphate buffers
Solutions of pronase (B grade) in Tris [tristhydroxymethyl)aminomethane]
—HCIl buffer (pH 7, 0.05 1) and in phosphate buffer (pH 7, 0.1 I) containing 1.4 mg/ml
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and 2.0 mg/ml, respectively, were prepared. Aliquot portions (0.1 ml) were added to
0.006%; haemoglobin solutions in Tris-HCl buffer (pH 8, 0.05 I) and in phosphate
buffer (pH 8, 0.1 I). The mixtures were incubated at 36° for 3 h, and the absorbances
at 413 mu were compared with those of the haemoglobin solutions after similar
incubation (Table II).

TABLE II
DECREASE IN OPTICAL DENSITY AT 413 mu

Buffer for enzyme Buffer for haemoglobin I.gmgiml 2 mgimi

Tris—-HCl Tris—HCl 0.115 0.154
Tris—HCl Phosphate 0.083 0.118
Phosphate Phosphate 0.073 0.094

Pronase digestion of synovial fluid in the presence of Tris buffer

Synovial fluid (5 ml, combined samples) mixed with sterile pronase solution
[7.5 ml; 1.5 mg of pronase-B/ml, tris—HCI buffer (0.05 I, pH 7.9)], which was 0.005M in
calcium chloride, was centrifuged at 4°, and equal aliquots were dialysed under
sterile conditions, overnight at 4°, against more of the same Tris buffer. The aim was
to remove any small molecules that could act as reducing agents (e.g., ascorbic acid)
and might participate in oxidative-reductive degradation of hyaluronic acid. All
digests were incubated at 37° for different lengths of time; the 24-h digest was given a
further change of buffer after 8 h. Viscosities were then measured on a 1-ml sample,
diluted to 1o ml with the Tris buffer, by using a suspended-level viscometer (water
flow-time, 183.50 sec) maintained at 20 - 0.002° in a water bath.

Sample oh 4h 8h 16 h 24 h
Specific viscosity 0.251 0.260 0.257 o0.170 0.186

The remainder (1.5 ml = 0.6 ml of synovial fluid) of the 8-h sample, with sucrose
added to increase its density, was passed through a column (2 X 50 cm) of Sephadex
G-200 at 4°, with M sodium chloride. Fractions (4 ml) were collected, and the uronic
acid content? and optical density at 280 mu were measured as above (Fig. 1b).

The fractions containing uronic acid were combined, dialysed, and freeze-dried.
The protein content of the preparation was determined by submitting a hydrolysed
sample to amino-acid analysis using the Technicon Autoanalyser, and corresponded

to 16.5%.
RESULTS AND DISCUSSION

It was found that a partial separation of the hyaluronic acid component from
the numerous proteins present in human synovial fluid could be accomplished by the
application of diluted aliquots to a Sephadex G-200 column (Fig. 1a). Hyaluronic
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acid is largely excluded from the gel and hence is eluted just before the synovial fluid
proteins whose molecular weight lies below 200,000. However, the possibility of
enzymic degradation? of the hyaluronic acid, particularly for pathological fluids,
during the process of separation, makes it advisable for digestions to be performed
under completely sterile conditions. Assays showed that such digestion with pronase
was largely complete after 48 h in phosphate buffer at pH 7,and the subsequent separ-
ation of a typical pronase-phosphate-digested synovial fluid is shown in Fig. 2a.
A ninhydrin scan showed that the hyalurcnic acid was, in the main, separated from the
protein debris, but the polysaccharide fractions were turbid, and a u.v.-scan of optical
density at 280 mu for proteins was therefore misleading. Absorption curves of isolated
fractions showed that the early fractions, which contained polysaccharide, showed
only a very broad absorption having a maximum in the 225-235 mu region, with
only a suggestion of an inflexion due to proteins at 280 mu, whereas subsequent
fractions, which contained protein debris, showed definite maxima at 280 mu.

The source of this turbidity was not impurities of high molecular weight in
the pronase (B grade), since passage of the enzyme through Sephadex G-75 (Fig. 3)
showed that such impurities were absent. Enzyme assay with haemoglobin indicated
that pronase-B contained at least two proteolytic components, together with larger
amounts of inactive peptides having lower molecular-weights. Redigestion of the syno-
vial-fluid hyaluronic acid, isolated after one treatment with pronase, still showed the
turbidity (Fig. 2a) associated with the hyaluronic acid, although more protein contam-
inant had been removed. The hyaluronic acid component isolated after one, two,
and three digestions with pronase reacted with the carbazole? (for uronic acid) and
ninhydrin® reagents (for amino groups) to give optical density ratios of 1:1, 4:1, and
10:1, respectively. Pronase is excluded on Sephadex G-50 and hence was found to be
eluted with the hyaluronic acid component of a pronase-digested synovial fluid.
Sephadex G-75 therefore represents the lower limit for a feasible separation of
hyaluronic acid and pronase, but Sephadex G-200 is much to be preferred for removal
“of the maximal amount of protein debris.

Whilst hyaluronic acid normally absorbs in the region 225-235 mu, due mainly
to contributions from the carbonyl groups of the 2-acetamido-2-decxy-D-glicose
(Zmax 220225 mu)and b-glucuronic acid (lactone, Amax 215 my) residues, the absorption
associated with the hyaluronic acid component, after digestion in pronase-phosphate,
is much greater than could be attributed to this source. It accompanied the [14C]-
hyaluronic acid isolated from a culture of normal, human, synovial tissue (Fig. 4).
The turbidity appeared to arise from the presence of calcium phosphate in the pronase
buffer.

Tris buffer was therefore investigated as a substitute for phosphate buffer.
Pronase then exhibited greater activity, and this feature, together with the higher
pH (7.9), enabled the incubation time for digestion to be shortened considerably.
As an additional precaution, the digests were dialysed overnight at 4° to remove
natural reducing-agents that might cause free-radical degradation of the hyaluronic
acid. Viscosity determinations showed that no degradation was evident after subse-
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quent incubation with pronase for 8 h at 37°. This incubation time was sufficient to give
an excellent separation thereafter on Sephadex G-200 (Fig. 1b). Furthermore, the
turbidity previousiy encountered with the hyaluronic acid had disappeared.
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SUMMARY

The isolation of hyaluronic acid from human synovial fluid by passage down
Sephadex G-200, following sterile digestion with pronase in Tris buffer (pH 7.9) for
8 h at 37°, affords a product without the occurrence of the enzymic or chemical
degradation that may accompany other methods of isolation. Use of phosphate buffer,
under similar conditions, gives turbid solutions of hyaluronic acid.
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Curamycin is the name given to an antibiotic substance produced by Strepto-
myces curacoil. Hydrolysis of curamycin with dilute hydrochloric acid yielded a
crystalline compound (curacin) and a water-soluble fraction from which three sugars
were isolated. Only one of the sugars was identified (as L-lyxose); the others were
designated D-curacose and sugar 1. The latter is still under study, but p-curacose
has been identified? as the hitherto unknown 6-deoxy-4-O-methyl-D-galactose on the
basis of chemical evidence.

Thefollowingstereospecificsynthesis of 6-deoxy-4-O-methyl-D-galactose confirm
this assignment of structure. The synthesis was achieved in two related ways. Benzyli

denation of methyl §-p-galactopyranoside (I) gave the known 4,6-benzylidene acetal
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(II) which, in the first method, was converted into methyl 2,3-di-O-benzyl-4,6-0-
benzylidene-g-D-galactopyranoside® (IV) on treatment with benzyl chloride and
sodium hydride in N,N-dimethylformamide. The n.m.r. spectrum showed that one of
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the benzyl groups (probably that at C-2) has a restricted rotation, because the signal of
one of the methylene groups appears as an AB system (¢ 5.24 and 5.04; J II c.p.s.),
whereas the other produces a singlet at 7 5.23.

Debenzylidenation of I'Vyielded methyl 2,3-di- O-benzyl-8-D-galactopyranoside3
(VD) which, on mono-p-toluenesulfonation afforded syrupy methyl 2,3-di-O-benzyl-
6-0-p-tolylsulfonyl-8-p-galactopyranoside (VIII). This, on desulfonyloxylation with
lithium aluminum hydride was converted into methyl 2,3-di- O-benzyl-6-deoxy-g-D-
galactopyranoside (IX), and thence, by methylation with methyl iodide and silver
oxide, into methyl 2,3-di-O-benzyl-6-deoxy-4-O-methyl-§-D-galactopyranoside (X).
Catalytic debenzylation? of the glycoside (X) gave methyl 6-deoxy-4-O-methyl-g-D-
galactopyranoside (XI) which, on hydrolysis with N hydrochloric acid, was converted
into 6-deoxy-4-O-methyl-D-galactose (XII), m.p. 132-133°, [oz]12)4 +102.6 — +80.6°
(final; ¢ 0.92, water). The melting point of the synthetic sugar was not depressed on
admixture with D-curacose. Galmarini and Deulofeu® reported m.p. 131-132°
[oc]2D4 +82.0° (¢ 1.0, water) for D-curacose.

The n.m.r. spectrum of the synthetic sugar in deuterium oxide showed that both
anomers were present; H-1 exhibited two resonance patterns corresponding to H-1
equatorial («-D form) and H-1 axial (8-D form), respectively. The signal of the former
gave a doublet at v 4.84 (J1,2 3 c.p.s.) and that of the latter appeared as a doublet
at v 5.50 (V1,2 8 c.p.s.). Measurement of the spectrum of the deuterium oxide solution
after 4 hrevealed an increase in the relative intensity of the f-p formdoubletascompar-
ed to the «-D form doublet, hence a shift of the equilibrium in favor of the equatorial
orientation of the hydroxyl group at C-1 had occurred; this shift accompanies the
mutarotation.

In the second approach, compound Il was converted into methyl 4,6-O-
benzylidene-2,3-di- O-p-tolylsulfonyl-S-nD-galactopyranoside (III) which, on debenzy-
lidenation yielded methyl 2,3-di- O-p-tolylsulfonyl-g-p-galactopyranoside3 (V). Mono-
p-toluenesulfonation afforded crystalline methyl 2,3,6-tri-O-p-tolylsulfonyl-8-D-
galactopyranoside (VII), which was exhaustively methylated with methyl iodide
and stlver oxide to give a syrupy product presumed to be methyl 4-O-methyl-2,3,6-tri-
O-p-tolylsulfonyl-f-D-galactopyranoside. The total methylation of compound VII
was not easy to accomplish, owing to the axial orientation of the hydroxyl group at
C-4, and was further hindered by the presence of the bulky p-tolylsulfonyloxy group
at C-6; this difficulty was also encountered for compound IX, although it was not so
marked as in the preceding case. On desulfonyloxylation with lithium aluminum
hydride and subsequent hydrolysis with N hydrochloric acid, methylated VII was con-
verted into syrupy 6-deoxy-4- O-methyl-D-galactose (XII). Partition chromatography
on cellulose yielded chromatographically pure X1I, which crystallized on nucleation.

The first method is the better, since the intermediates could be purified after each
step, leading to a better overall yield. The infrared spectrum and chromatographic
properties of the synthetic sugar were indistinguishable from those of D-curacose.
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EXPERIMENTAL

Melting points are uncorrected. Infrared spectra were recorded with a Perkin-
Elmer Infracord spectrophotometer. Nuclear magnetic resonance spectra were
determined in deuteriochloroform or deuterium oxide, with tetramethylsilane as the
external reference, using a Varian A-60 spectrometer. Thin-layer chromatography was
performed on silica gel, using benzene-methanol as the mobile phase; the materials
were detected with iodine vapor. Paper chromatography was performed on Whatman
paper No. 1 with 4:1:5 1-butanol-ethanol-water (upper phase), and the reducing
sugars were detected with aniline hydrogen phthalate. Solvents were usually removed
under diminished pressure below 50°.

Methyl B-p-galactopyranoside (1)

p-Galactose (100 g) was acetylated with acetic anhydride (s4¢ ml) and sodium
acetate (44 g). The penta-QO-acetyl-f-D-galactopyranose (120 g) had m.p.% 137-138°.
This compound was treated with 30329 hydrobromic acid in acetic acid (500 g),
and processed as already described®; the tetra- O-acetyl-a-D-galactopyranosyl bromide
had m.p. 80-81°. This compound (122 g) was dissolved in dry methanol (1.9 I),
and silver carbonate (116 g) and Drierite (10 g) were added. The mixture was stirred
overnight; the silver salts were filtered off and the filtrate was evaporated to a residue
(109 g) presumed to be methyl 2,3,4,6-tetra-O-acetyl-f-D-galactopyranoside. A
solution of this product in dry methanol (1.0 I) was saturated with ammonia, while
being kept at 0°. The solution was maintained for 20 h at room temperature. The
crystalline residue obtained on evaporation of the methanol was extracted with ether
(3 x 100 ml) and the extracts were decanted and discarded; the product was then
recrystallized from ethanol to give pure I (52 g), m.p. 178-179°, [ac]f)4 +1.2° (c 0.98,
water)?.

Methyl 4,6-O-benzylidene-f-D-galactopyrancside (1)

Methyl f-D-galactopyranoside (I, 47 g) was mixed with freshly distilled benzal-
dehyde (125 ml) and anhydrous zinc chloride (40 g), and the mixture was shaken
for 20 h. A saturated solution of sodium carbonate was added, and the insoluble
salts were filtered off and washed with warm methanol. The residue obtained on
evaporation of the filtrate was extracted twice with petroleum ether (b.p. 60-80°) and
the extracts were discarded; the solid residue was extracted with warm chloroform
(4 x 300 ml), the solid being filtered after each extraction. The chloroform solution was
dried (magnesium sulfate) and evaporated to aresidue which crystallized from ethanol,
yielding pure II (57 g). m.p. 203—205°, [cz]12)4 —30.1° (¢ 1.02, chloroform)2. The n.m.r.
spectrum showed the benzylidene tertiary proton at = 4.28.

Merthyl 2,3-di-O-benzyl-4,6-O-benzylidene-§-p-galactopyranoside (IV')
Compound II (30 g) was dissolved in N,N-dimethylformamide (1.0 1), and
50% sodium hydride in oil (50 g) was added in small portions. After 1 h, benzyl
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chloride (80 ml) was added dropwise, and the mixture was kept for 20 h at room tem-
perature. The excess of sodium hydride was decomposed by addition of methanol,
and the solution was evaporated. The residue was extracted with chloroform, and the
extract was washed with water, dried (magnesium sulfate) and evaporated. The syrupy
residue crystallized from petroleum ether (b.p. 60-80°) and was recrystallized (twice)
from ethanol, yielding pure IV (32 g), m.p. 135-136 °, [«12# +48.5° (c 0.92, chloroform)?
The n.m.r. spectrum showed an AB quartet (z 5.24, 5.04; J II c.p.s.) corresponding
to one of the benzylic methylene groups, the other appearing as a singlet at 7 5.23;
the tertiary proton (benzylidene) appeared as a sharp singlet at = 4.48.

Methyl 2,3-di-O-benzyl-f-D-galactopyranoside (VI)

A solution of 1V (30 g) in methanol (360 ml) and N hydrochloric acid (30 ml)
was heated for 5 h under reflux. Water (50 ml) and sodium hydrogen carbonate (1 g)
were added, and the mixture was concentrated to remove the methanol. Water (200 ml)
was added, and the mixture was again evaporated; this procedure was repeated three
times. The aqueous suspension was extracted with chloroform, and the extract was
washed with water and dried. Evaporation of the chloroform gave a syrupy residue
which crystallized from petroleum ether (b.p. 60-80°). The compound (21 g), m.p.
68—70°, [a]%‘* -+ 12.4° (c 1.12, chloroform)? showed in its n.m.r. spectrum the absence

of the one-proton signal at t 4.48, indicating the removal of the benzylidene group.

Methyl 2,3-di-O-benzyl-6-O-p-tolylsulfonyl-g-p-galactopyranoside (VIII)

Compound VI (20 g) was dissolved in dry pyridine (40 ml) and maintained
at o°whilea solution of p-toluenesulfonyl chloride (10.18 g) in dry pyridine (20 ml) was
slowly added. The mixture was kept for 5 days at room temperature, poured onto
ice-water and extracted with chloroform; the combined extracts were washed with
2 N hydrochloric acid and with water, and dried (magnesium sulfate). The residue
(21.9 g) obtained by evaporation of the chloroform was shown by t.l.c. to be a mixture
of the desired product with unreacted VI. The oily substance was chromatographed on
a silica gel (100—200 mesh) column with benzene-methanol mixtures. The chromato-
graphically pure compound (13.1 g), []3 +8.9° (¢ 0.99, chloroform) showed, in
the i.r. spectrum, bands at 3450 (hydroxyl), 1360, and 1175 cm~1 (sulfonyl).

Anal. Calc. for C23H3205S: C, 63.69; H, 6.10; S, 6.07. Found: C, 63.97; H, 6.30;
S, 5.90.

Methyl 6-deoxy-2,3-di-O-benzyl--D-galactopyranoside (1X)

Compound VIII (12 g) in dry ether-benzene (400:200 ml) was mixed with
lithium aluminum hydride (6 g) and the mixture was heated for 15 h under reflux.
The excess of lithium aluminum hydride was decomposed with ethyl acetate and ice.
The salts were filtered off washed with ether, and the filtrate was washed with water
and dried (magnesium sulfate). The syrupy residue (6.9 g) obtained on removal of the
solvent was distilled at 125°/1073 mm to give pure [X, [“]i2)4 +31.5°(c 1.08, chloroform).
Spectroscopy (i.r. and n.m.r.) showed the loss of the p-tolylsulfonyloxy group and
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the presence of a secondary methyl group (doublet at = 8.64, J 6.2.c.p.s.).
Anal. Calc.for C»Hg0s: C, 70.37; H, 7.31. Found: C, 70.63; H, 7.26.

Methyl 6-deoxy-2,3-di-O-benzyl-4-O-methyl-B-pD-galactopyranoside ( X)

Compound IX (3.76 g) was heated with methyl iodide (160 ml) and silver
oxide (7 g) for 2 days under reflux, additional amounts of silver oxide (2 X 1.5 g)
being added during the reaction. The cooled solution was filtered, the solid was
washed with ether, and the combined filtrates were evaporated to a syrup (3.8 g)-
Distillation (twice) of the syrup at 110-113°/10~3 mm afforded pure X, [az]%‘* +8.5°
(c 1.21, chloroform). The i.r. and n.m.r. spectra agreed with the assigned structure.

Anal. Calc. for C2HasOs: C, 70.90; H, 7.58; Found: C, 70.96; H, 7.27.

Methyl 6-deoxy-4-O-methyl-g-p-galactopyranoside ( XI)

A solution of X (2.88 g) in ethanol (220 ml) containing 5% palladium on
charcoal (1.5 g) was stirred for 2 days at room temperature with hydrogen under
slight pressure. The catalyst was filtered off, and the filtrate was evaporated to a
crystalline residue (1.8 g). Recrystallization (twice) from acetone-petroleum ether
(b.p. 60-80°) afforded XI (805 mg), m.p. 144~145°, [«]3} —14.6° (c 0.95, methanol).
The n.m.r. spectrum agreed with that expected for the proposed structure.

Anal. Calc. for CgH160s: C, 49.99; H, 8.39. Found: C, 50.00; H, 8.53.

Methyl 4,6-O-benzylidene-2,3-di-O-p-tolylsulfonyl-p-p-galactopyranoside (III)

A solution of II (15 g) in dry pyridine (45 ml) was treated with p-toluenesulfonyl
chloride (30 g) and the mixture was kept for 2 days at 36°. It was poured onto ice—
water and the crystalline precipitate was filtered off and washed with water. The
product (45 g) was recrystallized (twice) from ethanol, yielding pure III (22.5 g),
m.p. 165-165’, [«]3* +27.0° (¢ 1.18, chloroform)z23.

Methyl 2,3-di-O-p-tolylsulfonyl-p-D-galactopyranoside (V)

Compound III (16 g) in ethanol-water (180:300 ml) was treated with N hydro-
chloric acid (40 ml) and the suspension was heated for 4 h under reflux (after 2 h it gave
a clear solution). The ethanol was removed, and the aqueous solution remaining
deposited a crystalline precipitate on cooling; the solid was filtered off and washed
with water. The product was recrystallized (twice) from acetone-petroleum ether
(b.p. 60-80°) to give pure V (8.6 g), m.p. 140-142°, [¢]2} +19.4° (¢ 1.43, chloroform)3.

Methyl 2,3,6-1ri-O-p-tolylsulfonyl-f-p-galactopyranoside (VII)

In a typical experiment, compound V (1 g) in dry pyridine (2 ml) was cooled to
o° and p-toluenesuifonyl chloride (400 mg) was added in small portions. The mixture
was kept for 4 days at room temperature and poured onto ice-water; the crystalline
precipitate was filtered off, washed with water, and dried (1.34 g). Recrystallization
(twice) from ethanol afforded pure VII (450 mg), m.p. 166—168°, [oc]%"* +10.7° (¢ 1.08,
chloroform). The spectra agreed with those to be expected for the proposed structure.
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Anal. Calc. for CosHz201283: C, 51.20; H, 4.92; S, 14.65. Found: C, 50.91;
H, 5.12; S, 14.33.

When p-toluenesulfonyl chloride was used in excess8, the product obtained was
methyl 2,3,4,6-tetra-O-p-tolylsuifonyl-8-D-galactopyranoside, m.p.167-168°(depressed
by 10-15°on admixture with methyl 2,3,6-tri- O-p-tolylsulfonyl-g-D-galactopyranoside),
[«]2* +14.3° (¢ 1.01, chloroform), showing no hydroxyl bands in its ir. spectrum.

Anal. Calc. for C3sHagO1482: C, 51.84; H, 4.72; S, 15.82. Found: C, 51.96;
H, 4.71; S, 15.43.

6-Deoxy-4-O-methyl-p-galactose (D-curacose) (XII)

(a) From methyl 6-deoxy-4-O-methyl-f-D-galactopyranoside (XI). A solution of
XI(200 mg) in N hydrochloric acid (10ml) was heated in a water bath for 2h at go—100°.
After the solution had been cooled, it was neutralized with Dowex-3 (OH™) resin, and
the mixture was immediately filtered. The residue obtained on lyophilization of the
filtrate was taken up in boiling ethyl acetate; the hot solution was filtered through
Filtercel and the filtrate was kept at room temperature. The crystalline precipitate
(73 mg) was recrystallized from ethyl acetate. The pure XII (33 mg) had m.p. 132-133°
(undepressed on admixture with D-curacose), [o]2* +102.6 (10 min) — +80.6°
(final; ¢ 0.92, water). The spectra and chromatographic properties of the synthetic
sugar and D-curacose were indistjnguishable.

(b) From methyl 2,3,6-tri-O-p-tolylsulfonyl-g-p-galactopyranoside (VII). A
solution of VII (4 g) in methy! iofide (25 ml) and acetone (15 ml) was heated for 8 h
under reflux in the presence of silver oxide (2 g). The procedure was repeated four
times until the hydroxyl band in lthe i.r. spectrum disappeared. The solid was filtered
off and washed with acetone, and the filtrate was evaporated to a syrup (4.7 g). This
syrup was dissolved in dry ether{benzene (30:18 ml), and the solution was heated for
2 days under reflux in the presehice of lithium aluminum hydride (3.5 g). After the
excess of lithium aluminum hydtide had been destroyed with ethyl acetate and ice,
the salts were filtered off and washed with ether. The syrup (1.1 g) obtained on removal
of the sclvent had no p-tolylsulfényloxy bands in its i.r. spectrum.

This compound was hydroflyzed by refluxing it with N hydrochloric acid (15 ml)
for 2 h. The cooled solution was{1 neutralized with Dowex-3 (OH™) resin and filtered,
and the filtrate was evaporated to an oily residue (350 mg). The product was chromato-
graphed on a cellulose (Whatrqan, Standard grade) column, being developed with
3:1:1 I-butanol-ethanol-water. The eluted fractions were monitored by paper chroma-
tography. The fractions having' the same Rr were combined and lyophilized. The
residue (60 mg) crystallized frorfn ethyl acetate on nucleation; the pure XII (23 mg)
had m.p. 120-131° and its i.r. spectrum was identical with that of p-curacose.

6-Deoxy-4-O-methyl-pD-galactose! (p-tolylsulfonyl) hydrazone
Compound XII (20 mg) qind (p-tolylsulfonyDhydrazine (20 mg) in methanol
1.2 ml) was heated for 30 min gunder reflux and cooled. The crystalline precipitate
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was filtered off and recrystallized from acetonitrile. The product had. m.p. 133-134°,
[“]i2)4 —1II1.0 > —4.0° (final; ¢ 0.87, pyridine), in good agreement with the values
reported for D-curacose (p-tolylsulfonyl)hydrazone?.
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SUMMARY

The - stercospecific synthesis of 6-deoxy-4-O-methyl-D-galactose has been
accomplished by using somewhat different intermediates in two related ways. The
synthetic sugar is shown to be identical with pD-curacose, a constituent of the anti-
biotic curamycin. Some of the known compounds used in the syntheses have been
prepared by improved methods.

REFERENCES

1 O. L. GALMARINI AND V. DEULOFEU, Terrahedron, 15 (1961) 76.

2 E. SorxIN AND T. REICHSTEIN, Helv. Chim. Acta, 28 (1945) 1.

3 J. S. D. BacoNn, D. J. BELL, AND J. LORBER, J. Chem. Soc., (1040) 1147.
4 R. MozINGOo, Org. Synth., 26 (1946) 77.

5 E. ErRwiG AND W. KOEeNIGS, Ber., 22 (1889) 2207.

6 H. OHLE, W. MARECEK, AND W. BOURJAU, Ber., 62 (1029) 833.

7 J. K. DaLE anD C. S. Hubson, J. Am. Chem. Soc., 52 (1930) 2534.

8 O. L. GaLMARINI, personal communication.

Carbohyarate Res., 2 (1966) 56-62



Carbohydraie Research
Elsevier Publishing Company, Amsterda
Printed in Belgium

1 63

STUDIES ON URONIC ACID MATERIALS

PART XIIIl. THE COMPOSITION OF GUM EXUDATES

FROM Albizia sericocephala AND Albizia glaberrima

WITH AN APPENDIX ON BOTANICAL NOMENCLATURE IN THE GENUS Albizia

P B

&

i
D. M. W. ANDERSON, G. M. CRrEE, J. J. MARSHALL, AND S. RAHMAN
Department of Chemistry, The Un{versiry, Edinburgh 9 (Great Britain)

(Received November 26th, 1965) {

i
!
INTRODUCTION

The genus Albizia (ffimily Leguminosae, sub-family Mimosoideae) contains
100-150 species?; although it is distinguishable botanically from the closely related
genera Inga and Acacia, considerable confusion existed between these three genera in
the past. Consequently, complex series of synonyms exist for many Albizia species
(see APPENDIX). It is unfortunate that“A4.” is used to abbreviate both “Albizia” and
“Acacia”, and it is important that confusion between -these genera be avoided.
Although the spelling “A/bizzia” has been used consistently by chemical authors to
date, the correct botanical form? is Albizia.

Although Adriaens3 reported the exudation of gum by Albizia fastigiata and
Albizia gummifera, a structural study of A/bizia zygia* and a note on the composition
of Albizia glaberrima®, published simultaneously in September 1961, appear to have
been the first significant studies of Albizia exudates. These contributions were followed
by notes on the composition of the gums from A/bizia lebbeck® and Albizia procera?,
and on the aldobiouronic acids in 4. procera8. It is therefore clear that Drummond and
Percival were incorrect in stating? “the genus AJ/bizia contains some twenty-six species,
of which only two, A. zygia‘ and A. sassa, produce gum”.

This paper primarily presents results from an analytical study of the composition
of the exudate from Albicia sericocephala Benth., now known? to be an African
subspecies of Albizia amara (Roxb.) Boiv., which occurs almost exclusively in Asia
(see APPENDIX).

Comparison of our results with those reported previously for A4. zygia?, A.
glaberrimas, A. lebbeck$, and A. procera? (see Tables I and I1) indicated that some of the
analytical data for A. glaberrima® were inconsistent with the broad characteristic
features of the other species studied to date. Thus, Torto reported® 4. glaberrima gum:

(a) to be insoluble;

(b) to have a methoxyl content of 3.5%: this value is unusually high-more than
would be present, indeed, if all of its glucuronic acid (ca. 169, by calculation from the
neutralisation equivalent reported?) were present in the 4-O-methyl form;

(¢) to contain galactose, arabinose, and rhamnose, in the ratio 3:1:2-allowing
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for 169 of uronic acid, it follows that the gum contained ca. 289, of rhamnose, an
unusually high value for a plant gum.

Re-investigation of the composition of A. glaberrima gum was therefore
desirable, and,in Tables I and I, we compare our results for an authenticated specimen
with those reported® by Torto.

EXPERIMENTAL AND RESULTS

Analytical methods

The methods used have been described!, except that paper chromatography
was carried out with the following solvent systems(v/v): (a) ethyl acetate—acetic acid—
formic acid—water (18:3:1:4); (b) ethyl acetate—pyridine—water (10:4:3); (¢) butan-1-ol-
pyridine—-water—benzene (5:3:3:1, top layer); (d) butanone-acetic acid-water, saturated
with boric acid (9:1:1).

Origin of specimens

Gum from Albizia sericocephala (clean, pale-yellow nodules, closely similar to
commercial grades of gum arabic (4cacia senegal) in appearance) was collected at
El Obeid in February 1965 by the Gum Research Officer, Republic of the Sudan.
Albizia glaberrima gum (a brown, semi-plastic mass) was collected, near Entebbe in
June 1965, by the Conservator (Research) of Forests, Uganda.

Examination of the crude gums

Both specimens dissolved when shaken in cold water for 36 h. 4. sericocephala
gave a very viscous solution ([5] = 92.6; ¢f. Acacia senegal, [n] = 15-25). In contrast,
A. glaberrima gave a very low viscosity, [n] = 4.7.

Table I presents the results of other a2nalyses and gives comparisons with the
corresponding data available for 4. zygia*, A. lebbeckS, and A. procera’®.

.

TABLE 1
ANALYTICAL DATA FOR CRUDE Albizia GUMS

A. sericocephala A. glaberrima A. zygia* A. lebbeck® A. procera’

Moisture, %2 11 27 17 II 2

Ash, 7, 4.4 5.7 5.8 4.6 57

Limiting flow-time 92.6 4.7 n.de¢ n.d n.d
number?

Nitrogen, % 0.74 0.50 od 0.26 0.2

Methoxyl, % 0.69 0.83 ca. I n.d n.d

Uronic anhydride, % 17.4 20.6 n.d n.d n.d

Solubility Complete Complete Partial Complete Complete

in water in water in N NaOH in 2% NaOH in water

aQther analyses are corrected for these values. ¥In 4% saline at 25.0°. ¢n.d, not determined. 4Qur
reference specimen of A. zygia gives N, 0.89%.
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Purification

The crude gums were each shaken for 36 h with sufficient cold water to give 59
(w/v) solutions. After filtration through several layers of fine muslin, followed by
filtrations through acid-hardened paper, the gum solutions were electrodialysed at
330 voits, in a grease-free, perspex celi fitted with cooling coils, until current ceased
to fiow.

During the electrodialysis of 4. glaberrima, a fine, brown precipitate was
deposited; this material (yield, 4 %5) was proteinaceous (N, 2.06 %) and has not yet been
investigated.

The free gum-acids were isolated by freeze-drying. A. sericocephala gave a
white product (yield, 70%), and A. glaberrima a pale-brown product (yield, 67%).

Analysis of the purified gums

Table II presents the results obtained for A. sericocephala and A. glaberrima,
and compares these with the data reported for 4. glaberrima®, A. zygia®, A. lebbeck?s,
and A. procera’.

Examination of aldobiouronic acids in A. sericocephala and A. glaberrima

Samples were partially hydrolysed (N sulphuric acid, 100°, 8 h), neutralised
(barium carbonate), filtered, de-ionised [Amberlite IR-120 (H* form) resin)],
and concentrated at 35°. Comparison of the partial hydrolysates on the same chromato-
gram [Whatman No. 1 paper, solvent (a)] revealed that each gum contained three
aldobiouronic acids, having the mobilities Rgq: = 0.21, 0.42, and 0.58. A mixed-
indicator spray®, specific for the detection of acidic saccharides, was used to locate the
separated components after the chromatogram had been dried in a current of air to
remove all traces of the acidic solvent. The acid having Rga: = 0.42 was present in
trace amount only in each gum, and its identity has not been investigated.

For each gum, the aldobiouronic acids having Rgqr = 0.21 and 0.58 were separ-
ated [Whatman 3MM paper, solvent (a)], located (by spraying side strips), and isola-
ted by elution from the paper. The aldobiouronic acids from each gum were hydrolysed
(2N sulphuric acid, 100°, 6 h), neutralised (barium carbonate), filtered, de-ionised
[IR-120 (H* form) resin], concentrated at 35°, and examined in solvents (a), (b),
and (¢). The aldobiouronic acid having Req; = 0.21 gave glucuronic acid, glucurone,
and galactose; the acid having R¢qz1 = 0.58 gave 4- O-methylglucuronic acid and galac-
tose. The faster-moving acid was then shown to be identical chromatographically in
solvent (a) with 6-0-(4-O-methyl-g-D-glucopyranosyluronic acid)-p-galactose, and
distinct from 4-0-(4-O-methyl-a-D-glucopyranosyluronic acid)-bD-galactose. The
slower-moving aldobiouronic acid was chromatographically identical with
6- O-(8-D-glucopyranosyluronic acid)-D-galactose.

DISCUSSION

The exudates from A. lebbeck® and A. procera”? are used as substitutes for,
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and adulterants of, gum arabic (Acacia senegal). A. sericocephala is found in those
parts of the Sudan at which gum cultivation is concentrated; its exudate is so similar
in appearance to commercial grades of A. senegal that admixture of the two gums
would be extremely difficult to detect. Studies on any commercial sample of gum must

alisrave o $eandad seriél macaceo
alwayo Ut Litatilu witit 10stive.

A. sericocephala is not normally tapped; our specimen originated from natural
exudation. Its exceptional viscosity, in comparison with the Acacia gums, makes it
of possible commercial interest. We hope to secure, for study, a specimen of the gum
exuded by A. sericocephala in response to tapping.

Although both specimens of A. glaberrima have the same rotation, there are
considerable differences between some of the other results found by Torto® and by
ourselves. Despite a careful check on our results, the differences remain. It is difficult
to find an explanation for this, although A. glaberrima is now known (see APPENDIX)
to exist in different varieties, and the two specimens involved originated from widely
separated parts of Africa. Torto’s specimen was obtained from trees heavily infested
with moth larvae, and this may be significant; in view of the complete solubility of
other Albizia species, it is interesting that both Torto’s specimen and the other species
originating from Ghana, A. zygia, were virtually insoluble in water.

The rhamnose content reported by Torto® is three times our value, and does not
align with the trend set by the other species studied to date. The same comment
applies to Torto’s methoxyl content of 3.5%, which is so high, in relation to the uronic
acid content of A. glaberrima, as to suggest that this species has some structural
feature which is not typical of the other Albizia species studied so far. We found no
support for this in our analysis, and we suggest that Torto’s high value may be due to
solvent retention!® of the methanol used to effect purification by precipitation. In
order to detect such possible artifacts, we have always considered it essentialll,12 to
report a limited number of exploratory analyses on any gum prior to attempting its
purification.

A. procera has now been reporteds to contain the same two aldobiouronic acids
identified in A. zygia* gum. Although A. zygia gum was fractionated, 4. procera gum
is claimed to be a homogeneous polysaccharide. We have confirmed Torto’s report®
that A. glaberrima contains residues of three aldobiouronic acids; 4. sericocephala
appears to contain the same three acids, and chromatographic evidence indicates that
the two major aldobiouronic acids in A. sericocephala and A. glaberrima are different
from those in 4. zygia and A. procera.

The Albizia exudates therefore have a number of interesting features, although
two of the distinctions made by Drummond and Percival? are no longer correct;
rhamnose is not a major constituent!3 in all Acacia gums, and the presence of two
uronic acids is not an unusual featurel4 in the Mimosoideae family. Structural investi-
gations on A. sericocephale will be carried out, and analytical studies of further
Albizia species are required to give a broader view of the characteristics of this genus.
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SUMMARY

The compositions of the gum exudates from Albizia sericocephala and Albizia
glaberrima have been investigated. The results of analyses are compared with data
available for the other A4lbizia species studied previously. The main aldobiouronic
acids present in A. sericocephala and A. glaberrima differ from those found in A. zygia
and A. procera. The analytical results obtained for A. glaberrima differ in a number of
respects from those reported previously for this species by Torto.

An APPENDIX lists several Albizia species for which a number of botanical
synonyms exist, often reflecting earlier confusion with the genus Acacia.
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INTRODUCTION

Many investigations have been reported of the acid-catalyzed hydrolysis of
glycosides, oligosaccharides, and polysaccharides, and various inductive and steric
explanations of the results have been given!. The literature is, however, almost devoid
of examples of the hydrolysis of modified oligosaccharides, that is, of glycosides in
which the aglycon is a sugar derivative.

Rogovin and co-workers? reported that cellobionic acid is hydrolyzed slightly
faster than cellobiose at 45° but slightly slower at 60° and 75°. Jones and co-workers3
reported that the rate constants for acid hydrolysis were in the order maltose
< maltobionic acid << maltitol, and isomaltitol << isomaltose. Again the individual
differences in rate were very small.
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HC=—
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— HOCH
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HCO ——» 1—a—p—Gp
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*Preliminary report, J. N. BEMILLER AND R. K. MANN, Abstracts Papers Am. Chem. Soc. Meeting,
149 (1965) 18C.
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We have examined the rates of hydrolysis of maltose and selected maltose deriv-
atives. The hydrolysis of each of the following compounds was effected at 80°, 60°,
and 40°, in 0.998 N sulfuric acid: maltose (I), maltose phenylosotriazole (IT) [4-(2-O-=-
D-glucopyranosyl-D-arabino-tetrahydroxybutyl)-2-phenyl-2 H-1,2,3-triazole; 4-O-x-D-
glucopyranosyl-D-arabino-hexulose phenylosotriazole], maltitol (III) (4-O-x-p-gluco-
pyranosyl-D-glucitol), maltobionic acid (IV) (4-0-a-D-glucopyranosyl-p-gluconic
acid), maltose cyanohydrin (V) [5-O-x-D-glucopyranosyl-D-glycero-D-gulo(and D-
ido)-heptononitrile], and maltose 1-phenylflavazole (VI) [3-(1- 0-a-p-glucopyranosyl-D-
erythro-trihydroxypropyl)-1-phenylpyrazolof3,4-b]lquinoxaline].

The objective of preparing these derivatives was to introduce electron-
withdrawing groups. The latter have, in generali, been found to facilitate hydrolysis,
probably by facilitating the formation of the glucosyl carbonium ion which is a
necessary step in the hydrolysis mechanism. In the 1-phenylflavazole derivative (VI)
the functional group is adjacent to the glucosidic bond; in the phenylosotriazole
derivative (II) the functional group is removed by one carbon atom from the glucosidic
bond; in maltitol (I1T) and maltobionic acid (IV) the groups in question are separated
from the glucosidic bond by two carbon atoms, and in the cyanohydrin (V) the nitrile
group is separated by three carbon atoms.

EXPERIMENTAL

Maltose (1)

Maltose was purified by peracetylation, recrystallization of the octaacetate,
and deacetylation®. Homogeneity of the preparation was established by paper
chromatography. ’

Maltitol (I1II)

Pure maltose was reduced in aqueous solution with sodium borohydrides.
Crude maltitol was purified by peracetylation, recrystallization of the nonaacetate,
and deacetylation; m.p. of nonaacetate 83-85°.

Maltose phenylosotriazole (1I)

Maltose phenylosazone was prepared by a standard procedure®; yield 429,
m.p. 201-203°. A suspension of maltose phenylosazone (10 g) and copper(ll) sulfate
pentahydrate (6 g) in a solution of water (730 ml) and isopropyi alcohol (470 ml) was
heated for 30 min at reflux. The solution was allowed to cool to room temperature, and
a saturated solution of barium hydroxide was added until barium sulfate and copper
hydroxide were no longer precipitated. Carbon dioxide was added until formation of a
precipitate of barium carbonate was no longer evidenced. The small proportion of
copper ion remaining in solution was then removed by the addition of hydrogen
sulfide. The solution was evaporated under reduced pressure to a thick sirup. The
product was purified by descending paper chromatography on Whatman No. sMM
paper using an irrigant of ro:1:1 v/v isopropyl alcohol-conc. ammonium hydroxide—
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water. The maltose phenylosotriazole band was located by its fluorescence, and the
eluted product was obtained after drying as a thick sirup.

Maltose cyanohydrin (V)
The procedure used to prepare cyanohydrin derivatives of monosaccharides

was applied to maltose?.8. Pure maltose (4 g) was dissolved in water (50 ml), and the
solution was cooled in an ice bath. To the cold solution was added sodium cyanide
{4 g) in 30 ml of 0° water. The reaction flask was stoppered and kept for 10 daysata
temperature of 0—5° to ensure complete reaction. (Fehling test was negative). The
solution was diluted and stirred several hours at 0° in a hood with 86 ml of Amberlite
IR-120 (H%) ion-exchange resin. The solution was filtered, transferred to a flash
evaporator, and evaporated at room temperature to a thick sirup. The sirup was
covered with methanol and allowed to stand several days before the methanol solution
was decanted. Addition of acetone to the methanol solution precipitated the cyano-
hydrin as an amorphous, hygroscopic powder. Purity of the product was established
by the absence of maltose when examined by paper chromatography. The preparation
was used as obtained, without separation of the two epimers.

Lithium maltobionate
Lithium maltobionate was prepared by previously described procedures? 10,

Maltose 1-phenylflavazole (VI)
Maltose 1-phenylflavazole was prepared by the standard procedurell; yield

337, m.p. 263-265°.

Investigation of hydrolysis rate
The following were prepared: 0.8 9 solutions of I, II1, V, and lithium malto-

bionate in water, 0.8 % solutions of Il and maltose phenylosazone in ethylene glycol,
and a 0.4% solution of VI in ethylene glycol. Rates of hydrolysis were determined
at 80°, 60° and 40° after each of the above solutions had been mixed with an equal
volume of 1.966 N sulfuric acid.

Hydrolyses were followed by observing the change in optical rotation as the
reaction progressed, by means of a Bendix ETL-NPL Automatic Polarimeter equipped
with a 546-mu (mercury green line) interference filter. All optical rotations were
determined at 80°.

Hydrolyses at 80° were effected in a water-jacketed polarimeter cell, and were
allowed to proceed to completion. Hydrolyses at 60° and 40° were accomplished in
constant-temperature baths. Aliquots were removed, and injected into the polarimeter
cell jacketed at 8o0°. Optical rotations at the time of sampling were determined by
extrapolation to the time of injection, but, since the time of temperature equilibration
in the 1-cm cell was less than 1 min, and since very little or no change in rotation was
observed during this period, only very small corrections, if any, were needed in most

cases.

Carbohydrate Res., 2 (1966) 70-79



HYDROLYSIS OF MALTOSE AND DERIVATIVES 73

Reaction rate-constants were determined by least-squares analysis of the data
by an IBM-1620 computer according to the first-order rate equation k = [1/t1n
{Ro—Rw)/(R:—Rx)]in which Ro, R:, and R are the specific optical rotations at the
beginning, during, and after completion of hydrolysis, respectively.

The Arrhenius energy-of-activation constant, E,, was calculated from the
equation:

kz 2.303RTiT:

Ea = logmz . Tz_——Tl——

Methanolysis of maltose 1-phenylflavazole (VI)

Substance VI was refluxed for 100 h in methanol made N with respect to sulfuric
acid. The reaction mixture was cooled to room temperature, diluted with methanol,
neutralized with barium carbonate, and filtered. The residue was washed with methanol
and the combined filtrate and washings were evaporated to dryness at 50° under
reduced pressure. The residue was extracted with warm water to remove methyl
D-glucosides, and the water-insoluble residue was crystallized and recrystallized from
methanol-propyl alcohol; m.p. 215°. b-Glucose 1-phenylflavazole (m.p. 218°) was
subjected to the same procedure; m.p. 215° after treatment with acidic methanol.
The two products each consumed 2.2 4 0.3 mole of periodate per mole (triplicate)
after 24 h of oxidation in pH 4.0 acetate buffer, with a further slow consumption.

Unbuffered periodate oxidation!3 of p-glucose 1-phenylflavazole (both before
and after refluxing with acidic methanol)and of the flavazole product from the methanol-
ysis of maltose 1-phenylflavazole, yielded in each case 3-formyl-1-phenylpyrazolo-
[3,4-b]quinoxaline (1-phenylflavazolaldehyde); yicld 88-95%; m.p. 144-147°, reported
144°. (Ref. 14).

RESULTS AND DISCUSSION

Maltitol (III), maltobionic acid (IV), maltose cyanohydrin (V), and maltose
i-phenylflavazole (VI) were prepared by standard procedures. Maltose phenyl-
osotriazole (II) was isolated by a new procedure. The standard method16-18 jnvolves
heating the phenylosazone with copper(Il) sulfate followed by removal of excess
copper(Il) ion with hydrogen sulfide, a procedure which generates sulfuric acid.
Although the solution was kept cold and the acid was neutralized as soon as possible
with barium carbonate, some hydrolysis of the disaccharide phenylosotriazole
occurred. The new procedure employed barium hydroxide to precipitate sulfate and
copper(Il) ions and carbon dioxide to precipitate excess barium ions, and the solution
was thus kept neutral or basic during the isolation.

Rate constants, as provided by least-squares analyses, are plotted in Figures 1,
2, and 3. Figure 1 gives the first-order rates for hydrolysis at 80°. Here the
1-phenylfiavazole (VI) undergoes hydrolysis more slowly than the other compounds at
80°. Figure 2 gives the hydrolysis rates at 60°, and indicates that the order has changed
somewhat. Figure 3 gives the hydrolysis rates at 40°. Here it is evident that the
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i-phenylflavazole (VI) undergoes hydrolysis much faster than the other compecunds
2t 45 ) - T

Nordin and French!? previously reported that the «-D-(1—>-4) bond adjacent to
the flavazole unit of I-phenylfiavazoles of maltose, maltotriose, and starch dextrins
is apparently more resistant to acid hydrolysis at 100° than other «-D-(1—4) bonds

tan vV i

TIME (HOURS)
Fig. 1. Hydrolysis rate curves at 8o°.
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Fig. 2. Hydrolysis rate curves at 60°.

and that acid hydrolytic conditions do not destroy 1-phenylflavazoles!2. Here also,
the hydrolysis products from maltose 1-phenylflavazole were shown to be D-glucose
1-phenylflavazole and p-glucose. This proves that the rotational change is not

“anomalous ™.,
The rate of hydrolysis is plotted against temperature in Fig. 4. The data have
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again been fitted to a straight line, on the apparently valid assumption that the
activation energies are independent of temperature over the range investigated. The
lines given by maltose (I), maltose phenylosotriazole (II), maltitol (III), maltobionic
acid (IV), and maltose cyanohydrin (V) all give molar activation-energies in the range
30.0-33.0 kcal.mole2, typical for glycosides (Table I). Maltose 1-phenylfiavazole (VI)
has a quite different molar activation-energy, in this case 13.2 kcal.mole™2.
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Fig. 3. Hydrolysis rate curves at 40°.
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Fig. 4. Rate versus temperature curves.
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The 1-phenylflavazole also has a strikingly different entropy of activation.
Large negative.entropies of activation are normally found for A-2 reactions involving
attack bysolventonthe protonated intermediatel®. Negative A S”values in A-1 reactions
have been attributed either to high solvation of the conjugate acids or transition
states, or restriction of rotation about the breaking bond in the transition state20,
but these have been found to be small negative values in the cases examined?l. It
is also possible that VI would undergo hydrolysis as does zert-butyl f-D-glucopyrano-
side, with alkyl carbon-glycosidic oxygen fission22, but this has been disproved by
methanolysis of V1. Under. methanolysis conditions, the 1-phenylflavazole VI would
give D-glucose 1-phenylflavazole if the usual glycosyl carbonium ion is formed, and
4-O-methyl-D-glucose 1-phenylflavazole if the aglycon carbonium ion is formed.
The methanolysis product has been identified as D-glucose 1-phenylflavazole, since
periodate oxidation data eliminated 4-O-methyl-D-glucose 1-phenylflavazole as a
product. Furthermore, the acid hydrolysis of rert-butyl and 1,1-diethylpropyl g-p-
glucopyranosides gives AS™ values of +-11 to 17 (Ref. 23).

An A-2 mechanism for the hydrolysis of certain pD-glucopyranosides was pro-
posed by Bunnett?4 on the basis of an empirical mechanistic criterion, rather than on
entropy differences, which did not differ from the usual values. His conclusion has
been criticized on the basis of the apparent geneiality of the A~-1 mechanism for hydrol-
ysist® of acetals. An A-2 mechanism has also been suggested for the hydrolysis of ethyl
B-p-galactofuranoside by Overend and co-workers25 on the basis of its lower AS™
(—7.1 cal.Lmole—tdegree™). Its molar energy of activation was also lower (22.7 kcal.
mole™1), but neither of these values approaches those found for the 1-phenylfiavazole
V1. The markedly different entropy of activation found for the acid-catalyzed hydrol-
ysis of VI is certainly indicative of a process other than the A-1 mechanism, but we
have no evidence what that mechanism might be or why this compound should
undergo hydrolysis by a different mechanism.

A possible mechanism for the hydrolysis of VI would involve intramolecular
catalysis after protonation of the heterocyclic ring. That protonated forms might be
important is suggested by the fact that the initial rotation in water is quite different
from that in 0.998 N sulfuric acid at 80°. If this is true, the calculated thermodynamic
values would be the sum of those for protonation and hydrolysis. This possibility
is being further investigated.

The fact that conversion into the flavazole derivative does appreciably affect the
hydrolysis rate of the glycosidic bond confirms many of the results already reported,
which indicate that the electronic character of the aglycon can influence the hydrolysis
rate by affecting the electron density around the glycosidic oxygen atom?!. The fact
that the flavazole showed the most significant change in hydrolysis rate also confirms
the results of Timell25, who reported that substituent groups at a distance of more than
one carbon atom from the glycosidic bond had little effect on the hydrolysis rate.
However, as pointed out above, it remains to be established whether the observed
effect is one of induction or intramolecular catalysis.

Least-squares analysis, as obtained by the computer, provided the equation
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for the corrected plot of In (Ro—Rw)/(R:—Rw) versus time. By using the slope
obtained, k& (Table 1), the corrected rate-curves were constructed for each of the three
temperatures used and appear in the Figures 1-3. The curves are constructed to
pass through the origin, although the actual equations obtained from the computer

TABLE 1
HYDROLYTIC RATE DATAS
Rate, k X 10° (sec.™) Eg AH* 45~
Compound 40° 60° 8o° (kcal.mole™Y) (keal.mole™) (cal.mole~ldegree—1)
I 0.0361 0.600 10.2 33.1 32.4 + 14.7
II 0.0361 0.506 7.28 3.2 30.5 + 8.6
I 0.0250 0.439 7-55 33.2 32.5 + 14.5
v 0.0222 0.369 6.00 32.6 31.9 + 12.1
Vv 0.0417 0.550 7-34 30.3 29.6 + 6.2
VI 0.308 0.802 2.58 12.4 1X.7 — 46.7

2In 0.998 N sulfuric acid.

contained a y intercept. This deviation is attributed to errors in the determination of
initial specific optical rotation, which was determined by extrapolation of a plot
of rotation versus time, to zero time for each compound. Since this method involved
extrapolation of the most rapidly changing portion of the curve, it was deemed neces-
sary to assess the accuracy of the values used. One method used involved mixing
the stock solutions of the derivatives with equal volumes of water instead of 1.996 N
sulfuric acid, so that rotations of the neutral solutions could be determined at 80°
without hydrolysis. The resultant values, Ro,m,0, are recorded in Table II along

TABLE I
INITIAL ROTATION VALUES
lo) 526
Substance Ro, extrap- Ro, calc. Difference Ro, Hy0
1 156° 154.5° 1.5° I161°
I 44.5° 45° 0.5° 50°
I 122° 128° 6° 127°
v 92° 9I° 1° 102° (Li-salt)
Y 108° 92° 16° 116°
VI 152° 151° 1° 77-5°

with the values obtained by extrapolation, Ry, extrap- Since the equations for the rate
curve obtained by the computer contained a y intercept term, indicating an error in
the Ro value, a correcied Rg was calculated from the least-square equation by using a
y intercept of zero. These values also appear in Table II as Ro,calc.. In most cases
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there seems to be good correlation between the initial rotations as determined by the
three methods. In addition, rate constants determined by the Guggenheim method,
which is independent of Ry, agree in those cases which could be checked with the
constants determined by the computer.

The compuier aiso provided the correiation coefficients for each curve
(Table III). They indicate that a high degree of agreement exists between the points
as determined experimentally and the resultant least-square plot of the data.

TABLE III
CORRELATION COEFFICIENTS

Compound Temperature
8o° 60° 40°

I 0.9973 0.9618 0.8756
1I 0.9981 0.9948 0.8869
I 0.9950 0.9533 0.9331
v 0.9980 0.9119 0.8514
v 0.9944 0.9851 0.9861
VI 0.9936 0.9990 0.9685

Rates at temperatures below 40° were investigated but were found to be too
low to be measured successfully by this method. Hydrolysis of the phenylosazone was
also investigated. Very poor results were obtained, probably because of side reactions
giving the monoanhydro derivative, cyclic forms, the hexosulose, and the phenyl-
hydrazone.
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SUMMARY

Acid-catalyzed hydrolysis of maltitol, maltose phenylosotriazole, maltose
cyanohydrin, and maltobionic acid differ very little from that of the parent
compound, maltose, as determined by energies (30-33 kcal.mole™1) and entropies
(+6 10 15 cal.mole—*degree~1) of activation. The hydrolysis of maltose 1-phenyl-
flavazole, however, had a much lower molar activation energy (13.2 kcal:mole™) and
a much more negative entropy of activation (—46.7 cal.mole—ldegree1). It is sug-
gested that these differences are indicative of a different reaction mechanism for the
hydrolysis of the latter compound.

<
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Notes

Umwandlung von 1.2:5,6-Di-O-isopropyliden-3-desoxy-a-p-giucose-
3-en in 1,2:5,6-Di-O-isopropyliden-a-p-galactofuranose durch selek-
tive Hydroborierung

Die Hydroborierung von Olefinen nach H. C. Brown?! erfolgt stets unter cis-
Addition entgegen der Markownikoff-Regel. Die oxydative Spaltung der dabei
gebildeten Diboran-Addukte verlduft immer unter Retention zu den entsprechenden
Alkoholen. Das Verfahren stelit somit eine Methode dar, in Olefinzucker selektiv
Hydroxylgruppen ecinzufithren. Die leicht zugingliche 1,2:5,6-Di-O-isopropyliden-3
desoxy-a-D-glucose-3-en(I)2 reagiert glatt mit Diboran unter cis-Addition an die
Enol-Doppelbindung, wobei der Boranrest am C-3 eintritt.

o] (o]
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O Me
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Me Me

€ Me 0><Me Me

I I

Von den beiden moglichen Reaktionsprodukten ensteht nur das, bei dem die
Addition von oben von der ungehinderten Seite des Furanoseringes erfolgt, wobei
Derivate der Galacto-Konfiguration entstehen. Die Reaktion entspricht der katalyti-
schen Hydrierung von I, die 3-Desoxy-b-Galacto-Verbindungen liefert2. Der Angriff
von unten ist durch den anellierten Fiinfring der Isopropyliden-Acetal-Gruppe in I
stark sterisch gehindert. 1,2:5,6-Di-O-isopropyliden-«-D-glucofuranose mit gleichem
Ringsystem zeigt eine entsprechende sterische Hinderung, denn am C-3 ist keine
katalytische Oxydation3 und keine nucleophile Substitution mit Azid durchfiihrbar4.
Die oxydative Spaltung des Diboran-Adduktes von I liefert kristallisierte 1,2:5,6-Di-O-
isopropyliden-x-D-galactofuranose (II). Die Reaktion erlaubt somit eine Umwandlung
von Glucofuranose-Derivaten in Galactofuranose-Derivate, welche auf anderem
Wege nur schwierig zuginglich sind. Lehmann® hat gefunden, dass die gleiche Umset-
zung zur Darstellung von am C-4 mit Tritium markierter Galactose benutzt werden
kann.

EXPERIMENTELLER TEIL

1,2:5,6-Di-O-isopropyliden-o-D-galactofuranose (II). Das nach Zinner? dar-
gestellte Zuckerolefin (I) musste zur Reinigung in Petroldther gel6st und die L6sung
dreimal mit Wasser ausgeschiittelt werden. 3 g gereinigtes I wurde in 9 ml abs. Tetrahy-
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drofuran geldst und in die Losung 2—-3 Stdn. aus einem Diboran-Generator Diboran
(Trédgergas: getrockneter Stickstoff) eingeleitet. Diboran wurde aus 5.1 g BF3-Atherat
in 36 ml Diglyme durch Eintropfen von 25 mMol NaBH, in 20 ml Diglyme entwickelt.
Anschliessend wurde iiberschiissiges Diboran mit Wasser-Tetrahydrofuran zersetzt
und unter Kiithlung 9 ml 2N NaOH und 4 ml H2O0z (30%) zugefiigt. Die
Losung wurde i. Vak. zur Trockne eingeengt, der Riickstand in 25 ml Wasser auf-
genommen und viermal mit 25 mi Ather extrahiert. Nach Einengen des Athers
verbleibt 1.8 g chromatographisch reiner Sirup, welcher beim Stehen kristallisierte.
Umkristallisation aus Cyclohexan gibt 0.8 g (25%) 1I, Smp.6 97.5°98°, [« —35.3°
(¢ 0.8, Methanol). Diinnschichtchromatographie im Laufmittel Benzol: Athanol
(3:1) + 3% Wasser.
Anal. Ber. fiir C12H2906: C 55.39 H 7.69. Gef.: C 55.19 H 7.80.

Chemisches Staatsinstitut, H. PAULSEN
Institut fiir Organische Chemie, . H. BEHRE
Universitdt Hamburg (Deutschland)
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(Eingegangen den 15. November, 1965)
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On the association—dissociation of submaxillary mucin

Weight-average molecular weights between 4 X 10% and 8 X 105 have been
reported for submaxillary mucins?-2. The prevalent concept of the mucin structure is
that the protein occupies the central core of the molecule to which are attached short,
carbohydrate side-chains3-4. Since the protein content of mucins is in the range from
37% [for bovine submaxillary mucin® (BSM)] to 489 (for porcine submaxillary
mucin?), this would give a molecular weight of 1.5 X 108 to 4 X 108 for the protein
core.
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Proteins of very high molecular weight have been found to be aggregates of
subunits, and most of the evidence supports the belief that single polypeptide chains
having a molecular weight of greater than 6.6 x 10* do not exists. Urinary muco-
proteins (mol. wt., 7 X 108) dissociate in urea to small subunits having molecular
weights of 1.8 X 10° or less?-8,

Although BSM is polydisperse and contains! a fraction having a molecular
weight of 2 x 105, there remains the question of whether the fraction having a
molecular weight of millions can be dissociated into smaller fragments by urea. To
answer this, a BSM preparationl-2.5 was chromatographed on Sephadex G-200
(Pharmacia Lot No To-6471; particle size, 40-120 ux; water regain, 20 4 2 g) in
aqueous 0.2M sodium chloride and in 7M urea containing 0.2M sodium chloride. The
length of the column was 55.5 cm and its volume was 201 ml.

A 3.2-ml sample of an approximately 1%/ solution of BSM was placed on the
column equilibrated with o0.2M sodium chloride. The mucin was eluted with o.2Mm
sodium chloride at a flow rate of approximately 4 ml/h, and 2-ml aliquots of the eluted
samples were treated with 2 ml of Ehrlich’s reagent®; sialic acid was thereby used to
indicate the presence of the mucin. A mixture of a o.1-ml sample of the original BSM
solution, 1.9 ml of water, and 2 ml of Ehrlich’s reagent gave an optical density of
0.165 at 565 mu. The chromatogram of BSM in o0.2M aqueous sodium chloride
(Fig. 1a) clearly shows the polydispersity of the BSM, as reported previouslyl. In
order to obtain the void volume of the celumn, 1 ml of a 19 solution of dextran
having a molecular weight of 2 x 10% (Pharmacia, FDR 922) was run on the same
column under identical conditions. The eluted dextran was reacted with anthronel®,
and the result is presented in Fig. 1a.

Similarly, 3 ml of BSM and 1 ml of dextran (19; solutions) were chromato-
graphed on Sephadex G-200 in 7M urea and 0.2M sodium chloride. Theresults are given
in Fig. 1b. The dextran gel swelled in urea and, therefore, less material was needed to
fill the column. The flow rate could only be kept at approximately 0.5 mi/h. The
detection, with Ehrlich’s reagent, of the sialic acid-containing material in the eluate
was done at 625 mu (rather than at 5§65 mu as in the aqueous solution) since the absorp-
tion maximum in urea solution occurs at this wavelength. Aliquots (2 ml) of the
eluate were reacted with 2 ml of Ehrlich’s reagent. A mixture of a 0.1-ml sample of the
original BSM solution, 1.9 ml of urea solution, and 2 mi of Ehrlich’s reagent gave an
optical density of 0.102 at 625 my.

In order to determine the swelling of the gel in urea, the column (packed in urea)
was washed with 0.2M sodium chloride, and the void volume was redetermined with
dexiran. It had increased from 78 to 91 ml, indicating a swelling of the gel grains
in urea to I.14 times their original volume in 0.2M sodium chloride.

The results of chromatcgraphy in the two media are relatively similar; the
differences are a slight increase in elution volume for the mucin in urea compared to
that in the aqueous medium and a more pronounced shoulder at an elution volume of
125 ml. The average distribution coefficient, Kav, between the gel phase and liquid
rhase of the BSM in aqueous medium was 0.19 and in 7M urea was 0.23. These figures
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Fig. 1. Chromatography of BSM (<) and dextran (QO) on Sephadex G-200 in 0.2M NacCl (a) and in
7m urea and o.2M NaCl (b).

were calculated from the elution volumes (see ref. 11) when half of the material had
been eluted. This slight increase in the capacity of the gel in urea for BSM is of the
order expected from the degree of swelling of the gel and is thus not a sign of a change
in the molecular parameters of BSM. Also, the more pronounced shoulder in Fig. 1b
is explained by the change to a higher Kay-value when the chromatographic resolu-
tion increases.

It was thus not possible to show a dissociation of BSM into smaller subunits by
urea, as can be done for urinary mucoproteins?.5.
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Preliminary communications

A new route to the synthesis of polysaccharides

Stereospecific synthesis of polysaccharides can serve as an important tool in
chemical and biochemical investigations of these polymers. Syntheses already reported
either do not give polymers of predicted structurel-2, or are not general methods3-5,
or give rise only to oligomers 5:6. We now report a new route to the synthesis of
polysaccharides having predictable types of glycosidic linkage.

Sugar orthoesters, a new type of glycosylating reagent?, are used as starting
materials. The new route is illustrated by the synthesis of an arabinan (I) containing
predominantly «-(1—5)-L-arabinofuranosidic linkages, obtained by the polymerisation
of f-L-arabinofuranose 1,2,5-orthobenzoate (IV).

-MEOH 1 HgBr,(MeNO,) Argbingn T
2 MeO~
Br.OCHz O CH2

ON'e

Ph

The orthoester (IV) was synthesized as follows. Syrupy f-L-arabinofuranose I,2-
(methyl orthobenzoate) 3,5-dibenzoate (II), [«]p + 19° (chloroform), n¥’ 1.5610,
was saponified to give f-L-arabinofuranose 1,2-(methyl orthobenzoate) (III), which
reacted spontaneously to afford compound (IV), m.p. 148-149°, [«]p + 30° (chloro-
form) (Found: C, 61.3; H, 5.2; active H, 0.42. C12H1205 calc.: C, 61.0; H, 5.1; active
H, 0.429). Other tricyclic monosaccharide-orthoesters of type (IV) are knownS3.S.
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The polymerisation of the orthoester (IV) was performed analogously to the
glycosylation of alcohols using sugar orthoesters?, i.e., in nitromethane with catalytic
amounts of mercuric bromide. Any residual orthoester-linkages present in the polymer
were hydrolysed with 0.01N sulphuric acid in aqueous acetone (20°, 1 h). The resulting,
partiaily benzoylated arabinan was saponified with sodium methoxide, and the crude
polysaccharide was purified by gel-filtration on Sephadex G-25. Elution with water
gave, in the first fractions, the arabinan (I, 50%) as a colourless solid, [«]lo —9I°
(water). Natural arabinanl® with «-L-arabinofuranosidic linkages has [«]p —114°
so that the optical rotation of the arabinan (I) indicates x-L-glycosidic bonds. The
behaviour of the arabinan (I) on Sephadex G-25 and G-50 was consistent with
polydispersity and indicated the average molecular weight to be ca. 4000-10000, in
agreement with the value obtained by hypoiodite oxidation.

The arabinan (I) was completely hydrolysed by o.IN sulphuric acid (100° 3 h),
arabinose being the only product. On periodate oxidation, the polymer consumed
ca. 0.7 mol. of oxidant per anhydroarabinose unit. When the periodate-oxidised
polymer was reduced with sodium borohydride and then hydrolysed by acid, ca. 30%;
of the arabinose units originally present survived. Thus, ca. 70% of the arabinose
residues in the arabinan (I) are involved in 1—5 linkages.

The polymerisation of compound (IV) seems to proceed with splitting of one
of the orthoester bonds, followed by glycosylation of the hydroxyl group thereby
formed. The periodate-resistant units in the polymer may arise by glycosylation of the
C-3 hydroxyl group resulting in the formation of 1—>3 linkages. Obviously, the
polymerisation of analogues of the orthoester (IV) having position 3 blocked should
afford uniformly linked polysaccharides. In this connection, we are studying the poly-
merisation of the 3-0O-benzoyl derivative of compound (IV).

Institute for Chemistry of Natural Products, N. K. KOCHETKOV

Academy of Sciences of U.S.S.R., Moscow (U.S.S.R.) A. J. KHORLIN
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The reaction of O-benzylidene sugars with NN-bromosuccinimide

1. Methyl 4,6-0-benzylidenehexopyranosides

This communication reports a novel ring-opening of benzylidene acetals of
sugars under the influence of N-bromosuccinimide (II), which affords, in the case of
the 4,6-O-benzylidene derivatives, the corresponding 6-bromo 4-benzoates in high
yield.

H )V
o]
[e]
I BzO
—_— CH,Br
Q
HO o HO.
HO
HO
OMe
I OMe o

The reaction products are versatile intermediates for further synthetic work in
the carbohydrate series since they possess the combined advantages of a good leaving-
group at C-6 and a selectively blocked hydroxyl function at C-4. This facile introduc-
tion of a benzoate group at C-4, without any change of stereochemistry, could be
advantageous in cases where this function is desired as a neighboring participant in
conversions at C-3.

The reaction is performed by stirring for 2 hours at reflux temperature a solution
of the O-benzylidene derivative (1 mole) and I (1.1 mole) in dry carbon tetrachloride
containing excess barium carbonate. The products are isolated by extraction of the
evaporated residues into ether or other suitable solvent, followed by conventional
processing*. Thus, methyl 4,6-O-benzylidene-x-D-galactopyranoside! (I) afforded
methyl 4-O-benzoyl-6-bromo-6-deoxy-«-D-galactopyranoside (III) as a colorless
solid, [«]% -+ 156° (¢ 0.56, methanol), in over 90%; yield. The latter was converted
by catalytic debenzoylation into the crystalline methyl 6-bromo-6-deoxy-c-D-

*The reaction products were investigated by t.l.c. (silica gel) by using the solvent system 20:1 chloro-
form—-methanol, and were obtained in pure form by chromatography on silicic acid or by direct
crystallization. All compounds reported herein gave correct analyses and had n.m.r. and i.r. spectra
which were compatible with their structures. Melting points are uncorrected.
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galactopyranoside, m.p. 174-175°; [«] 28 4+ 157° (¢ 0.5, water) in 829 yield, and ultim-
ately into methyl 6-deoxy-a~-D-galactopyranoside. The versatility of such intermediates
as 1II was also demonstrated by conversion of III into crystalline methyl 6-azido-6-
deoxy-«-D-galactopyranoside? by debenzoylation followed by treatment with sodium
azide in N,N-dimethylformamide.

A probable mechanism* for the formation of III would involve initial attack
of a free radical at the benzylic hydrogen atom to give the unstable bromoacetal (IV),
which could collapse to the cyclic ion (V) and bromide ion. The reaction would then
assume ionic character, and the more-susceptible, less-hindered C-6 would be attacked
preferentially by bromide ion, to give the observed product™®*,

Ph
8r
O
o
I —— —
HO o
HO e OMe
e
jiva pA

In order to investigate the influence of the stereochemistry at C-4, and hence the
ring junction, on product distribution, the reaction was attempted with the D-gluco
analog® of I. The major product was crystalline methyl 4-O-benzoyl-6-bromo-6-
deoxy-«-D-glucopyranoside, m.p. 115-116°; [«]3® 4+ 89° (¢ 0,52, methanol) which
was converted into crystalline methyl 6-bromo-6-deoxy-«-D-glucopyranoside, m.p.
126-127°; [«]3’ + 137° (¢ 0.54, methanol), and ultimately into methyl 6-deoxy-
a-D-glucopyranoside, in good yield.

The applicability of this reaction to amino sugar derivatives was also investi-
gated. When methyl 2-acetamido-4,6-0-benzylidene-2-deoxy-3-O-methyl-a-D-
glucopyranoside hydrate® (VI) (Calc. H20, 5.32; found, 4.97) was treated with I1
in tetrachloroethane at 85°,the only products formed, in approximately equal amounts,
were methyl 2-acetamido-4-O-benzoyl-6-bromo-2,6-dideoxy-3- O-methyl-=-p-gluco-
pyranoside (VII), [oJ%° + 38° (¢ 0.523, chloroform)***, and crystalline methyl 2-
acetamido-4- O-benzoyl-2-deoxy-3- O-methyl-a-D-glucopyranoside? (VIII), m.p. 155-
157°; []%} + 23° (c 0.516, chloroform). The structure of VIII was proved by spectral

*The reaction of II with benzaldehyde diethyl acetal was first studied by Marvel and Joncich®
who demonstrated the formation of ethyl benzoate. More recently, the reaction has been reported
with O-benzylidene-1,2-cyclohexanediold.

**An overall free-radical mechanism, in which bromine radical is the attacking species, is also
possible. The predominant attack on C-6, however, can best be rationalized in terms of an ionic
termination process.

***This material crystallizes slowly from a mixture of acetone, ether, and pentane, but has a
tendency to form a gel. The product, although chromatographically homogeneous and analytically
pure, does not have a characteristic melting point, m.p. ca. 95°. It is soluble in ether.
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data and by its conversion into the known debenzoylated product$, m.p. 208-210°,
and into the known 4,6-dibenzoate?, m.p. 120-122°. The hydroxyl ion resulting from
the water of hydration apparently competes with bromide ion in the attack on the
intermediate cyclic ion, thus forming compound VIIT*.

CH,Br
> CHOH
BzOM o o B20 °
d + MeO
AcNH Ac

NH
OMe OMe

H

o OMe o pratig

Many of the commonly used blocking groups in the carbohydrate series, such
as azido, methoxyl, methylsulfonyl, and various ester functions, were found to be
unaffected by the reaction conditions.

The reaction with II has been applied to other benzylidene acetals, such as those
formed from secondary diols of furanosides, pyranosides, and acyclic systems, and
those involving both cyclic and acyclic secondary hydroxyl groups (furanoses).
In contrast to the 4,6-O-benzylidene derivatives, isomeric bromo benzoates are formed
in most of these cases—a feature which broadens the scope of this reaction considerably.
Results pertaining to these are to be reported.
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Mass spectrometry of hexosamines

A pnew approach to the identification of partially methylated monosaccharides?,
developed in this laboratory, was applied recently to different types of neutral mono-
saccharide?-3, The advantages of this method for investigation of polysaccharide
structure prompted an examination of N-acetylhexosamines, which are components
of mucopolysaccharides, glycopeptides, and other polymers of biological importance.
Hence, we have studied the mass spectra of methyl 2-acetamido-2-deoxy-3,4,6-tri-
O-methyl-=-D-glucopyranoside (I) and its deuterated analogues, having CD3 groups
in the 3- (II), 4,6- (III), and 1,3,4,6-positions.

IR!=R2=R3=R?=CHs
HR!=R3=R*=CH3; R2=CD3
OR? II R = R2 = CH3; R® = R* = CDs

R0 OR?
NHAC IVRI=R2=R3=R4=CDs

R*OCH,

Compounds II-1V were prepared from the corresponding, partially methylated
N-acetyl-D-glucosamine derivatives by methylation with CDsl, according to Kuhn’s
procedure?. The physical constants were in agreement with those reportedd for
compound (I). The mass spectra were measured by means of an MX-1303 mass
spectrometer (temperature of inlet system, 200°; ionizing potential, 70 eV). The data*
on compounds (I)—(IV), treated as described?:3 previously, permitted establishment
of the structures of the fragments and the main features of the fragmentation pattern,
which must be the same for other N-acetylhexosamines, since stereochemical differ-
ences in the monosaccharide molecules do not change? the fragmentation pattern.

MeOCH | ® MeOCH2 ® MeOCH2 ® MeOCH2
o) o, S
. e NN e N
Ovie MeO MeO
NHAC NHAC NHAc NH
A, mle 246 A; mle 214 Az mje 182 A3 mfe 140

*Full details of this investigation will be published elsewhere.
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The fragmentation of compound (I) is, in principle, analogous to that of
methyl tetra-O-methyl-z-D-glucopyranoside3, resulting in appsarance of most of the
series of peaks? observed in the mass spectra of the neutral monosaccharides.

A-series. The ions having mfe 246 (A1), 214 (A2), 182 (As), and 140 (A)
belong to this series. The last ion arises by loss of ketene from the Ag-ion. Such a
process is characteristic for N- and O-acetylated compounds®.

B-series. This consists of two ions, Bi(m/e 203) and Bz(m/e 172); B2 arises by loss
of CH3O" from B;:

OCH;

- +
CH0—CH-—CH—CH—CH=0CH;, CH30—CH==CH—CH—CH=0CH>

NHCOCH NHCOCHs

B;.mje 203 By, mle 172

The B peak (m/e 203) is more intensive than Az (m/e 214), so that the rule established
for permethylated methyl hexopyranosides? is invalid in the case of methyl hexo-
saminides.

C-series. The formation of the parent ion [Cg (/e 185)] of this series from amino
sugars differs from that of neutral monosaccharides. In the former case, methanol is
lost instead of a CH30-radical. This process is followed by the expulsion of ketene
and then of a "CH2OCHj3-radical. Such processes were not observed for neutral
methyl hexopyranosides. These phenomena may be connected with the greater
stability of the ammonium ion as compared with the oxonium ion.

™M CH.
eOCH, MeOCHz ®

8H—-AC NH —=NH
MeO—Q\ Meo—\ Meo—<\ ,
(C3Y, mle 185 (€2, mle 143 3y, mle 98

E-series. The ions having m/e 232 (E1), 200 (Ez), 168 (E3), 126 (E3), and 138 (Es)
belong to this series. Loss of the CHsO-group from C-4 (¢f. the loss of the CH3O-
group from C-3 for neutral methyl hexopyranosides2—4), and the presence of an intense
peak for the Es-fragment (which is unstable for neutral monosaccharides and does
not give the corresponding peak in their mass spectra) are characteristic for E-series
fragments of permethylated methyl hexosaminides. These features of the fragmenta-
tion of compound (I) are difficult to explain.

The most intense peaks are those of the fragments belonging to the F, G, H,
and J series. Splitting of ketene from ions having m/e 128 (F2, G%, G%) and m/e 115
(H{, Hi) leads to fragments having m/e 86 and 73, the latter being the most
intense in the mass spectrum. The metastable peak at m/e 46.3 (calc. 46.3) corres-
ponds to this transformation.

Elucidation of the structures and contributions of ions produced from compound
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(@) during fragmentation permits calculation of the mass spectra of the trideutero-
methyl analogues having CDs-groups in all of the possible positions (c¢f. ref. 2,3).

(=] (=] (-] 2]
— —0 =0,
oM —— ——— ——

MeQ OMe OMe \; /£ \: /<‘
NHAC MeO NHAC MeO NHAC NHAc
E;,mje 232 Ea,mle 200 E;,mje 168 E4,mje 138

(=]
—Q

\

MeO NH
E3,mfe 126

These calculated and experimental data for the mass spectra of compounds (II) and
(III) are given in Table I, from which it is seen that each isomer has a characteristic

CH;0—cH=cH | ®
NH CH30—CHy — CH==NF
cHCo
mle 115, H] or HZ mje 73.(H]) or (HY

TABLE I

MASS SPECTRA OF METHYL 2-ACETAMIDO-2-DEOXY-3,4,6-TRI- O-METHYL-X-D-GLUCOPYRANOSIDE (I)
AND ITS DEUTERATED ANALOGUES?®

Position of CDg3 groups

I 3 4 6 3.4 3.6 4,6
246 249 249 249 252 252 252
232 235 235 232 238 235 235
214 214 217 217 217 217 220
203 206 206 203 209 206 206
172 172 175 172 175 172 175
168 171 168 168 171 171 168
128 128 (79) 128 (21) 128 131 128 (79) 128 (21)
131 21) 131 (79) » 131 (21) 131 (79)
115 115 (17) 115 115 115 (17) 115 (17) 115
118 (83) 118 (83) 118 (83)
101 101 (62) o1 (38) 101 (38) 104 (62) 104 104 (38)
104 (38) 104 (62) 104 (62) 107 (38) 107 (62)
88 91 [+31 88 94 91 91
75 78 75 75 78 78 75
73 73 (24) 73 (93) 73 73 (17) 73 (24) 73 (93)
76(769) 76 (7 76(83) 7676 76(7)

am/e-values; in parentheses, relative intensities.
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mass spectrum. Thus, the new approach to identification of partially methylated
monosaccharides! can be applied to derivatives of N-acetyl-D-glucosamine and,
bearing in mind the close similarity of fragmentation patterns of monosaccharides of
the same type, to those of other hexosamines.

Institute for Chemistry of Natural Products, N. K. KOCHETKOV
Academy of Sciences of U.S.S.R., Moscow 18 (U.S.S.R.) O. S. CuizHOV
B. M. ZOLOTAREV
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D-GLUCOSE AND D- GALACTOSE* .
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(Received December 21st, 1965) - i

There is good evidencel-2 that the conversion of phenyl g-D-glucopyranoside
into 1,6-anhydro-g-D-glucopyranose by hot alkali involves the reactive, intermediate .
I,2-anhydro-a-D-glucopyranose. A similar intermediate’ is probably involved in the
conversion3 of phenyl g-p-galactopyranoside into 1,6-anhydro-g-p-galactopyranose.

Neighboring-group participation by an oxy anion on C-2 is sterically unfavorable
in phenyl a-D-glucopyranoside and phenyl «-D-galactopyranoside, as, for both, the
hydroxyl group on C-2 is cis to the phenoxy group on C-1. Thus, phenyl «-D-gluco-
pyranoside is stable in hot aqueous alkali whereas the D-galactose derivative is slowly
converted by alkali into 1,6-anhydro-g-p-galactopyranose3. It has been postulated4.5
that the formation of 1,6-anhydro-f-p-galactopyranose from phenyl x-D-galactopyran-
oside involves direct participation of the oxygen atom omn C-6. Replace-
ment of the oxygen atom on C-6 with sulfur as the nucleophile might be
expected to enhance$-7 the direct displacement of the «-D anomeric group
in a D-glucopyranose or D-galactopyranose derivative, and to yield an analog
of 1,6-anhydro-f-p-glucopyranose or I,6-anhydro-g-p-galactopyranose wherein
a sulfur atom replaces the oxygen atom in the I,6-anhydro ring. For this
reason, and because of the recent interest in sulfur-containing sugars, the alkaline
degradation of 6-thio derivatives of D-glucose and D-galactose has been examined.

Phenyl 2,3,4-tri- O-acetyl-6-S-acetyl-6-thio-a-D-glucopyranoside (II) was pre-
pared by a modification® of an earlier® synthesis by using zinc chloride as the catalyst
in a melt of phenol with 1,2,3,4-tetra-O-acetyl-6-S-acetyl-6-thio-S8-D-glucopyranose.
Visual observation on thin-layer chromatograms showed that conversion into
glycoside was complete in 2 h with the formation of a 1:1 mixture of phenyl «- and
B-D-glucosides. The «-D anomer crystallized from the reaction mixture in 489 yield.
By useofthesametechnique, I,2,3,4-tetra- O-acetyl-6-S-acetyl-6-thio-f-D-galactopyran-
ose also gave, after 6 h, an equimolar mixture of phenyl 2,3,4-tri-O-acetyl-6-S-acetyl-
6-thio-=- and pg-D-galactosides, but- neither anomer crystallized until the reaction
mixture had been separated by preparative, thin-layer chromatography.

Fusion of I,2,3.4-tetra-O-acetyl-6-S-acetyl-6-thio-$-D-glucopyranose with p-
nitrophenol, with zinc chloride as the catalyst, did not give the expected p-nitrophenyl
2,3,4-tri- O-acetyl-6-S-acetyl-6-thio-a-D-ghicopyranoside (I1II). Instead a large propor-

*Journal paper No. 2674 of the Purdue Agricultural Experiment Statibn, Lafayette, Indiana.
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tion of insoluble material was formed, and a yellow, crystalline, sugar derivative was
isolated in low yield. However, compound III was synthesized by thiolacetate displace-
ment of the p-tolyisulfonyloxy group from p-nitrophenyl 2,3,4-tri-O-acetyl-6-0O-
(p-tolylsulfonyl)-a-D-glucopyranoside, which was obtained in 36 % yield bythe Helferich
reaction®onli,2,3.4-tetra- O-acetyl-6- O-(p-tolylsulfonyl)-5-D-glucopyranose. An attempt
to prepare 2,4-dinitrophenyl 2,3,4-tri-O-acetyl-6-S-acetyl-6-thio-«-D-glucopyranoside
from the -D anomer (V), using an anomerization reaction described by Lindbergl0,
was unsuccessful. The reaction gave a brown tar that resisted attempts at crystalliza-
tion. ,

Synthesis of the aryl 2,3,4-tri-O-acetyl-6-S-acetyl-6-thio-g-D-glucopyranosides
was accomplished by one of several techniques. The p-nitrophenyl glycoside (VII) was
obtained in 279 yield by treatment!! of silver p-nitrophenoxide with 2,3,4-tri-O-
acetyl-6-S-acetyl-6-thio-x-D-glucopyranosyl bromide. A modification!? of the classical
synthesis of aryl g-p-glucosides gave a 17%; conversion into 2,4-dinitrophenyl 2,3,4-tri-
O-acetyl-6-S-acetyl-6-thio-g-D-glucopyranoside (V).

Although phenyl 2,3,4-tri- O-acetyl-6-S-acetyl-6-thio-f-D-glucopyranoside (VI)
could be prepared by the Helferich reaction?® on 1,2,3,4-tetra-Q-acetyl-6-S-acetyl-6-
thio-f-D-glucopyranose, VI was obtained in higher yield by thiolacetate displacement
from phenyl 2,3,4-tri- O-acetyl-6- O-(p-tolylsulfonyl)-g-D-glucopyranoside. The latter
compound was isolated from the reaction of molten phenol with 1,2,3,4-tetra-O-
acetyl-6-O-(p-tolylsulfonyl)-8-D-glucopyranose when p-toluenesulfonic acid or zinc
chloride was used as catalyst (yield, 69 and 769, respectively). The formation of the
B-D anomer in the zinc chloride-catalyzed reaction contrasts with the formation of the
phenyl a-D-glycoside in a similar treatment of D-glucopyranose pentaacetate. Appar-
ently, phenyl 2,3.4-tri-O-acetyl-6-O-(p-tolylsulfonyl)-g-p-glucopyranoside, which is
formed first, is difficult to anomerize, and the kinetically controlled product was
isolated, instead of the thermodynamically more-stable «-D-glucopyranoside. When
molten p-nitrophenol was substituted for phenol in the reaction, the anomerization
reaction was faster than for phenol, and p-nitrophenyl 2,3,4-tri-O-acetyl-6-0-(p-
tolylsulfonyl)-«-D-glucopyranoside crystallized (yield, 57%).

Alkaline degradation of phenyl and p-nitrophenyl 6-S-acetyl-6-thio-8-D-
glucopyranosides(VIand VII) gave, asexpected, 1,6-anhydro-6-thio-g-D- glucopyranose
(VI1ll) in 73 and 569 yield, respectively (see Table I). Presumably, formation of the
1,6-anhydro ring proceeds by way of the i,2-anhydro intermediate (B), as shown in
Scheme 1. The overall conversion of b-glucose into VIII by utilizing the degradation
of phenyl 6-thio-f-D-glucopyranoside was 9.2%;,. By an independent method, Akagi
and co-workers!3 reported an 8.59% overall conversion, by way of VIII triacetate,
into VIII. The specific optical rotations obtained for our compounds, VIII and VIII
triacetate, do not agree with previously recorded valuess.

Compound VIII was not formed when either II or III was heated in alkali at
100°. On following the reactions by paper chromatography, it was observed that the
phenyl derivative is consumed after 96 h and the p-nitrophenyl derivative after 18 h
(see Table I). Compound VIII could not be detected on paper chromatograms at any
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time in either reaction mixture, and the triacetate of VIII could not be found on thin-
layer chromatograms after the mixtures had been acetylated. Decomposition of the
phenyl thioglycoside was extensive, as evidenced by the dark reaction product and the
smell of phenol and hydrogen sulfide on acidification of the reaction mixture. The
possibility that VIII was formed and then decomposed during the reaction was
discredited, since the 1,6-anhydro derivative is only slightly degraded when treated
for 96 h with hot alkali.

TABLE I

SUMMARY OF REACTIONS OF D-GLUCOSE AND D-GALACTOSE DERIVATIVES® IN ALKALI

Compounds of m.p., [oz],z)s, degrees  Reaction Yield of
°C (c~1, CHCIl3) timeb, h 1,6-anhydro

derivative, %,

Phenyl §-p-glucopyranoside 9798 — 10.3 7 73
Phenyl f-p-galactopyranoside 110 + 47.1 6 70
p-Nitrophenyl g-p-glucopyranoside 169-170 — 10.9 5 56
2,4-Dinitrophenyl §-p-glucopyranoside 180-182 4 61.0 0.5 —
Phenyl «-p-glucopyranoside 128 +161 96 _—
Phenyl a-D-galactopyranoside 84-85 +242 124 —_
p-Nitrophenyl «-p-glucopyranoside 136137 +230 i8 —
a-p-Glucopyranosyl bromide¢ I0I—-102 +182 0.5 55
a-D-Glucopyranosyl fluoride 133—134 +126 30 —
o-D-Galactopyranosyl bromide syrup +197 0.5 35

a2A1l of the compounds have 2,3,4-tri-O-acetyl-6-S-acetyi-6-thio substituents.
bReaction at 100° in 1.3 N potassium hydroxide containing 33.3% of 2-methoxyethanol.
cAll reactions of glycosyl halides were conducted at 25°.

SCHEME I

CHpSAc CHzSAc

Q .

On

AcO OAc AcO OAc
OAc QAc
B cg) 11, R=CgHs0- ,
Ac=CH3C- III, R=p~NOsCgH4O0~ VI, R'=CgHgO~

I, R=Br- 1V, R=F—\1\ V, R’=2,4-(NOpJpCgHA0- VII, R'=p-NOCgH40~

N CHa—S HSCHp

. HSCHy O, OH A
o J \ o
OR
OH \/ RO \/(c
OR

OH OH

A vIIL, R=H- B
IX, R=CH3C~
o
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2,3,4-Tri-O-acetyl-6-S-acetyl-6-thio-x-D-glucopyranosyl bromide (I) underwent
rapid reaction at room temperature. in alkaline solution to produce VIII in 559
yield,  whereas tetra-O-acetyl-z-D-glucopyranosyl bromide gave an 18% yield of
1,6-anhydro-g-p-glucopyranose. The higher yield of VIHI is best explained by a
solvolysis reaction at C-1, with the formation of a reactive intermediate (A) in a
_ half-chair conformation (see Scheme ). Solvolysis of tetra- O-acetyl-«-D-glucopyranosyl
bromide in alkaline solution gives an intermediate similar to A, but the oxy anion on
C-6, which competes with solvent for the C-1 carbonium ion, does not participate
as well as the larger and more polarizable sulfur anion. It is conceivable, then, that
an«-Danomericsubstituent such asbromide, in contrast to phenoxy and p-nitrophenoxy,
leads to 1,6-anhydro formation, since solvolysis provides the driving force for the
reaction by causing proximity of the C-6 anion to the anomeric carbonium ion,
through formation of the half-chair conformer A.

Intramolecular displacement of the bromide ion by the sulfur anion, to form VIII,
probably does not occur, since VIII is not obtained in the alkaline treatment of IV.
Although displacement? of fluoride ion by a sulfur nucleophile occurs at a rate higher
than that for displacement of bromide ion, solvolysis of «-D-ghicopyranosyl fluoride
is much slowerl4.15 than solvolysis of tetra-O-acetyl-z-D-glucopyranosyl bromide.
If the group on C-1 is displaced, it follows that 1V should react faster than I, and prod-
uce more VIII. However, IV reacts slowly in alkali, without the formation of VIII.
Paper-chromatographic examination of the reaction mixture indicated that 6-thio-z-D-
glucopyranosyl fluoride is consumed after 30 h, with the production of a compound
(Re 0.62) that gave a reducing-sugar test with p-anisidine hydrochloride spray reagent,
and no thiol activity with tetrazolium spray reagent.

' Although phenyl -D-galactopyranoside is slowly converted? by hot alkali into
1,6-anhydro-f-D-galactopyranose, phenyl 2,3,4-tri- O-acetyl-6-S-acetyl-6-thio-«-D-
galactopyranoside was degraded in 124 h with the formation of many unidentified
compounds that reduced silver nitrate spray on paper chromatograms. I,6-Anhydro-
6-ihio-f-p-galactopyranose was formed in alkali from phenyl 2,3,4-tri- O-acetyl-6-S-

" acetyl-6-thio-g-D-galactopyranose and also from 2,3,4-tri- O-acetyl-6-S-acetyl-6-thio-
«-D-galactopyranosyl bromide (see Table I). Synthesis of the 1,6-anhydro-p-galactose
derivative was confirmed by isolation of the same compound from the reaction of
2,3,4-tri- O-acetyl-6- O-(p-tolylsulfonyl)-g-D-galactopyranosyl ethylxanthate with so-
dium methoxide in methanol.

EXPERIMENTAL

All melting points were determined with a Fisher—Johns melting point apparatus,
and are corrected. Paper chromatography was performed by the descending technique,
on Whatman No. I paper at 25° by using as the irrigant 18:3:1:4 (v/v) ethyl acetate—
acetic acid—formic acid—water, or 10:4:3 (v/v) ethyl acetate—pyridine—water. Chromato-
grams were developed by using the following reagents: A, an aqueous acetone solution
of silver nitrate, followed by a methanolic sodium hydroxide solutioni$; B, a 0.5%
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chloroform solution of 2,3,5-triphenyl-2 H-tetrazolium. chloride, followed. by methan-
olic sodium hydroxide solution$; or C, p-anisidine hydrochloride!? in butyl alcohol.

Thin-layer chromatography was performed on 20 X 100 mm plates coated*
with silica gel G. After two irrigations with isopropyl ether saturated with methyl
sulfoxide, components were located by spraying with a 5% solution of sulfuric acid
in methanol and then charring on a hot plate. Evaporations were conducted under
diminished pressure below 50°.

1,2,3,4-Tetra-O-acetyl-6-S-acetyl-6-thio-f-D-glucopyrarose

Ten g of crystalline 1,2,3,4-tetra- O-acetyl-6-O-(p-tolylsulfonyl)-g-p-glucopyran-
osel8, in 125 ml of dry acetone containing 4.4 g of potassium thiolacetate was refluxed
for 6 h, the mixture was cooled, and the potassium p-toluenesulfonate was removed by
filtration. The filtrate was evaporated to dryness, the residue dissolved in chloroform,
and the chloroform solution washed twice with water and dried (sodium sulfate).
Evaporation of the solution oave 6.1 g (76%) of a solid that was recrystalhzed from
ethanol, m.p. 127-128°, [ofp —14.7° (¢ 3.4, chloroform); lit.19, m.p. 130-131, [o:]D
—19° (¢ 1, chloroform).

Phenyl 2,3,4-tri-O-acetyl-6-S-acetyl-6-thio-«-D-glucopyranoside (I1)

In a 50-ml flask were placed 5 g of 1,2,3,4-tetra-O-acetyl-6-S-acetyl-6-thio-f-D-
glucopyranose, 5 g of phenol, and 0.2 g of freshly fused zinc chloride dissolved in
s ml of a 5% solution of acetic anhydride in acetic acid8.9. The mixture was heated
under diminished pressure on a steam bath, and agitated frequently; after 2 h the
mixture was cooled and dissolved in benzene. Thin-layer chromatographic examina-
tion showed that all of the starting material had reacted, to give a 1:1 mixture of
phenyl «- and g-b-glucopyranosides. The benzene solution was washed with water,
N sodium hydroxide, and water, and dried (sodiuvm sulfate). The benzene was removed
by evaporation, and the resulting syrup was dissolved in ethanol, giving 2.6 g (489() of
crude crystals; recrystallized several times from a 19:1 (v/v) mixture of petroleum
ether (b.p. 60-68°) and acetone, it had m.p. 128°, [¢]p -+161° (¢ 0.09, chloroform).

Anal. Calc. for CooH2400S: C, 54.53; H, 5.49; S, 7.28. Found: C, 54.27; H, 5.60;
S, 7.46.

2,3,4-Tri-O-acetyl-6-S-acetyl-6-thio-a-D-glucopyranosyl fluoride (VI)

Finely powdered 1,2,3,4-tetra- O-acetyl-6-S-acetyl-6-thio-g-p-glucopyranose (5 g)
was added in small portions to 10 ml of hydrogen fluoride at —63° (Dry lce-chloro-
form). After g h, the solution was slowly poured into a mixture of ice and chloroform.
The chloroform layer was washed with 5% sodium bicarbonate solution, and water,
and dried (sodium sulfate). After removal of chloroform, the sugar derivative was
crystallized from ethanol, and gave 2.2 g (497;) of product. After three recrystalli-

*Brinkman Instruments, Inc., Great Neck, N.Y.

Carbohydrate Res., 2 (1966) 93-103



g8 . . R. L. WHISTLER, P. A, SEIB

zations from ethanol at room temperature, pure material was obtained; long needles,
m.p. 133-134°, [oc]12)5 +126° (¢ 1.0, chloroform). Calculations according to Hudson’s
rules of isorotation give, for the «-D anomer [«]p -110° and for the f-D anomer,
[¢lp +73°- T ,

Anal. Calc. for C1qH19F O3S : C,45.89; H,5.23; F, 5.18; S, 8.75. Found: C, 45.86;
H, 5.33; F, 5.00; S, 8.76.

p-Nitrophenyl 2,3,4-tri-O-acetyl-6-S-acetyl-6-thio-«-D-glucopyranoside (I1I)

To 10 g of 1,2,3,4-tetra-0-acetyl-6-0-(p-tolylsulfonyl)-8-n-glucopyranose were
added 10 g of p-nitrophenol and 0.4 g of zinc chloride dissolved in § ml of a 5%
solution of acetic anhydride in acetic acid. The mixture was heated for 10 min under
diminished pressure in an oil bath at 125°. The mixture was cooled and treated
(benzene solution) in the usual manner. After removal of the benzene, the syrup
(7.2 g, 63%) was dissolved in 30 ml of acetone, the solution decolorized with carbon,
and the glycoside (4.1 g, 36%) crystallized as needles from ethanol. Two recrystalli-
zations from 5:1 (v/v) ethanol-acetone gave pure II1, m.p. 178°, 5 +173° (c 1.04,
chloroform).

Anal. Calc. for CesHa;NO13S: C, 51.65; H, 4.68; S, 5.51. Found: C,51.89;
H, 4.99; S, 5.69.

p-Nitrophenyl 2,3,4-tri- O-acetyl-6- O-(p-tolylsulfonyl)-z-D-glucopyranoside was
converted into III by refluxing in acetone with potassium thiolacetate for 14 h.
Crystallization from ethanol gave pure material, m.p. 136-137°, [ac]%5 +230° (¢ 1.1,
chloroform).

Anal. Calc. for CzoHesNO11S: C, 49.50; H, 4.75; S, 6.60. Found: C, 49.80;
H, 5.02; S, 6.70.

Phenyl 2,3,4-tri-O-acetyl-6-thio-f-D-glucopyranoside (V1)

1,2,3.4~Tetra- 0-acetyl-6-O-(p-tolylsulfonyl)-8-D-glucopyranose (5 g) with 3 g
of phenol and 0.05 g of p-toluenesulfonic acid as catalyst was fused for 1 h on a
steam bath. The mixture was treated as usual, and gave 3.4 g (69%) of crude crystals.
Two recrystallizations from ethanol gave pure phenyl 2,3,4-tri-O-acetyl-6-0-(p-
tolylsulfonyl)-g-p-glucopyranoside, m.p. 158-160°, [az]%s —29.0° (¢ 3.8, chloroform).
The same glycoside was prepared in 76% yield by a melt reaction catalyzed by zinc
chloride (1.3 g), by using 5 g of 1,2,3,4-tetra-O-acetyl-6-O-(p-tolylsulfonyl)-8-p-
glucopyranose in 10 g of phenol and heating for 1 h at 100°. Helferich and Strauss2°
p-toluenesulfonated phenyl g-p-glucopyranoside and acetylated the product, to obtain
phenyl 2,3,4-tri-O-acetyl-6- O-(p-tolylsulfonyl)-8-p-glucopyranoside, m.p. 161-162°,
[)5 —26° (chloroform). v

Thiolacetate displacement with phenyl 2,3,4-tri- O-acetyl-6- O-(p-tolylsulfonyl)-
B-D-glucopyranoside gave a 659 conversion into VI. Compound VI was also obtained
in 409 yield when 1,2,3,4-tetra-0O-acetyl-6-S-acetyl-6-thio-f-D-glucopyranose was
fused with phenol, using p-toluenesuifonic acid as catalyst. The glycoside was obtained -
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as long needles by two recrystallizations from petroleum ether (b.p. 60-68°); m.p.
97-98°, [(]% —10. 3 (¢ 1.0, chloroform).
Anal. Calc. for CooH2409S: C, 54.53; H, 5.49; S, 7.28. Found: C, 54.60; H, 5.73;

S, 7-49.

p-Nitrophenyl and 2.4-dinitrophenyl 2,3,4-tri-O-acetyl-6-S-acetyl-6-thio-g-p-glucopyran-
osides (VII and V)

In an adaptation of the procedure described by Goebel and Avery'!, 2 g of
2,3,4-tri-O-acetyl-6-S-acetyl-6-thio-«-D-glucopyranosyl bromide!3 (I) dissolved in
20ml of p-xylene was added to 0.7g of silver p-nitrophenoxide. Several glass beads were
added and the mixture was shaken for 30 min. The addition of silver p-nitrophenoxide,
followed by a 3o0-min reaction period, was repeated twice, and the mixture was
filtered through a sintered-glass funnel. The filtrate was concentrated to dryness, and
the syrup was dissolved and evaporated three times from ethanol. The syrup crystal-
lized from ethanol, to give 0.60 g (27%) of product. Recrystallization from ethano!
gave pure VII, m.p. 169-170°, % —10. 9° (¢ 1.0, chloroform).

Anal. Calc. for CeoH23NO11S: C, 49.50; H, 4.75; S, 6.60. Found: C, 48.95;
H, 4.94; S, 6.98.

2,4-Dinitrophenyl 2,3,4-tri-O-acetyl-6-S-acetyl-6-thio-f-D-glucopyranoside (V)
was prepared according to the general procedure described by Mosettigand associates!Z2.
A mixture of 12 g of I, 6.3 g of 2,4-dinitrophenol, and 6.3 g of potassium carbonate in
150 mi of acetone was refluxed for 20 h. After the mixture had been cooled, 100 ml
of water was added, and the solution was poured into 500 ml of cold water. The
gummy precipitate was dissolved in 50 ml of 5:1 (v/v) acetone—ethanol, and the solu-
tion was decolorized with carbon. The filtrate was concentrated to dryness, and the
solid was crystallized from ethanol to give 2.7 g (17%) of crude crystals. Two recrystalli-
zations from ethanol gave pure material; m.p. 180-182°, [oc]‘f)5 +61° (c 1.1, chloroformy).

Anal. Calc. for CooH22N2013S: C, 45.20; H, 4.17; S, 6.04. Found: C, 45.20;
H, 4.48; S, 6.18.

Phenyl 2,3,4-tri-O-acetyl-6-S-acetyl-6-thio-x and p-D-galactopyranosides

Acetolysis, using the method of Reist e al2! of 1,2:3,4-di- O-isopropylidene-6-O-
(p-tolylsulfonyl)-a-D-galactopyranose gave only I,2,3,4-tetra-(-acetyl-6-0-(p-tolyl-
sulfonyl)-=-D-galactopyranose?2, in 179, yield. This compound was treated with
sodium iodide in acetone solution for 12 h at 110° 1,2,3,4-Tetra- O-acetyl-6-deoxy-6-
iodo-x-p-galactopyranose was formed: it was crystallized from ethanol; m.p. 138-139°,
[f5 +114° (¢ 1.5, chloroform); lit.28 m.p. 107°, [« + 70.2 (c. 0.94, chloroform).

Anal. Calc. for C14H10109: C, 36.69; H, 4.18; I, 27.69. Found: C, 36.97; H, 4.38;
1, 27.35.

1,2,3.4-Tetra-0-acetyl-6-deoxy-6-i0do-«-D-galactopyranose was converted into
the 6-S-acetyl-6-thio derivative by refluxing for 12 h with potassium thiolacetate in
acetone solution; m.p. 113°, [o:]%—‘ —+130° (¢ 1.03, chloroform).
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Anal. Calc. for C16H22016S: C,47.28; H,5.46; S, 7.89. Found: C, 47.30; H, 5.50;
S, 7.71. . : ' o

In an attempt to prepare the anomeric phenyl glycosides from 1,2,3,4-tetra-O-
acetyl-6-S-acetyl-6-thio-«-D-galactopyranose by the Helferich technique9, thin-layer
chromatography showed that the «-D acetate reacted too slowly to be useful, and
degradative reactions became prominent with prolonged heating of the reaction melt.
For this reason, 1,2,3,4-tetra-O-acetyl-6-0-(p-tolylsulfonyl)-#-D-galactopyranose22
was converted, as described above, into I1,2,3.4-tetra-Q-acetyl-6-deoxy-6-iodo-§-D-
galactopyranose, m.p. 116-118°, [x]5 --24.0° (¢ 1.0, chloroform), lit.23 m.p. 113—-114°,
[oz]%,s +10.4° (¢ 0.96, chloroform). Displacement with thiolacetate anion gave I1,2,3,4-
tetra- O-acetyl-6-S-acetyl-6-thio-f-p-galactopyranose, m.p. 157—-158°, [oz]}z;.5 +58.5°
(¢ 1.2, chloroform).

Anal. Calc. for CisH20010S: C, 47.28; H, 5.46; S, 7.89. Found: C, 47.21; H, 5.32;
S, 7.90. .
1,2,3,4-Tetra- O-acetyl-6-S-acetyl-6-thio-g-D-galactopyranose (4.57 g) with 10 g
of phenol was fused at 100° using 0.2 g of zinc chloride as catalyst. Thin-layer
chromatographic examination revealed that all of the starting material had been
consumed after 6 h. The mixture was heated for a total of 7 h, and treated as usual.
After separation by preparative, thin-layer chromatography, 1.8 g (35%) of each
glycoside was obtained and crystallized from ethanol. Phenyl 2,3,4-tri-O-acetyl-6-S-
acetyl-thio-x-D-galactopyranoside had m.p. 84-85°, (% +-242° (¢ 1.0, chloroform),
and the -D anomer had m.p. 110° and [«]5 +47.1° (¢ 1.0, chloroform).

Anal. Calc. for CooH24058: C, 54.53; H, 5.49; S, 7.28. Found for the «-D-anomer:
C, 54.46; H, 5.38; S, 7.04. Found for the f-p anomer: C, 54.29; H, 5.28; S, 7.12.

Alkaline degradation

Reactions of all of the aryl glycosides with alkali were conducted as for the
following example; the results are summarized in Table I. Compound VI (50 mg),
in a small, glass-stoppered test-tube, was dissolved in 1.0 ml of 2-methoxyethano}, and
2.01al of 1.95 N potassium hydroxide was added. The gaseous oxygen in the 2-methoxy-
ethanol, and in the potassium hydroxide solutions, had been previously displaced by
passing oxygen-free nitrogen through each solution for 2 h. The tube was heated at
100°, and aliquots of the reaction mixture were taken periodically, neuntralized with
acetic acid, and examined by paper chromatography, using sprays A and B. After
7 h, all of the aryl 6-thio-8-p-glucoside had been consumed, and this reaction time
was used, in a separate experiment, in determining the yield of 1,6-anhydro derivative.
Compound VI (1 g) was treated with 10 m! of 2-methoxyethanol and 20 ml of 1.95 N
potassium hydroxide in a sealed tube. The mixture was cooled, neutralized with
acetic acid, and concentrated to dryness at 70°. To the residue was added 5 ml of
acetic anhydride and 10 ml of pyridine. After being kept overnight, the mixture was
poured onto 20 ml of ice water. After 1 h, the solution was extracted with chioroform,
and the extract was washed with 5% sulfuric acid solution, N sodium hydroxide, and
water, and dried (sodium sulfate). After evaporation of the chloroform, ethanol was
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added, and the solution was clarified with carbon. On being cooled to 5°, the solution
gave two crops of crystals; total yield, 0.51 g (74%). Recrystallization from ethanol
gave IX, as platelets, m.p. 79-81°, [a]5> —55.0° (¢ 1.3, chloroform); lit.12 m.p. 93-94°,
13 —25.2° (¢ 1.1, chloroform). Deacetylation of IX with sodium in methanol gave
VIIL, m.p. 180°, [ —54.0° (¢ 1.0, water); 1it.13, m.p. 180°, [ —5.1° (¢ 0.8, water).
The preparation of VIII and IX was also performed as described by Akagi and co-
workers?3, and the physical constants of these compounds agreed with those found for
the compounds isolated after alkaline degradation of VI.

Reactions of glycosyl halides with alkali were conducted at 25°. Compound I
was treated (109 concentration) with 1.3 N potassium hydroxide containing 33.3 9 of
2-methoxyethanol; or (2094 concentration) with N sodium methoxide in methanol.
In each case, the solution was neutralized with acetic acid, and the product was
acetylated with acetic anhydride in pyridine, to afford a 55% yield of IX. When
tetra- O-acetyl-e-D-glucopyranosyl bromide was treated in a similar way in potassium
hydroxide solution, 2,3.4-tri-O-acetyl-1,6-anhydro-«-D-glucopyranose could not be
crystallized after acetylation. By separating the reaction components on a paper
chromatogram, developing with spray A, and determining the intensity of the spots of
D-glucose and 1,6-anhydro-f-D-glucopyranose with a recording densitometer, the
proportion of 1,6-anhydro-f-p-glucopyranose in the reaction mixture was found
to be 18Y%.

2,3,4-Trti-O-acetyl-6-S-acetyl-6-thio-z-D-glucopyranosyl fluoride reacted slowly
with potassium hydroxide at 25°. Paper-chromatographic examination, using sprays
A, B, and C, showed the disappearance of starting material after 30 h, with the
production of a sugar (Re 0.62) which gave a reducing-sugar test with spray C, and
no thiol activity with spray B. Treatment of 2,3,4,6-tetra- O-acetyl-z-D-glucopyranosyl
fluoride with base, under the same conditions as had been used for compound 1V,
was complete in 24 h, and gave only a trace of 1,6-anhydro-f-D-glucopyranose as
evidenced by visual observation on a paper chromatogram. D-Glucose was the
only other product.

2,3,4-Tri- O-acetyl-6-S-acetyl-6-thio-«-D-galactopyranosyl bromide was prepared
by the action of 359 hydrogen bromide in acetic acid on 1,2,3,4-tetra- O-acetyl-6-S-
acetyl-6-thic-«(or f)-pD-galactopyranose. The product, which contained bromine,
was homogeneous, as shown by thin-layer chromatography, but all attempts at
crystallization failed. Therefore, the syrup, [oc]“ft)5 —+197° (¢ 1.1, chloroform), was
immediately treated, as before, with potassium hydroxide solution. Following
acetylation, 2,3,4-tri-O-acetyl-1,6-anhydro-6-thio-8-D-galactopyranose was isolated,
m.p. 126-127°, [oc]zn5 +33.8° (¢ 1.0, chloroformy).

Anal. Calc. for C2Hi1607S: C, 47.36; H, 5.29; S, 10.54. Found: C, 47.58;
H, 5.47; S, 10.46.

The triacetate was deacetylated with sodium in methanol; yield, 80%; and the
product was recrystallized twice from absolute ethanol to give pure 1,6-anhydro-6-thio-
p-D-galactopyranose, m.p. 230—232° (dec., in a sealed tube heated in an oil bath),

[]% +41.7° (¢ 1.0, water).
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Anal. Calc. for CsH1004S: 4C,‘ 40.44; H, 5.66; S, 17.99. Found: C, 40.40; H, 5.70;
S, 18.2. Lo : : C S

Alternative preparation of I,6-anhydro-6-thio—,B-D-galactopyrdnose

1,2,3,4-Tetra- O-acetyl-6-O-(p-tolylsulfonyl)-x-D-galactopyranose was treated
with hydrogen bromide in acetic acid in-the usual way, to give a 64 % yield of 2,3,4-
tri- O-acetyl-6- O-(p-tolylsulfonyl)-«-D-galactopyranosyl bromide; this was recrystal-
lized twice from 1:9 (v/v) absolute chloroform~isopropyl ether, m.p. 143—145°, [az]21)5
+185° (c 1.1, chloroform).

Anal. Calc. for C19Ha3Br010S: C, 43.60; H, 4.43; Br, 15.27; S, 6.13. Found:
C, 43.36; H, 4.43; Br, 15.30; S, 6.00.

2,3,4-Tri-O-acetyl-6- O-(p-tolylsulfonyl)-«-D-galactopyranosyl bromide (6.25 g)
and 3.7 g of potassium ethylxanthate in boiling acetone was heated with stirring for
30 min. The mixture was cooled and poured into water, and the solid (4.8 g, 71%) was
collected by filtration and recrystallized twice from ethanol, to give pure material,
m.p. 133-134°, [«}5 +17.9° (¢ 1.0, chloroform). '

Anal. Cale. for CaaHpg011S3: C, 46.79; H, 5.00; S, 17.04. Found: C, 46.76;
H, 5.29; S, 17.29.

2,3,4-Tti- O-acetyl-6- O-(p-tolylsulfonyl)-g-D-galactopyranosyl ethylxanthate (1.5
g) was dissolved in 20 ml of methanol containing 0.3 g of sodium. After 24 h at 25°, the
mixture was neutralized with acetic acid and evaporated to dryness. After acetylation
in the usual manner, 2,3,4-tri-O-acetyl-i,6-anhydro-6-thio-f-p-galactopyranose
(0.42 g, 529,) was obtained by crystallization from ethanol; m.p. and mixed m.p.
with the compound obtained by alkaline degradation of phenyl 2,3,4-tri- O-acetyl-6-S-
acetyl-6-thio-g-D-galactopyranoside was 126-127°, [a]5 +34.0 (¢ 1.0, chloroform).
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SUMMARY

Phenyl 2,3.4-tri- O-acetyl-6-S-acetyl-6-thio-8-D-glucopyranoside and phenyl
2,3,4-tri-O-acetyl-6-S-acetyl-6-thio-g-D-galactopyranoside react with hot alkali to
give approximately 709 conversions into I,6-anhydro-6-thio-S-pD-glucopyranose
(VIID) and 1,6-anhydro-6-thio-g-D-galactopyranose, respectively. The corresponding
e-D anomers are also decomposed in alkali, but without the formation of the corres-
ponding 1,6-anhydro sugars. 2,3,4-Tri-O-acetyl-6-S-acetyl-6-thio-x-D-glucopyranosyl
bromide was converted into compound VIII by alkaline solution, presumably by
solvolysis, with participation by the sulfur anion on C-6.

Carbohydrate Res., 2 (1966) 93~103



ALKALINE DEGRADATION OF §-THIOHEXOSE DERIVATIVES 103

REFERENCES

I M. P. Barporrr AND G. H. CoreMaN, J. Org. Chem., 15 (1950) 169.

2 A. DYFVERMAN AND B. LINDBERG, Acta Chem. Scand., 4 (1950) 878.

3 E. M. MONTGOMERY, N. K. RICHTMYER, AND C. S. HuDsON, J. dm. Chem. Soc., 65 (1943) 3.
4 C. E. Bavrou, Advan. Carbohydrate Chem., 9 (1954) 59. ‘

5 R.U.LEMIEUX, in P. DE MA YO (Editor), Molecular Rearrangements, Vol. II, Interscience Publishers,

New York, 1964, p. 762.

6 J. HiNg, Physical Organic Chemistry, McGraw-Hill, New York, 1962, p. I6I.

7 J. F. BunNETT AND W. D. MERRITT, JR., J. Am. Chem. Soc., 79 (1957) 5967.

8 E. M. MONTGOMERY, N. K. RICHTMYER, AND C. S. HUDSON, J. Am. Chem. Soc., 64 (1942) 690.
9 B. HELFERICH AND E. S. SCHMITZ-HILLEBRECHT, Ber., 66 (1933) 378.
10 B. LINDBERG, Acta Chem. Scand., 4 (1950) 49.
11 W. F. GoeBeEL AND O. T. AVERY, J. Exptl. Med., 50 (1929) 521.
12 H. LatuaMm, E. MAY, AND E. MOSETTIG, J. Org. Chem., 15 (1950) 884.
13 M. AKAGI, S. TEXIMA, AND M. HAGA, Chem. Pharm. Bull. (Tokyo), 11 (1963) 58.

14 F. MicHeeL AND A. KLEMER, Chem. Ber., 85 (1952) 1083.

15 F. MicHEEL AND A. KLEMER, Adrvan. Carbohydrate Chem., 16 (1961) 85.

16 W. E. TREVELYAN, C. P. PARKER, AND J. S. HARRISON, Nature, 166 (1950) 444.

17 L. HougH, J. K. N. JoNES, AND W. H. WADMAN, J. Chem. Soc., (1950) 1702.

18 E. HARDEGGER AND P. M. MonTAvVON, Helv. Chim. Acta, 29 (1946) 1199.

19 M. AKAGI, S. TESIMA, AND M. HAGA, Chem. Pharm. Bull. (Tokyo), 10 (1962) 562.
20 B. HeLFErICH AND F. STRAUSS, J. Prakt. Chem., 142 (1925) 13.
21 E. T. REisT, D. E. GUEFFROY, AND L. GOODMAN, J. Am. Chem. Soc., 86 (1964) 5662.

22 H. OHLE AND H. THIEL, Ber., 66 (1933) 525.

23 M. AKAGI, S. TEnMA, AND M. HAGA, Chem. Pharm. Bull. (Tokyo), 11 (1963) 559.

Carbohydrate Res., 2 (1966) 93—103



I . R R e - Carbohydrate Research
104 . - oo - #7f. -+ " Bisevier Publishing Company, Amsterdam
L g . R T ) Printed in Belgium

STUDIES ON URONIC ACID MATERIALS e
PART XV* . THE USE OF MOLECULAR-SIEVE CHROMATOGRAPHY IN STUDIES ON
Acacia senegal GUM (GUM ARABIC)

D. M. W. ANDERSON AND J. F. STODDART
.Department of Chemistry, The University, Edmburglz 9 (Great Britain)
(Recexved December 1st, 1965)

INTRODUCTION

Lathe and Ruthven?, and Andrews and Roberts3, have suggested the possibility
of applying molecular-sieve chromatography (gel “filtration™) to molecular-weight
estimations on polysaccharides. Some of the experiments described in this paper on
the application of this technique to Acacia senegal gum have been reported in a
preliminary communication?.

MATERIALS AND METHODS

The nodules of A. senegal (syn. verek) were collected by (the late) Mr. M. P.
Vidal-Hall, Gum Research Officer, Republic of the Sudan, at Qala en Nahal, Kassala
Province, as the first collection of the 1960 gum season.

Nitrogen, ash, and moisture determinations
Nitrogen was determined by a semi-micro Kjeldahl method, moisture by heating
to constant weight at 105° and ash by heating (muffle furnace) to constant weight at

550°.

Viscosity measurements
Determinations were made in M sodium chloride, in a suspended-level, dilution

viscometer at 25° (flow time for M sodium chloride, 189.9 sec).

Uronic acid determinations
Uronic acid content was determined by a vapour-phase, i.r. method after

decarboxylation with hydriodic acid>.

Methoxyl determinations
A vapour-phase, i.r. method was used?.

*For Part XIV see ref. 1
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Polysacchande hydrolyses B

Polysaccharides were hydrolysed with N sulphunc ac1d for 7 h at 100°. These
conditions do not cause any extensive. hydroly51s .of -the uronic acid linkages in
A.senegal gum ;this was taken into account when determxmﬁgproportlons of galactose.
Hydrolysates were neutralised with barium carbonate, filtered, treated with Amberlite
resin IR-120 (H+ form) and concentrated at ca. 35°on a- rotary evaporator. ,

Sugar ratios -

These were determined by chromatographic separation on Whatman 3MM
paper, followed by elution and colorimetric estimation by the phenol-sulphuric acid
methodS. After periodate oxidation, rhamnose was also determined, as acetaldehyde,
by a vapour-phase, i.r. method?. Sugar compositions were calculated as anhydro-sugar
residues.

Periodate oxidations _
Uniless otherwise stated, these were carried out at room temperature in darkness

using excess of sodium metaperiodate. Formic acid was estimated potentiometricallys.

Formaldehyde was estimated colorimetrically with chromotropic acid®.

Paper chromatography of sugars

‘Whatman No. 1 and 3MM papers were used with the following solvent systems
(v/v): (a) benzene-butan-1-ol-pyridine~water (1:5:3:3, upper layer); (b) ethyl acetate—
acetic acid—formic acid-water (18:3:1:4); (¢) butan-i-ol-ethanol-water (4:1:5, upper
layer); (d) butan-1-ol-acetic acid—water (4:1:5, upper layer); (e) ethyl acetate—pyridine—
water (10:4:3); (f) butanone-acetic acid—water (9:1:1, saturated with boric acid).
Chromatograms were developed with aniline oxalate, p-anisidine hydrochloride,
alkaline silver nitrate, or the periodate—-permanganate reagent.

Thin-layer chromatography of sugars

This was carried out on “Chromagram” sheets (Kodak Ltd., Klrkby, Liverpool)
of polycarbonate or silica gell9, using the following solvent systems (v/v): (g) propan-1-
ol-ethyl acetate-water (10:3:1) with polycarbonate sheets; and (/1) butan-1-ol-acetone—
water (4:5:1), or (i) butanone-acetic acid—water (3:1:1) with silica-gel sheets.

Molecular-sieve chromatography

This was carried out on columns (6.0 X 50 cm) of “Bio-Gel P300” (Bio-Rad
Laboratories, Richmond, California) using M sodium chloride as eluant?. To prevent
deformation by “wall effects”, columns were pre-treated with 19 dichlorodimethyl-
silane in benzene at 60°. After oven-drying, columns were packed with gel that had
been allowed to swell in M sodium chloride for 2 days. The gel slurry was added
continuously to the column; a thin layer of glass beads supported the gel and kept the
“dead space” to a minimum. To stabilise the soft top-surface of the P300 gel, 1-cm
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layers of “Bio-Gel P200” and “Bio-Gel P10” were applied successively to the column.
Eluant was allowed to flow for 2 days before the columns were calibrated with dextran
fractions (Pharmacia Ltd., Uppsala) of known, number-average, molecular weight
(Mn) Polysaccharide (ca. 10 mg), dissolved in 1.5M sodium chloride (1 ml), was
AAAAA A o tlaa AaTrrereaa xr naralil Tavaming hamantlh tha 16 cndirimm AhlAavida TDrantianc
. d.lJPlJ.CU LU e LU Uy Laiciul lﬂyclllls vsilvatii LILC ivli SUUIUILLL ViIIVIIUL, L 1AWIULLY,
collected from a 2-ml siphon by an automatic collectcr, were screened by the phenol-
sulphuric acid methodé. Elution volumes (V.) were estimated to the nearest ml

from peak maxima.

RESULTS

Fractional precipitation of A. senegal gum with sodium sulphate
The gum (40 g) was dissolved in water (800 ml), filtered, and electrodialysed.

Analyses on the freeze-dried product are shown in Table I.

A solution of the purified gum (25.4 g) in water (500 ml) was mamtalned at 28°
Anhydrous sodium sulphate was added in small portions with constant stirring:
Precipitation commenced at concentrations approaching 40% (w/v); at 40%, a pale-
brown material rose to the surface and was removed (Fraction I). Two further fractions,
II and 11, much lighter in colour, were obtained on continued, slow, stepwise addition
of very small portions of sodium sulphate; eventually, the supernatant solution
contained polysaccharide material which was not precipitated from a saturated solution
of sodium sulphate, and this yielded Fraction IV. The fractions were dialysed against
tap. water until free of sulphate and were then electrodialysed to ensure compiete
removal of inorganic ions. Analytical data for the freeze-dried fracticns are given

in Table 1.

Autchydrolysis of A. senegal gum
A sample (4 g) of electrodialysed gum was dissolved in water to give a 29

solution (pH, 2.8). Autohydrolysis on a boiling water-bath was followed polari-
metricallyl}. After 50 h, the solution was cooled, filtered (to remove denatured protein),
and dialysed against water (3 X 2 I). Dialysis was completed against running tap-
water, and freeze-drying gave the degraded gum (2 g), [«]Jp —11° (¢ 1.0, water) (Found:
moisture, 9.7; uronic acid, 19.2; galactose, 68; arabinose, 2%). Hydrolysis of the
degraded gum indicated the presence of two aldobiouronic acids, which had Regaz
values of o0.22 (major component) and 0.59 (minor component) in solvent (b), and
were chromatographically identical with 6-0-(8-D-glucopyranosyluronic acid)-p-
galactose and 6-0-(4- O-methyl-g-D-glucopyranosyluronic acid)-D-galactose, respect-
ively. Chromatographic examination of the diffusate from the degraded gum showed
it to contain galactose, arabinose, thamnose, three (major) neutral disaccharides,
traces of the two aldobiouronic acids, and oligosaccharide material. Further hydrolysis
of a portion of the diffusate yielded more of the same aldobiouronic acids found for

the degraded gum.
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TABLE 1

ANALYTICAL DATA FOR ELECTRODIALYSED A. senegal GUM AND FRACTIONS OBTAINED BY
PRECIPITATION WITH SODIUM SULPHATE

Fractions
A. senegal gum

I T Hr v
Yield, % —_ 23.6 29.5 33.7 1.2
Moisture, % 11.0 14.7 7.3 8.6 —_
Ash, % 0.01 0.01 0.02 0.01 —_
N, % 0.33 1.0 0.12 0.02 —_—
Protein, % [N % X 6.25] 2.1 6.3 0.7§ 0.13 —
[7], cm3g—1 20.0 33.5 14.8 10.8 —
Rhamnose, %°¢ 12(14) 10(13) 12(13) 12(13) —
Arabinose, %2 25(28) 24(30) 26(28) 23(25) —
Galactose, 7% 34(39) 29(37) 37(40) 40(44) —
Uronic acid, %2-? 16.7(19) 16.0(20) 17.5(19) 16.7(18) 15.5
Methoxyl, % 0.23 0.23 0.23 0.23 0.22
[elp (¢ 1.0, water) —3I.5° —32.7° —32.7° —31.5° —
Equiv. wt.¢ 1290 — — — —
Formic acid released on 1.58 1.56 1.59 1.60 —

periodate oxidation
(molefg) X 103 2

Ratio of galactose/arabinose? 1.40 1.23 1.43 1.76 —

%Values in parentheses are corrected for all non-carbohydrate material.
bCalculated as the anhydride of glucuronic acid.

¢By direct titration (potentiometric) with 0.02N sodium hydroxide.
dCalculated from the values corrected for non-carbohydrate material.

Borohydride reduction of degraded gum

Degraded gum (500 mg) was dissolved in water (100 ml), and sodium borohydride
(400 mg) was added. The solution was kept for 24 h at room temperature before further
sodium borohydride (100 mg) was added. After the solution had been stirred for
6 h, it was dialysed against running tap-water for 2 days. The freeze-dried product
was hydrolysed to yield the same aldobiouronic acids and neutral disaccharides found
in the degraded gum. In addition, paper chromatography in solvent (f), and t.l.c. on
silica gel with sclvent (/1) indicated the presence of galactitol. No arabinitol was
detected.

Periodate oxidation of degraded and reduced, degraded gum

Degraded gum did not give detectable amounts of formaldehyde on periodate
oxidation. The production of formaldehyde with time from reduced, degraded gum
(34.32 mg, dry wt.) was as follows: 0.25 h, 160 ug; 0.5 h, 200 ug; 1 h, 215 pg; 2 h,
220 1g; 6 h, 220 ug; 24 h, 235 ug. Assuming production of one formaldehyde molecule
per average polymer unit, a value for M of 4,400 was calculated for the degraded
gum. Taking into account its composition, this corresponds to a number-average
degree of polymerisation (Py) of 27.
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'Controlled szth-degradatzo 12 of degraded gum
* Periodate oxrdatron was carried out at 2°. Degraded gum (I g) was dnssolved in
water (25 ml) 50 / (w/w) periodic acid (1.75 ml) was added, and the solution made up
to 50 ml. After 2 days, the reaction was stopped by addition of excess of ethylene
glycol. Following dialysis against running tap-water for 2 days, the solution was
" treated with sodium borohydride (250 mg) for 36 h. Further dialysis for 2 days was
followed by hydroly51s of the acetal linkages with N sulphuric acid for 2 days at 18°.
The acidic solutron was neutrahsed with barium carbonate, filtered, treated with
' Amberlite resin IR-120 (H* form), and concentrated ona rotaryevaporator. Chromato-
graphice examination revealed the presence of glycerol and glycolic aldehyde. Molecular-
sieve chromatography on a column (2.5 X 75 cm) of “Bio-Gel P1o” was used to
~ separate such low molecular-weight materials from the Smith-degraded product
(180 mg). Hydrolysis of a small portion of the latter product, with examination by
paper chromatography, gave galactose, arabinose (a trace) and arabinitol [solvent
()}, but no galactitol or erythritol.

. Molecular-sieve chromatography
Figure 1 shows the calibration plot of elution vqume (Ve) agamst log M,
obtained with dextran fractions of known M,. For “Bi6-Gel P3007, this relation-
ship13—15 js approximately linear for values of M , from 5,000 to 125,000; although the
usefui working range may extend slightly beyond these values, the exclusion limit
. of “Bio-Gel P300” for the polysaccharides investigated is apparently less than 300,000.

6.0

5.0

. 40F
fog My

200 300 500 800 1000
Vo ()

Fig. 1. _Plot of elution volume (V) against log A, for dextran fractions of known My, values. [“Bio-
Gel P300” column (5.0 % 50 cm), elution with M sodium chloride]. The arrows shown correspond

with those on Fxg 2.

Sucrose and -glucose have the same elution volume, which is defined as being
equal to V, -+ Vi, where ¥, is the void volume and V; the internal volumel4.16,
The: elution volume of “blue dextran™ (Pharmacia Ltd., Uppsala) was taken as the
void volnme, and values for the distribution coefficient {(Kg) were calculated from the
'relations_hipl_'?, Kg = (Ve — Vo)/Vi. Figure 2 shows the elution patterns for 4. senegal
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gum, for the fractions (I-1V) precipitated by sodium sulphate, and for the degraded
gum obtained by autohydrolysis of 4. senegal gum. Table II gives the values found for -
Kzand M ; estimation of M, for the whole gum was rendered dlﬂicult by the asymmet-
tic nature of its elutxon curve.

TABLE II R
ESTIMATION OF Hn BY MOLECULAR-SIEVE CHROMATOGRA_PHY

Vg : Ki : Mn
A. senegal gum 76) — —
Fraction I 270 0.00". = o
Fraction II 204 .04 140,000-20,000
Fraction III 351 0.12 99,000410,000 {105,000)%
Fraction IV 532 0.40 35,000+ 3,000 (37,000)%

Degraded gum" 884 0.92 - - 4,800+ - 500 (4,4oo)°v

2By osmometry; the authors thank Mr. S. Rahman for these determinations.
B0btained by autohydrolysis.
cPeriodate end-group analysis, as formaldehyde.
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Fig_ 2. Elution patterns for A. senegal gum, sodium sulphate fractions, and autohydrolysed gum.
[*“Bio-Gel P300” column (6.0 X 50 cm), elution with M sodium chloride].
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DISCUSSION

Fractional precipitation of gum arabic with propan-2-o0l18 and acetone® has
been reported. Van Beek!? has suggested that there is a correlation between the
limiting-viscosity numbers of the fractions precipitated by acetone and their content of
divalent cation. In spite of the fact that metal ions were reported2? to cause aggrega-
tion of complex acidic polysaccharides in solution, all attempts in this laboratory to
repeat the experiments of Van Beek have failed.

Prolonged contact of A. senegal gum with organic solvents leads to insolubility
difficulties, and the possibility of using salt as a fractional precipitant was therefore
examined. Since the feasibility of fractional precipitation depends upon the poly-
saccharide in question having a broad molecular-weight distribution, A. senegal gum,
and fractions obtained by fractional precipitation with sodium sulphate, were studied
by molecular-sieve chromatography. With such fractional precipitations, the number of
fractions isolated is arbitrary and is usually governed by the amount of material
required for the analyses necessary to characterise the fractions. The elution patterns
obtained on molecular-sieve chromatography (Fig. 2), and the limiting-viscosity
numbers (Table 1) of the fractions, clearly demonstrate that fractionation by “molec-
ular” size was effected. Careful electrodialysis eliminated the possibility of traces of
di- and poly-valent cations causing aggregation. Molecular-sieve chromatography and
viscosity measurements were carried out in solutions having a constant concentration
of univalent cations (i.e., M sodium chloride). Aggregation by metal ions cannot,
therefore, explain our results. Aggregation of the polysaccharide by protein is also
unlikely to occur in M sodium chloride, since coacervates are broken down on addition
of simple electrolytes2l. Qur results can, however, be explained by fractionation
according to the molecular size of the polysaccharide.

The chemical composition of the fractions was investigated, and the results are
summarised in Table I. The similar yields of formic acid released on periodate oxida-
tion indicate that there is little variation in the degree of branching of the polysaccha-
rides in the fractions, but the varying proportions of galactose to arabinose indicate
that the gum is chemically heterogeneous. Previous evidence of chemical heterogeneity
in commercial gum arabic was obtained by Heidelberger and Adams22; the small
fraction of gum precipitated by Type II antipneumococcal horse-serum was depleted
in rhamnose.

Confusion has arisen over the use of the terms /iomogeneous and heterogeneous
in relation to plant gums and other polysaccharides. Smith and Lewis23 claimed that
the /leterogeneity of A. senegal gum is revealed by electrophoresis on glass-fibre
paper, whilst Jermyn?* observed no sharp discontinuity in the properties of the molec-
ular species after chromatography on DEAE-cellulose. Combretum leonense gum
has been described by Aspinall and Bhavanandan2S as micro-heterogeneous, i.e.,
“a mixture of polysaccharides composed of the same structural units, which are
linked in a similar manner, but are in slightly differing proportions”. Norman?26 has
stated that A4. senegal gum is “not a substance of constant composition, but is con-
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structed in a particular pattern from varying amounts of constituent units ”,and Hirst2?
has referred to it as “a mixture of closely related, molecular species”. Other terms,
such as grossly heterogeneous?s, polydisperse3:28, and polymolecular??, have also been
employed. Unfortunately, their usage has not always been in accordance with their
accepted definitions; polydisperse describes polymer systems containing more than
one component; polymolecular denotes a- homogeneous polymer having a variation
in molecular weight (c¢f. ref. 20). '

There is no evidence from our present investigations, nor from those of Jermyn?24,
that A. senegal gum is polydisperse. On the other hand, if the gum is claimed to be
polymolecular, the above definition of this term implies that it is a homogeneous
polymer. The term homogeneous has been used3%:31 to indicate that polysaccharides
are not polydisperse, even although, chemically, they are undoubtedly Aererogeneous.
To avoid this ambiguity, it is suggested that the term polymolecular be reserved for the
description of those polymer systems having only a distribution in molecular weight,
and the term heteropolymolecular be used to describe polymer systems having either
a variation in monomer composition and/or a variation in the mode of linking and
branching of the monomer units, in addition to a distribution in molecular weight.
Defined in this way, the term heteropolymolecular conveys a more comprehensive
description of the spectrum of related polysaccharides that comprise 4. senegal gum.

Molecular-sieve chromatography of the degraded gum obtained on auto-
hydrolysis (Fig. 2) indicates that M, = 4,800 (Table II). Degradation of the whole
gum to produce units of this small size is much greater than would be expected to
result from removal of labile sugar-residues (such as L-arabinofuranose and L-
rhamnopyranose) from the periphery of the molecule. This observation was made by
Smith and Montgomery32, and it led them to suggest that some labile sugarresidues
were present in the interior of the gum molecule. They postulated that blocks of
degraded units might have been interconnected by labile residues of arabinofuranose.
If this were so, it should be possible to show that some, if not all, of this arabinose
is sited at the reducing end of the degraded molecules resulting from autohydrolysis.
Arabinose was not, however, reported by Smith!! to be present in the degraded gum.

This investigation shows that autohydrolysis of 4. senegal gum results in the
release of galactose residues, in addition to arabinose and rhamnose residues, with the
formation of a degraded gum containing 29, of arabinose. Although autohydrolysis
is sufficient to break galactopyranosidic bonds to give galactose, arabinose was not
completely removed from the degraded portion that remained behind after dialysis
(¢f. ref. 33). In order to discover whether arabinose was present as the reducing end-
group, the autohydrolysed, degraded gum was reduced with borohydride. The presence
of galactitol, and the absence of arabinitol, in the hydrolysate of this reduced material
shows that galactose occupies the reducing end-group. The 29 of arabinose in the
degraded gum appears, therefore, to be sited other than at the reducing end.

Autohydrolysis is not very selective as a means of degradation. Inour autohydrol-
ysis experiments, traces of aldobiouronic acids are released, together with oligo-
saccharides which are small enough to pass through cellophane dialysis-tubing
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(Kalle Aktiengesellschaft, Wiesbaden). Acidic material of low molecular-weight
has also been obtained from autohydrolysis of gums from - 4. karroo3* and
A. cyanophylla®>, and this led lest36 to suggest that acidic residues may occur in
labile side-chains. -

The methoxy! content of A. senegal gum has already recexved comment in a
preliminary communication3?. The methoxyl group is not present as the ester of
D-glucuronic acid, since the methoxyl content does not decrease on treatment with
N sodium hydroxide. Methoxyl groups are now known to occur commonly in plant
gums in residues of 4-O-methyl-D-glucopyranosyluronic acid. A careful, chromato-
graphic re-examination of the degraded gum from A. senegal resulted in the detection
of the aldobiouronic acid, 6-0-(4-O-methyl-g-D-glucopyranosyluronic acid)-D-
galactose, the presence of which had not been recognised by earlier investigators.
The sample of A4. senegal gum used in the present study has a methoxyl content of
0.23%,; this corresponds to a content of 1.4%; of 4-O-methyl-D-glucopyranosyluronic
acid. The presence of this residue in A. senegal gum accounts for some of the 2,3,4-
tn-O-methyl—D—glucuromc acid obtained after hydrolysis of the methylated whole-
gum3s.

Periodate oxidation of the degraded gum produces no formaldehyde, so it may
be concluded, in conjunction with methylation evidence39, that the reducing galactose
residue is substituted at C-6. As a result, borohydride-reduced, degraded gum was
assumed to produce one formaldehyde molecule per average unit on periodate oxida-
tion. On this basis, a value of 4,400 for M, was calculated for the degraded gum.

No HCHO HCHO
18"T 105 13°T 1o,
CH,OR' CHLOR' CH,OH
HO o, HO OH —+—OH
" H,OH ~———— . CH,OH ———» HO—1—
OR BH; oR 2 NHes0, HO——
o ~t+—OH
oH on 7h, 100
Degraded gum CH;O0H
Galactitol
2°l Io;
CHzOH
CH,OR’ CH,OR’
o OH HO——
HO o (a) BH} HO ——OH
p CHO ——» —_—
OR" OR" —+—OH
cHO (b) NH;SO, CHAOH NH550,
2 days, 18° 2 7h, 100° CH,OH
D-Arabinito!

Fig. 3. Scheme of reactions carried out on autohydrolysed gum from A. senegal. R’ and R” represent
the remainder of the degraded gum.

The reactions carried out on the degraded gum are summarised in Fig. 3.
A controlled Smith-degradation (¢f. ref. 40) carried out at 2° provides additional
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information that galactose constitutes the reducing end-group. The series of reactions
proposed32 to account for the appearance of arabinitol is evidence that the reducing
galactose residues are also substituted at C-3. :

If the extensive degradation of the macromolecule observed on autohydrolysis
is not due to the presence of internal, labile, arabinofuranosidic bonds, certain
galactopyranosidic bonds must be unusually reactive towards very mild conditions of
hydrolysis, which would not normally be expected to cleave such bonds. As a result
of studies on Virgilia oroboides gum, Stephen%!,42 has suggested that the carboxyl
groups of the uronic acid residues may be responsible for “deep-seated decomposi-
tion . This fact, and the overall geometry of the 4. senegal/ gum molecule, may provide
the explanation for the unexpected lability of some pyranosidic bonds. More know-
ledge is required on the degree of branching within the molecular framework of
A. senegal gum before a theory of more heuristic value may be advanced.

ACKNOWLEDGEMENTS

We thank Professor Sir Edmund Hirst, C.B.E., F.R.S., for his interest in
this work, and the Science Research Council for a maintenance grant (to J.F.S.).

SUMMARY

Investigations involving fractional precipitation of 4. senegal gum by sodium
sulphate lead to a discussion on the type of heterogeneity exhibited by the gum.
Molecular-sieve chromatography is used to estimate number-average molecular
weights. Results obtained using this chromatographic technique on the degraded gum
produced on autohydrolysis indicate that such mild conditions of hydrolysis are not
always very selective as a means of degradation. The degraded gum is shown to have
galactose residues as reducing end-groups. There is no evidence for labile, internal,
arabinofuranosyl linkages in the whole gum. In addition, chromatographic evidence is
obtained for the presence of 6-0-(4-O-methyl-8-D-glucopyranosyluronic acid)-p-
galactose residues in A. senegal gum.

REFERENCES
1 D. M. W. ANDERSON AND G. M. CreE, Carbohydrate Res., 2 (1966) 162.
2 G. H. LaTHe AND C. R. J. RUTHVEN, Biochem. J., 62 (1956) 665.
3 P. ANDREws AND G. P. ROBERTS, Biochem. J., 84 (1962) 11P.
4 D. M. W. ANDERSON, I. C. M. DEA, S. RAHMAN, AND J. F. STODDART, Chen:. Commun., (1965) 145.
5 D. M. W. ANDERSON, S. GARBUTT, AND S. S. H. ZaAib1, Anal. Chim. Acta, 29 (1963) 39.
6 M. DuBois, K. A. GILLES, J. R. HAMILTON, P. A. REBERS, AND F. SMiTH, Anal. Chen., 28 (1956) 350.
7 D. M. W. ANDERSON AND J. F. STODDART, in P. W. SHALLIS (Ed.), Proceedings of the S.A.C.

Symposium, Nottingham, 1965, Heffer and Sons, Cambridge, p. 232.

T. G. HarsaLr, E. L. Hirst, AND J. K. N. JonEes, J. Chem. Soc., (1947) 1427.
9 W. D. AnNNaN, E. L. HIrsT, AND D. J. MANNERS, J. Chem. Soc., (1965) 220.
10 D. M. W. ANDERSON AND J. F. STODDART, Carbolzydrate ‘Res., 1 (1966) 417.

11 F. SmitH, J. Chem. Soc., (1939) 744.

]

Carbohydrate Res., 2 (1666) 104—114



114 ' D."M. W. ANDERSON, J. F. STODDART

12 1.J. GoOLDSTEIN, G. W. HaY, B. A. LEWIs, AND F. SMITR, dbstracts PapersAm. Chem. Soc. Meeting,
135 (1959) 3D. - :

13 P. ANDREWS, Nature, 196 (1962) 36.

14 P. ANDREWS, Biochem. J., 91 (1964) 222.

15 P. ANDREWS, Biochem. J., 96 (1965) 595. ,

16 D. M. W. ANDERSON AND J. F. STODDART, Anal. Chim. Acta. 34 (1966} 401.

17 B. GELOTTE, J. Chromatog., 3 (1960) 330.

18 M. HEIDELBERGER, J. ADAMS, AND Z. DISCHE, J. Am. Chem. Soc., 78 (1956) 2853.

19 L. K. H. VAN BEEK, J. Polymer. Sci., 33 (1958) 463.

20 C. T. GREeNwooD AND N. K. MATHESON, Chem. Ind. (London), (1956) 988.

21 H. G. BUNGENBERG DE JONG, in H. R. KrRuUYT (Ed.), Colloid Science, Vol. 2, Elsevier, Amsterdam,
1949, D. 335-

22 M. HEmELBERGER AND J. Apawms, J. Exptl. Med., 103 (1956) 180.

23 F. SmMiTH AND B. A. Lewis, J. Am. Chem. Soc., 79 (1957) 3929.

24 M. A. JERMYN, Australian J. Biol. Sci., 15 (1962) 787.

25 G. O. ASPINALL AND V. P. BHAVANANDAN, J. Ckem. Soc., (1965) 2693.

26 A. G. NORMAN, Biochemistry of Cellulose, Polyuronides, Lignin, etc., Clarendon Press, Oxford,
1937, p- I2I.

27 E. L. Hirst, Proc. Roy. Soc. A, 252 (1950) 287.

28 S. N. MUKHERIEE AND S. K. DEB, J. Indian Chem. Soc., 39 (1962) 823.

20 H. O. BOUVENG AND B. LINDBERG, Advan. Carbohydrate Chem., 15 (1960) 53.

30 D. W. DRUMMOND AND E. PERCIVAL, J. Chem. Soc., (1961) 3908.

31 M. L. H. FarooqQ! AND K. N. Kauw, Indian J. Chem., 3 (1965) 217.

32 F.SMITH AND R. MONTGOMERY, The Chemistry of Plant Gums and Mucilages, Reinhold, New York,
1959.

33 P.S. O’CoLLa, J. J. O’DonNNELL, aND T. M. D. FeeLey, Proc. Chem. Soc., (1962) 68.

34 A. J. CHARLSON, J. R. NUNN, AND A. M. STEPHEN, J. Chem. Soc., (1955) 1428.

35 A. J. CHARLSON, J. R. NUNN, AND A. M. STEPHEN, J. Chem. Soc., (1955) 269.

36 E. L. Hirst, Plant Gums, Proc. 4th Intern. Congr. Biochem., 1958.

37 D. M. W. ANDERSON, G. M. CRreg, M. A. HErBICH, K. A. KARAMALLA, AND J. F. STODDART,
Talanta, 11 (1964) 1559.

38 F. SmutH, J. Chem. Soc., (1940) 1035.

39 F. SmitH, J. Chem. Soc., (1939) 1724.

40 F. SMiTH AND D. R. SPRIESTERSBACH, Abstracts Papers Am. Chem. Soc. Meeting., 128 (1955) 15D.

41 A. M. STEPHEN, S. African Ind. Chemist, 17 (1963) 83.

42 A. M. STEPHEN, J. Chem. Soc., (1963) 1974.

Carbohydrate Res., 2 (1966) 104~-114



Carbohydrate Research . . II
Elsevier Publishing Company, Amsterdam’ . 5
Printed in Belgium

I,3:2,4—DI-O-ISOPROPYLIDENE—L-RIBITOL AND RELATED COMPOUNDS

K. W. Buck, A. B. Foster, B. H. ReEs, J. M. WEBBER,

Chemistry Department, The University, Birmingham 15 ( Great Britain)

AND F. E. HArRDY* .
Chemistry Department, The University, Newcastle-upon-Tyne ( Great Britain)
(Received December 17th, 1965)

INTRODUCTION

Acetonation of ribitol (catalysed by mineral or Lewis acids) affords a mixture of
two di-O-isopropylidene derivatives (4 and B, isomer B having the longer retention
time in gas-liquid chromatography). In the experiments previously described?,
catalysis by zinc chloride or hydrogen chloride afforded a mixture in which the 4,B-
ratio was ca. 2.3:1. The major isomer (A4) was shown to possess an unblocked primary
hydroxyl group and gave a benzoate (C) having m.p. 73—-74°. Syrupy ribitol (obtained
by borohydride reduction of D-ribose and possibly contaminated with boric acid)
was used in these experiments; subsequent use2 of crystalline ribitol invariably gave
A,B-mixtures in which isomer B was markedly preponderant, although the proportion
of isomers was dependent on the catalyst. Isomer B is? 1,2:4,5-di- O-isopropylidene-
ribitol and affords a benzoate having m.p. 69—71°. The nature of the factor controlling
theA, B-ratio in the earlier experiments was not discovered. We now report on isomer A4.

RESULTS AND DISCUSSION

Since isomer A4 possesses an unblocked, primary hydroxyl group, it must
contain a 1,2:3,4- (x, «-erythro3), 1,3:2,4- (8, p-erythro), or 1,4:2,3- (y, a-erythro)
distribution of the isopropylidene rings; each of these distributions constitutes a
hitherto unknown type of condensation pattern. When this work was begun, there was
no authenticated example of an «-erythro-, f-erythro-, or y-keial formed by direct
condensation of acetone with an acyclic, polyhydric alcohol, although w«-erytiiro-
ketals may be obtained indirectly4, and simple erythro-vicinal diols will condense
with acetoned. A fS-erythro-5 and a p-isopropylidene derivative? have recently been
reported**, and there are numerous examples3:® of the condensation of acetone with
cyclic, polyhydric alcohols to give six-membered ketals as parts of fused-ring systems.
Recent work10 suggests that y-ketals could be formed by the reaction of polyhydric

*Present address: Procter & Gamble Ltd., Research and Development Laboratories, G.P.O. Box

Forest Hall No. 2, Newcastle-upon-Tyne 12.
**The compound described® as 1,2:3,5-di-O-isopropylidenexylitol, i.e. containing «- and f-ketals,
is, in fact, a 1,2:4,5-diketal (ref. 15).
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alcohols with a 2,2-dihalogenopropane in the presence of base. 2,2, 5,5'-Tetra-
hydroxybiphenyl forms a seven-membered, 2,2"-0-isopropylidene derivative!l.

- The retention times of isomers 4 and B in gas-liquid chromatography were too
similar to permit their separation on a preparative scale, and although the p-
phenylazobenzoates showed slightly different mobilities in thin-layer chromatography-
the ARp was too small for a large-scale column separation. Tritylation of the A,B,
mixture enabled isomer B to be removed subsequently by distillation and gave a
crystalline trityl derivative of isomer 4. It proved impracticable to isolate workable
quantities of isomer A from A,B-mixtures derived from crystalline ribitol, and an
alternative approach was used.

Acctonation of bD-ribose diethyl dithioacetal gave a di-O-isopropylidene
derivative, and demercaptalation of this compound followed by borohydride reduction
of the product afforded 1,2,3,4-di-O-isopropylidene-L-ribitol (4”), which had the
.same retention time as isomer A4 in gas-liquid chromatography. Benzoylation of
isomer 4’ gave the 5-benzoate (C’, m.p. 79—80°) the infrared spectrum of which, in
carbon tetrachloride or carbon disulphide, was identical with the corresponding
spectrum of benzoate C. Therefore, isomers 4 and A4’ contain the same distribution
of ketal rings. The enantiomorph of compound 4’ was prepared by acetonation
(zinc chloride catalysis) of 1-O-benzyl-L-ribitol followed by debenzylation using
sodium and liquid ammonia. Benzoylation then gave I1-O-benzoyl-2,1.4,5-di-O-
isopropylidene-L-ribitol. I-Deoxy-D-ribitol also readily gave a di-O-isopropylidene
derivative.

The infrared spectrum of a 0.005M solution of isomer 4’ in carbon tetrachloride
(conditions where intermolecular hydrogen-bonding is negligible, and absorptions in
the hydroxyl-stretching region may be assignedi2 to free and intramolecularly bonded
hydroxyl groups) showed bands at 3637 (¢ 14), 3595 (¢ 55, 4» 42), and 3538 cm—1
(e 32, 4v 99). The first band is assigned to free, primary hydroxyl groups, and, from
the magnitude of the A» values!2.13, the latter absorptions are assigned to primary
hydroxyl groups which are intramolecularly hydrogen-bonded to form five- and
six-membered rings, respectively. On the basis of reasonable analogy, these data
rule out a 1,2:3,4-diketal distribution for isomer A4’, since, in such a molecule, the
C-3-C-5 portion is closely related in structure to 1,2-O-isopropylideneglycerol
[bands at 3647 (¢ 25) and 3608 cm—1 (& 49, Ar 39)], which does not form an intra-
molecular hydrogen bond involving a six-membered ring!?. Moreover, because the
3,4-ketal is a~erythro, C-2z and C-5 are cis-disposed and a hydrogen bond O-5-H....O-2
(seven-membered ring) should form resulting!® in a band having A4v ca. 140. The
infrared spectral data for isomer 4’ do not permit a distinction between the 1,3:2,4-
and 1,4:2,3-diketal distributions. It is of interest to note the similarity of the bands for
bonded hydroxyl groups for isomer A’ and for 1,4-dimethoxybutan-2-ol13 [3598
(4v 31) and 3538 cm—1 (A4v 91}

The n.m.r. spectrum (methanol-water, 3:1) of isomer 4’ showed, inter alia,
signals for isopropylidene methyl protons at = 8.75, 8.79, and 8.83, having integrated
areas in the ratio 1:1:2. When toluene-p-sulphonic acid was added to this solution at
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ca. 25°, the signal pattern for the methyl protons subsided and simplified during 3 h
to two signals (= 8.83 and 8.90) of similar integrated areas and having a combined area
corresponding to ca. 15% of that of the original signals. At this stage, the hydrolysate
contained ribitol, a small amount of starting material, and a mono-QO-isopropylidene
derivative (characterised as the tri-p-phenylazobenzoate) which was not oxidised by
periodate. The latter derivative is therefore a 2,4-ketal, and it follows that, providing
there is no rearrangement during the graded hydrolysis, compounds. 4 and 4’ and
the enantiomorph of A4’ are 1,3:2,4-di-O-isopropylidene-pr-, -L- (I), and -D-ribitol,
respectively. The absence of ketal migration under hydrolysing conditions has been
established for several isopropylidene derivatives!5.

Similar hydrolysis of the benzoate (C’) of compound A4’ resulted in a simplifica-
tion of the initial signal pattern (v 8.81, 8.88, and 8.98; ratio of signal strengths,
1:2:1) for the isopropylidene methyl protons to two signals (z 8.73 and 8.79), consistent
with the occurrence of graded hydrolysis. However, no such simplification occurred
on hydrolysis of 1-deoxy-2,3,4,5-di-O-isopropylidene-D-ribitol, and the pattern of
C-methyl proton signals (¢ 8.67, 8.72, and 8.88; ratio of signal strengths, 4:5:1)
subsided to leave a doublet at T 9.00 due to the terminal methyl group.

Compound A4’ contains a ring system related to frans-decalin, and, although it
is the first example of this type of ring system formed from two cyclic ketals, examples
are known of a related ring system involving a cyclic ketal and a tetrahydropyran
ring, viz., methyl 4,6- O-isopropylidene-2,3-di- O-methyl-«-D-glucopyranosidel? (signals
for isopropylidene methyl protons at = 8.81 and 8.70 in methanol-water, 3:1) and
methyl 4,6-O-isopropylidene-a-D-altropyranoside* (8.80, 8.72). The corresponding
cis-fused system is exemplified by methyl 4,6-O-isopropylidene-2,3-di-O-methyl-«-D-
galactopyranoside? (8.80, 8.71), and methyl 4,6- O-isopropylidene-«-D-gulopyranoside®
(8.90, &.70) and its 3-acetate* (8.88, 8.77). The two signals for methyl protons shown
by each of the above compounds must be due to equatorial and axial differentiation.
Although the differences in chemical shift (0.08~0.11 p.p.m.) for these pairs of signals
are slightly greater than that (0.05 p.p.m.) for 1-deoxy-2,3,4,5-di- O-isopropylidene-D-
ribitol, the signal pattern for the methyl protons in the latter compound is consistent
only with a 2,4:3,5-distribution of the ketal rings (¢f. the results of Baggett ef al.13).
The signal pattern (7 8.75, 8.79, and 8.83; ratio of signal strengths, 1:1:2) for the
methyl protons of compound 4’ may be accounted for if one of the-methyl groups is
deshielded. It is possible for the primary hydroxy! group to approach significantly
closer to the axial methyl group in ring B (I) than to any of the other three methyl
groups. Such a close approach could cause deshieldingl8. The low-field signal (8.75)
is therefore provisionally assigned to the axial methyl group in ring B. It follows
that the high-field signal (8.83) may be assigned to the two, equatorial methyl groups
and the remaining signal (8.79) to the axial methyl group in ring A. This assignment
is tentative since the differences in chemical shift are low (<10 c.p.s.) and solventeffects
have not been established. Robinson!? has shown that, for cyclohexane derivatives

*Samples kindly provided by Dr. J. G. Buchanan.
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containing gem-dimethyl groups, the signal for the axial methyl protons does not
invariably appear at higher field. In these compounds, the long-range coupling (four
o-bonds) involving vicinal, zrans hydrogen atoms results in a characteristic broadening
of .the signal for the axial methyl protons and permits reliable signalassignment.
Such coupling cannot occur in the isopropylidene ketals; the signals for the isopropyl-
idene methyl protons in, for example, methyl 4,6-0-isopropylidene-2,3-di- O-methyl-
a-D-glucopyranoside had closely similar half-band widths.

Me
CHZOH
O. o Me
a/2 I
Me (o] o
Me

EXPERIMENTAL

Unless otherwise stated, paper chromatography was performed on Whatman
No. 1 paper by downward irrigation with the organic phase of butan-i-ol-ethanol-
water (4:1:5), and detection was effected with alkaline silver nitratel8. Thin-layer
chromatography (t.l.c.) was carried out on silica gel with detection by iodine vapour
and/or vanillin-sulphuric acid!®. Gas-liquid chromatography was effected using a
Pye Argon instrument (f-ionization detection) with a column packing of polyethylene-
glycol adipate and a gas pressure of 8 Ib/sq in. N.m.r. spectra were determined on ca.
209 solutions by using a Varian A60 spectrometer under normal working conditions
and a 6% solution of tetramethylsilane in chloroform as external reference. Infrared
spectra in the hydroxyl-stretching region were obtained as previously described!s.

Acetonation of ribitol

(a) Commercial, fused zinc chloride (55 g) was shaken with acetone (500 ml)
for 4 h, and the resulting mixture was stored overnight at room temperature and then
decanted. Ribitol (15 g, m.p. 104-106°) was added to the supernatant solution, and,
when dissolution had occured, the mixture was stored at room temperature overnight
and then poured, with vigorous stirring, into 15% aqueous sodium hydroxide (3 D).
The solution was extracted with chloroform in the usual manner to give a product
which, on distillation, afforded the di-QO-isopropylideneribitol mixture (14.4 g,
639), b.p. 140—160°/30 mm. Examination by g.l.c. at 160° revealed components 4 and
B having retention times of 15 and 18.5 min, and in the ratio ca. 1:4.

() When the procedure described in (a) was repeated, but the isolation was
effected - immediately after dissolution of the ribitol, the A,B-ratio was ca. 1:2. A
similar product ratio was obtained when a rapidly prepared (ca. 5 min) solution of
zinc chloride in acetone was used.
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(c) When ribitol was dissolved in acetone containing 1%, hydrogen chloride, and
the solution was stored overnight at room temperature, the 4, B-ratio for the product
was ca. I:2. A similar ratio of products was obtained when ribitol (0.9 g), acetone
(20 ml), anhydrous copper sulphate (2 g), and conc. sulphuric acid (0.02 ml) were
shaken overnight at room temperature.

1,3:2,4-Di-O-isopropylidene- 5-O-trityl-DL-ribitol

Trityl chloride (7 g) was added to a solution of the di-O-isopropylideneribitol
mixture [5 g, obtained by method (@) above] in pyridine (40 ml), and the mixture
was stored for 1 h at 100°. Water was added to produce a turbid solution, and, after
I h, the mixture was poured into an excess of water. Extraction with chloroform in
the usual manner gave a mixture from which was distilled 1,2:4,5-di- O-isopropylidene-
ribitol (B, 3.54 g), b.p. 140-160°/30 mm, contaminated with ca. 3% of isomer 4
(established by g.l.c.). The 3-benzoate had m.p. 69—71° (from methanol) {(Found:
C, 64.1; H, 7.4. C1sH240s calc.: C, 64.3; H, 7.2%). '

T.Lc. (benzene—methanol, 97:3) of the residue in the still showed two components
having Rr 0.88 (tritylcarbinol) and 0.94. Elution of the mixture from neutral alumina
with benzene-light petroleum (b.p. 60-80°) (4:1) gave, as the first fraction, the title
compound having m.p. 114-115°, R 0.94 (Found: C, 75.7; H, 6.9. C3pH3405 calc.:
C, 75.9; H, 7.2%).

I-Deoxy-2,3.4,5-di-O-isopropylidene-D-ribitol

A solution of D-ribose diethyl dithioacetal?? (10 g) in 70%, aqueous ethanol
(700 ml) was heated under reflux with Raney nickel2! (70 ml). The course of the reac-
tion was followed by paper chromatography, and no starting material (Rr 0.76;
¢f- product, 0.45) remained after 4.5 h. Insoluble material was removed, and the filtrate
was concentrated to give 1-deoxy-D-ribitol (1.7 g, 32%), m.p. 74-75° (from ethyl
acetate), [«lp +9° (¢ 1.2, water) (Found: C, 43.8; H, 9.1. C5Hi1204 calc.: C, 44.1;
H, 8.9%). Hough er al2? recorded m.p. 77-80° for 1-deoxy-L-ribitol methanolate,
and 65-69° for the solvent-free compound, [e]p —10.6° in water.

A mixture of the foregoing compound (1.49 g), acetone (75 ml), anhydrous
copper sulphate (3.75 g), and conc. sulphuric acid (0.04 ml) was shaken overnight at
room temperature and then poured into an excess of conc. ammonia. Inorganic
material was removed, and the crude product was isolated from the filtrate by extrac-
tion with ether in the usual manner. Distillation gave the title compound (1.25 g, 53%),
b.p. 104-106°/28 mm, [«]p - 19° (¢ 1.9, chloroform) (Found: C, 61.2; H, 9.3. C11H2pO4
calc.: C, 61.1; H, 9.3%).

1-O-Benzyl-L-ribitol

A solution of 35-0-benzyl-2,3-O-isopropylidene-D-ribitol23 (3 g) in ethanol
(47.5ml) and N sulphuric acid (2.5 ml) was heated under reflux for 50 min. The hydrol-
ysate was neutralised with Dowex-1 (CO:%_ form), filtered, and concentrated. Examina-
tion of the syrupy residue (2.5 g) by paper chromatography [organic phase of butan-
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r-ol-ethanol-water-ammonia (density 0.88), 40:10:49:1, Whatman No. 4 paper]
revealed one component having Rriitor 3.2. On storage, the syrup crystallized, and
recrystallization from chloroform-~light petroleum (b.p. 66-80°) gave the title com-
pound (1.3 g), m.p- 690-70°, [«]p +10° (¢ 2.5, water) (Found: C, 59.4; H, 7.3. C12H1305

nals {‘ oo 40/
Lai. > IF-D> 1‘-: I ‘l’/ Je

1,3:2,4-Di-O-isopropylidene-p-ribitol

Zinc chloride (3 g) was shaken with acetone (15 ml), and the supernatant liquid,
on cooling, was decanted onto the foregoing benzyl ether (1 g). The mixture was shaken
until dissolution was complete and then stored at room temperature for 1o h. The
di-O-isopropylidene derivative was isolated as a syrup (1.1 g) by the use of ether?4.
A solution of this product in ether (12 ml) was added to liquid ammeonia (300 ml),
and sodium (1 g) was added in small pieces with stirring during 1 h. The solvent was
then allowed to evaporate at room temperature, and water (8o ml) was carefully
added to the residue. The solution was extracted with chloroform, and the dried
(K2COg) extract was concentrated. A solution of the residue (0.45 g) in benzene was
added to alumina (12 g), and elution was effected with chloroform to give 1,3:2,4-di-
O-isopropylidene-D-ribitol (0.35 g), which afforded a benzoate having m.p. 82°
(from methanol) and [«]p +33° (¢ 2.3, chloroform) (Found: C, 64.3; H, 7.0. CisH240¢
calc.: C, 64.3; H, 7.29). 1-O-Benzoyl-2,4:3,5-di-O-isopropylidene-D-ribitol* had
m.p. 82° (from methanol) and [a]lp —32° in chloroform. The infrared spectra of the
two benzoates were indistinguishable.

Graded, acid hydrolysis of 1,3,2,4-di-O-isopropylidene-1-ribitol
A solution of the title compound (57.3 mg) in 75% aqueous methanol (4 ml)
containing toluene-p-sulphonic acid (78 mg) was stored at room temperature, and
the n.m.r. spectrum was recorded at suitable intervals. When the original signal
pattern (z 8.75, 8.79, and 8.83) for the isopropylidene methyl protons had simplified to
two signals (= 8.83 and 8.90) of approximately equal intensity (180 min), the solution
was neutralised with Amberlite TRA-400 (HO- form) and concentrated. T.l.c.
(dichloromethane-methanol, 9:1) of the residue (Z, 202 mg) from a similar experiment
revealed components having Rz values of 0.0, 0.59, and 1.0, and paper chromato-
graphy (detection with Tollens reagent2?) revealed components having Rg values of
0.18 (ribitol) and 0.68. Extraction of the residue with hot chloroform gave a mixture
of the faster-moving components (t.l.c.), leaving ribitol (50 mg), m.p. 102-104°.
The chloroform extract was added to a column (1 X 9.5 cm) of silica gel (5 g, Hopkin
and Williams). Elution with ether (50 ml) afforded starting material (50 mg), and a
further amount (50 ml) of the same solvent gave the mono-O-isopropylidene derivative
(zo mg, Rr 0.59), which was p-phenylazobenzoylated in the usual manner?5 to give
2,4-O-isopropylidene-1,3,5-tri- O-p-phenylazobenzoylribitol, m.p. 165-167° (from
chloroform—ethanol) (Found: C, 69.3; H, 5.3; N, 10.6. C47H40NgOs calc.: C, 69.0;

H, 4.9; N, 10.3%).
A solution of the residue Zin an excess of 0.02M sodium metaperiodate contain-
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ing sodium hydrogen carbonate was stored for 2 days at room temperature. The
solution was then concentrated, and the residue was extracted with hot ethyl acetate.
Concentration of the combined extracts and examination of the residue by t.l.c.
revealed unaltered proportions of the components having Rr values of 0.59 and 1.0.
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SUMMARY

Acetonation of ribitol (catalysed by mineral or Lewis acids) affords a 1,2:4,5-
and a 1,2,3,4-di-O-isopropylidene derivative. Evidence is presented which indicates
that the latter isomer has a 1,3:2,4-distribution of the ketal rings.
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INTRODUCTION

A variety of reactions has been reported! in which intramolecular hydrogen-
bonding has been invoked to account for rate enhancement and/or reaction pattern.
In previous papers?, we have examined the validity of a correlation drawn between
patterns of intramolecular hydrogen-bonding, observable3 for alcohols in dilute
solutions in inert solvents, and reactivity effects which these alcohols display in
various reactions carried out in the usual range of experimental conditions. For
example, the ratio of the rate constants for the esterification of the 5-hydroxy-2-phenyl-
I,3-dioxans with p-phenylazobenzoyl chloride in pyridine? is cis:trans, ca. 5.6:1,
whereas for the 4-phenylcyclohexanols, under similar conditions, the cis:trans ratio
is ca. 1:6.6, as would be expected* on conformational grounds. In dilute solution in
carbon tetrachloride, no intramolecular hydrogen-bonding is possible for the 4-
phenylcyclohexanols, but complete bonding occurs® in cis-5-hydroxy-2-phenyl-1,3-
dioxan, and only limited bonding in the frans-isomer. For 1,4:3,6-dianhydro-p-
glucitol (1), the apparently more sterically-hindered endo-5-hydroxyl group was found
to be more reactive than the exo-2-hydroxyl group on esterification with toluene-p-
sulphonyl chloride® or p-phenylazobenzoy! chloride? in pyridine. Only the endo-5-
hydroxyl group can form an intramolecular hydrogen-bond.

RESULTS AND DISCUSSION

In seeking clarification of the above and related reactivity differences, the rate
constants for the esterification of the alcohols listed in Table I, using acetic anhydride
in pyridine at 25°, were measured. Within the limits of experimental error, the esteri-
fications showed second-order kinetics although, in some cases, small deviations were
observed beyond 609 reaction. The rate constants were measured by essentially
Eliel and Lukach’s method? and calculated graphically. The values for cyclohexanol
and cis- and trans-4-phenylcylohexanol are in reasonably good agreement with those
previously reported?. )

The results in Table I show that, in accordance with expectation based* on
conformational grounds, the trans-isomers of the cis,trans-pairs of 4-phenylcyclo-
hexanol and 5-hydroxy-2-phenyl-1,3-dioxan are the more rapidly esterified. It was
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noted above that the order of reactivity of the latter pair of isomers is reversed when
esterification is effected with p-phenylazobenzoyl chloride in pyridine. The values for
the rate constants were reflected in competition experiments. When a solution of 1 mol.
of acetic anhydride in pyridine was allowed to react with a mixture containing 1 mol.
each of cis- and trans-s-hydroxy-2-phenyl-1,3-dioxan, the ratio of cis- to trans-
acetates formed was ca. 1:5.8 (determined by n.m.r. spectroscopy). Comparison of the
rate constants for rrans-5-hydroxy-2-phenyl-1,3-dioxan and trans-4-phenylcyclo-
hexanol, and for 5-hydroxy-1,3-dioxan and cyclohexanol, indicates that replacement
of ring methylene groups by oxygen atoms causes an increase in the reactivity of
the hydroxyl group towards acetic anhydride in pyridine.

For the esterification of 1,4:3,6-dianhydro-p-glucitol (I), the relative reactxv—
ities of the two hydroxyl groups are dependent on the reaction conditions. Thus,
when the dianhydride was treated with 1 mol. of acetic anhydride in pyridine at 25°,
the ratio of 2- to 5-acetate was ca. 1.7:1, whereas, when a similar reaction was carried
out in the presence of pyridine hydrochloride, the ratio was 1:3.6. The latter result
parallels that observed when esterification was effected with p-phenylazobenzoyl
chloride in pyridine2. Related results were obtained with the 2-methoxycyclopentanols.
The hydroxyl groups in the cis- (IT) and zrans-isomer (I1I) are, respectively, in similar
steric environments to the endo-5- and exo-2-hydroxyl groups in 1,4:3,6-dianhydro-
D-glucitol (I). The rate constants in Table I show that the trans-isomer (III) is more
reactive. It appears that, in these five-membered ring compounds, esterification by
acetic anhydride in pyridine is sterically hindered by a substituent vicinal and cis to
the hydroxyl group, and that the orders of reactivity are the reverse of those to
be expected for activation by intramolecular hydrogen-bonding. Only the hydroxyl
group at C-5 in the dianhydride? (I), and in cis-2-methoxycyclopentanol8 (1I), can form
an intramolecular hydrogen-bond.

— Re

MeO R?

I R'=OH, RP=H
1 M R'=H, R2=0H

In the 2-methoxycyclohexanol series, the trans-isomer is esterified more rapidly
(Table I). Since the trans-isomer should adopt the chair conformation (IV) having the
hydroxyl group equatorial, while the cis-isomer is likely to be conformationally
unstable with the hydroxyl group moving between axial (V) and equatorial positions
(VI), the observed order of reactivity is not surprising. In dilute solution in carbon
tetrachloride, the hydroxyl groups in both cis- and trans-2-methoxycyclohexanolf are
completely intramolecularly hydrogen-bonded.

In another group of experiments, the rates of acetylation of ethanol, propan-1-ol,
butan-i-ol, 2-methoxyethanol, 3-methoxypropan-i-ol, and 4-methoxybutan-1-ol
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were measured (Table 1). With the exception of 2-methoxyethanol, the magnitudes
of the rate constants were similar, and there was no rate-enhancement effect. The
slightly higher value for 2-methoxyethanol is probably due to the inductive effect
of the methoxyl group. In dilute solution in carbon tetrachloride, the w-methoxyalkan-
1-ols show? characteristic and significantly different patterns of intramolecular

OMe OH
.
———
OR

OMe
java <z hvas

hydrogen-bonding, and bond formation decreases in the order 2-methoxyethanol>
3-methoxypropan-i-ol>4-methoxybutan-1-ol. Thus, it may be concluded that,
within the series of alcohols studied, there is no correlation between the patterns
of intramolecular hydrogen-bonding observed for dilute solutions in carbon tetra-
chloride and the rate constants measured for esterification with acetic anhydride and
pyridine.

It has been severally observed that the use of acid anhydrides in place of acid
chlorides during esterification can cause differences in the order of reactivity of
hydroxyl groups. Thus, the 2-ester was the preponderant product when methyl
4,6-O-benzylidene-x-D-glucopyranosidel? was treated with one equivalent of a
carboxylic acid chloride, or a sulphonic acid chloride or anhydride, in pyridine,
whereas use of a carboxylic anhydride gave a preponderance of the 3-ester. However,
it is possible that, in each case, esterification occurs selectively at position 2, but is
followed by an acyl migration in the latter case. In another example!?, treatment of
benzyl 4-O-methyl-f-p-xylopyranoside with one equivalent of acetyl chloride in
pyridine gave the 2- and 3-esters in the ratio of 1.1:1, whereas, with acetic anhydride in
pyridine,theratiowas 1.7:1. Furthermore, on partial esterification with aceticanhydride—
perchloric acid and acetic anhydride-sodium acetate, the ratios were 1:3 and =2:1,
respectively.

These and the above differences in reactivity indicate the operation of at least
two different esterification mechanisms. It has been shown12 that, in the esterification
of ethanol with acetic anhydride, the observed rate of reaction falls between the
theoretical values calculated on the assumption that the reaction involves (a) unionised
molecules of ethanol and acetic anhydride (1), or (&) un-ionised acetic anhydride and
ethoxide ion (2). Although the catalytic effect of pyridine on the esterification of

EtOH + Ac20O — products (1)
EtOH = EtO—~ + H* )
, EtO~ 4+ Ac20 — products
alcohols has long been known, the precise mechanism remains to be elucidated. The

evidence for different pathways has recently been reviewed!3. Since carboxylic and
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sulphonic acid chlorides 14, and sulphonic anhydrides 15,16, are known to form com-

- . +/
plexes with pyridine, probably of the type R-CO-N\ »Cl~and R-802.N\ / X,

it has been suggested!? that the higher reactivity of these pyridinium salts is responsible
for the catalytic activity of pyridine. On the other hand, base enhanced ionisation of
alcohols has been invoked!8 to explain the catalytic effect of pyridine, but it fails to
explain the low catalytic activity of 2- and 2,6-di-substituted pyridine derivatives!?
in the acetylation of water. : ' :

Efforts to detect complex formation between acetic anhydride and pyridine
have failed'?, although the presence of very small amounts of such an intermediate
has been invoked!® to explain the catalytic effect of pyridine on the acetylation of
water by acetic anhydride in acetic acid-acetate buffers. The mechanism formulated
is shown in equations (3) and (4), and the latter stage was found to be rate determining.

Ac2O 4 pyridine = pyridineAct + AcO— (3)
pyridineAc* + HoO — AcOH - pyridineH+ @

Thus, it is probable that esterification by acyl halides and anhydrides in pyridine

involves a rate-determining attack by an alcohol (5), or an alkoxide ion (6), on an
acyl pyridinium salt, but the available evidence is not sufficient to confirm either of

R-OH + pyridineAc* — products (s)
R-OH = R-O- 4 H+ ©)

pyridineAc+ 4- R-O~ — products

these possibilities. If the overall rate of reaction were dominated by process (5),
it might be enhanced by intramolecular hydrogen-bonding and decreased by vicinal
electronegative substituents in the alcohol20, whereas, if process (6) were involved
the reverse would apply. The results in Table I, together with previous results2,
are in accord with the assumption that esterification with p-phenylazobenzoyl chloride
in pyridine occurs mainly by process (5), and that esterification with acetic anhydride
and pyridine occurs mainly by process (6), but do not establish these processes to be
the reaction mechanisms. As far as we are aware, the occurrence of intramolecular
hydrogen-bonding in suitable alcohols in pyridine solution has not been established
experimentally. Findlay and Kidman2! have shown that, for solutions of alcohols
(<<o.1 M) and pyridine (>0.1 M) in carbon tetrachloride, intramolecular hydrogen-
bonding between alcohol molecules occurs to a significant extent, although bonding
mainly involves alcohol and pyridine molecules. It is possible that, for suitable alcohols,
intramolecular hydrogen-bonding could also occur to a limited extent.

In extending the above study, the rates of acetylation of cis- and trans-5-amino-
2-phenyl-1,3-dioxan with acetic anhydride were examined, since, in this case, prior
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ionization of the amine is unlikely, and it might be predicted that the reactivity of the
cis-amine would be enhanced by intramolecular hydrogen-bonding.

trans-5-Amino-2-phenyl-1,3-dioxan was prepared by treatment of the cis-5-
methanesulphonate2?2 with sodium azide in N,N-dimethylformamide, followed by
reauu:on of the resultant iraﬁs-s-az:uu Cﬁfnpounu with lithium aluminium nyurxuc
The cis-5-amine was prepared likewise from the tragns-s-methanesulphonate. In
dilute solution (<<0.005M), the cis-amine (VII) had vpax at 3389 (¢ 13) and 3328 cm 1
(= 3.1), while the trans-amine (VIII) had ymax at 3397 (¢ 8) and 3331 cm™t (¢ 2.8) in
the N-H stretching region. The absorption patterns for the two amines and for
cyclohexylamine?3 {vymax at 3375 (¢ 3.3) and 3311 cm—1 (¢ 2.1)] were closely similar,
which suggests that the absorption maxima in each isomer are due to asymmetric
and symmetric stretching vibrations of the NHs: group. Intramolecular hydrogen-
bonding would be expected24 to lower the stretching frequencies.

L L

When a 1:1 mixture of cis- (VII) and trans-s-amino-2-phenyl-1,3-dioxan (VIII)
was allowed to react with 1 mol. of acetic anhydride in pyridine, the ¢is- and trans-
acetates were formed in the ratio cq. 1.9:1. A similar order of reactivity was found by
Eliel er al.?5 for the 4-tert-butylcyclohexylamines. The cis-isomer reacted with 2,4-
dinitrochlorobenzene at twice the rate of the zrans-compound. Unusual stabilisation
of the equatorial amino group in the frans-isomer by solvation was invoked to explain

the reactivity difference.

EXPERIMENTAL

Preparation of alcohols

5-Hydroxy-1,3-dioxan, prepared by saponification of the benzoate26, had
b.p.85-87°/15mm. Cyclohexanol and cyclopentanol were fractionally distilled through
a 30-cm column packed with glass helices. The cis- (m.p. 75—76°) and trans-forms
(m.p. 119°) of 4-phenylcyclohexanol??, the cis?® (m.p. 82-83°) and trans-forms2?
(m.p. 63-64°) of 5-hydroxy-2-phenyl-1,3-dioxan, and the cis- and trans-forms of
2-methoxycyclohexanol and 2-methoxycyclopentanol® were prepared by the relevant
literature methods.

Determination-of rate constants

The rates of esterification of alcohols with acetic anhydride and pyridine at
25.0 & 0.05° (corr.) were measured by essentially Eliel and Lukach’s method?. Rate
constants were obtained from the slopes of graphs of either 1/a—x against time, or
loge bla—x)/a(b—x) agéinst time, where @ and b are the initial concentrations of
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TABLE 1

RATE CONSTANTS FOR THE ESTERIFICATION OF CERTAIN ALCOHOLS WITH ACETIC ANHYDRIDE IN
PYRIDINE AT 2¢°

k % 10% (I.mole=lsec—1)

Secondary alcohols

cis-4-Phenylcyclohexanol 4.0 ' .
trans-4-Phenylcyclohexanol I1.9 )
Cyclohexanol 8.9

cis-5-Hydroxy-2-phenyl-1,3-dioxan 6.0

trans-5-Hydroxy-2-phenyl-1,3-dioxan 49.5

5-Hydroxy-1,3-dioxan - 31.8

Cyclopentanol 10.6

cis-2-Methoxycylopentanol .2

trans-2-Methoxycyclopentanol 15.2

cis-2-Methoxycyclohexanol 2.9

trans-2-Methoxycyclohexanol 9.7

Primary alcohols

Ethanol 55.9
2-Methoxyethanol 68.0
Propan-1-o0l 55.7
3-Methoxypropan-1-ol 55.6
Butan-1-o0l 55.6
4-Methoxybutan-1-ol 58.3

alcohol and acetic anhydride, and x is the concentration of ester formed. Good,
straight-line plots were obtained up to ca. 609 reaction but, in some cases, deviation
from linearity was observed when the reaction was studied from 60—90%, completion.
The cause of this deviation was not investigated.

All of the reactions proceeded to>>97 % completion, as determined from infinity
titrations, and examination by t.l.c. indicated that the ester was the only product
formed. In the case of cis- and trans-s-hydroxy-2-phenyl-1,3-dioxan, the respective
acetates were isolated in yields of >95%( from infinity samples. The results are shown

in Table 1I.

Selective acetylation of I.4:3,6-dianhydro-D-glucitol

(a) With acetic anhydride and pyridine.:A solution of the dianhydride (5.53 g)
and acetic anhydride (4 g, I mol.) in pyridine (50 ml) was stored at 25° for 23.5 h
and then poured into 29 aqueous sodium hydrogen carbonate (200 ml). The solution
was extracted exhaustively with chloroform, and the dried (MgSO4) extract was
concentrated. Fractionation of the resulting syrup (5.89 g) on a column (50 X 3.5 cm)
of silica gel (Davison 950) by elution with benzene—ether mixtures gave the 2,5-di-
acetate (2.46 g, 56.5%), m.p. 50-60° (from ethanol), and then 2-QO-acetyl-1,4:3,6-
dianhydro-p-glucitol (1.54 g, 28.6%), m.p. 77.5—78.5° [from benzene-light petroleum
(b.p. 60-80°)], ¥max (¢ 0.004M, carbon tetrachloride) 3562 cm™1 (bonded2 OH) (Found:
C, 51.1; H,6.5. CgH1205 cale.: C,51.1; H, 6.5 %). Finally, 5-O-acetyl-1,4:3,6-dianhydro-
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- TABLE 11

EXPERIMENTAL RATE CONSTANTS.FOR ACETYLATION OF CERTAIN. ALCOHOLS W TH ACETIC ANHYDRIDE
IN PYRIDINE AT 25° v e .

Alcohol Alcohol Acetic anhydride k x 105
- concentration concentration (I.mole~tsec™)
(molell) (molefl)
Cyclohexanol 0.5550 0.5550 . ‘8.9
1.157X 0.5246 9.0
cis-4-Phenylcyclohexanol 0.5310 0.5310 4.0
trans-4-Phenylcyclohexanol 0.4936 0.4936 11.9
cis-5-Hydroxy-2-phenyl-1,3-dioxan 0.5474 0.5474 6.0
0.2709 0.5916 5.5
0.5595 1.1545 5.6
0.5588 0.2758 6.1
0.9031 0.4563 6.8
trans-5-Hydroxy-2-phenyl-1,3-dioxan 0.5471 0.4571 49.6
0.5369 0.5369 49.5
5-Hydroxy-1,3-dioxan 0.5657 0.5657 31.9
0.6602 0.6602 31.7
0.6756 1.3279 30.1
0.2113 0.6068 3I.1
1.2915 0.5341 34.7
- 0.6708 0.3198 34.1
Cyclopentanol 0.5555 0.5555 10.6
0.5562 0.5562 10.6
cis-2-Methoxycyclopentanol 0.5136 0.5126 4.23
0.4872 0.4872 4.26
trans-2-Methoxycyclopentarniol 0.5136 0.5136 15.3
0.4840 0.4840 15.2
cis-2-Methoxycyclohexanol 0.4684 0.4684 2.9
trans-2-Methoxycyclohexanol 0.4152 0.4152 9.7
0.4311 0.4311 9.7
Ethanol 0.6061 0.6061 56.2
" 0.6061 0.6061 55.5
Propan-1-ol 0.6073 0.6073 55.7
0.6075 0.6075 55.6
Butan-i-ol 0.5961 0.5961 56.3
0.5941 0.5941 54.9
0.5894 1.1788 52.2
0.5852 1.1736 51.3
2-Methoxyethanol 0.5964 0.5964 67.2
0.5945 0.5945 68.7
0.3076 0.6153 66.8
0.3076 . 0.6150 68.1
3-Methoxypropan-1-ol 0.6016 0.6016 55.8
0.6008 0.6008 55.4
4-Methoxybutan-1-ol 0.5939 0.5929 58.7

0.5929 0.5929 579

p-glucitol (1.20 g, 16.9%) was obtained, having b.p. 125-126°/0.2 mm, »SCK 3625
(free OH) and 3596 cm~1 (shoulder, due to contaminant dianhydride) (Found:
C, 51.25; H, 6.3%). '
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In a-duplicate expenment ‘the ylelds (calculated on acetic anhydnde) were
,5—d1—acetate, 57-8%; 2-acetate 27 6%; and 5-acetate 17 1%. :

(b)) W lth acetic anhydrtde pyrzdme and pyna'me hydrochlorzde A solution of the
dianhydride (5.67 g), acetic anhydride (3.88 ml, 1 mol.), and pyridine hydrochloride
(2 g) in pyridine (50 ml) was stored at 25° for 24 h. The acetates were isolated and
fractionated as in (a) to give the 2,5-diacetate (2 10 g, 47%), the 2-acetate (o 88 g,
12%), and the 5-acetate (3.14.g, 42.9%).

When either of the mono-acetates was dissolved in pyndme, or pyrldme con-
taining pyridine hydrochloride, and then isolated as in (a), acyl migration did not occur.

5-O-Acetyl-1,4:3,6-dianhydro-2-O-p-phenylazobenzoyl-D-glucitol

Acetylation of 1,4:3,6-dianhydro-2-0O-p-phenylazobenzoyl-D -gluc1t012w1thacet1c
" anhydride and pyridine, in the usual manner, gave the title compound, m.p. 95-96°
(from ethanol) (Found: C, 63.55; H, 5.1; N, 6.9. cquoNzos calc:: C, 63.6; H, 5.1;
N, 7.1%0)-

The same product was formed on p- phenylazobenzoylatnon of the s-acetate
described above.

2-O-Acetyl-1,4:3,6-dianhydro-5-O-p-phenylazobenzoyl-p-glucitol

Acetylation of 1,4:3,6-dianhydro-5-O-p-phenylazobenzoyl-p-glucitol2 with acetic
anhydride and pyridine, in the usual manner, gave the tltle compound; m.p. 145-146°
(from ethanol) (Found: C, 63.7: H, 5.1: N, 7.0%).

The same product was obtained on p-phenylazobenzoylation of the 2-acetate
described above.

5-Azido- and 5-amino-2-phenyl-1,3-dioxans
A mixture of sodium azide (3.9 g) and cis-5-methanesulphonyloxy-2-phenyl-
1,3-dioxan?3 (5 g) in N,N-dimethylformamide was boiled under reflux for 6 h. The
cooled mixture was diluted with chloroform (200 ml) and washed with water (8o ml).
The aqueous washings were washed with chloroform (2 X 40 ml), and the combined
chloroform solutions were washed with water (6o ml), decolourised with charcoal,
dried (MgS0s), and concentrated. Recrystallisation of the residue from light petroleum
(b.p. 60-80°) gave trans-s-azido-2-phenyl-1,3-dioxan (2.2 g, 55%), m.p. 65.5-66.5°,
»CHCIS 5153 cm-1 (azide) (Found: C, 58.9; H, 5.4; N, 20.3. C1oH11N30; calc.: C, 58.6;

max
H, 5.4; N, 20.5%).

By essentially the same method, rrans-s5-methanesulphonyloxy-2-phenyl-1,3-

dioxan?3 was converted into the cis-5-azido derivative (69%), b.p. 120-124°/0.15 mm,
vSHCI8 5121 cm~1 (azide) (Found: C, 58.9; H, 5.7; N, 20.3%).

A solution of the frans-5-azido compound (1.6 g) in ether (25 ml) was added
dropwise to lithium aluminium hydride (0.6 g) at such a rate that gentle boiling occurred,
and boiling was continued for an additional hour. Ethyl acetate (1.8 ml), ether (25 ml),
and water (1.3 ml) were then added successively, and the mixture was boiled for 10 min.’
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Insoluble material was collected and washed with ether. Concentration of the combined ‘

filtrate and washings, and recrystallisation of the residue from light petroleum (b.p.
60-80°) gave trans-5-aminc-2-phenyl-1,3-dioxan (1.14 g, 827,), m.p. 53-54° (Found:
C, 66.9; H, 7.5; N, 7.8. C1oH1sNO2 calc.: C, 67.1; H, 7.3; N, 7.8%). The N-acetyl
derivative, prepared by the standard procedure, had m.p. 200-200.5°, »S512 1680 cm™1
(C=0) (Found: C, 64.8; H, 6.8; N, 6.0. C12H15NO3 calc.: C, 65.1; H, 6.8; N, 6.3%).

By essentially the above method, the cis-5-azido compound was converted into
the cis-5-amino derivative (58%), b.p. 130-134°/0.6 mm (Found: C, 66.8; H, 7.0;
N, 7.8%) and thence into the cis-5-acetamido compound, m.p. 152-153°, PGac™®

1666 cm™1 (C=O0) (Found: C, 65.1; H, 7.0; N, 6.2%).

Competitive acetylation of the 5-amino-2-phenyl-1,3-dioxans

Freshly distilled acetic anhydride (0.055 ml, 1 mol.) was added to a solution of
cis- and trans-5-amino-2-phenyl-1,3-dioxan (100 mg of each) in pyridine (0.5 ml) and,
after storage of the mixture overnight, saturated aqueous sodium hydrogen carbonate
was added. Extraction with chloroform (3 X 10 ml), and concentration of the com-
bined and dried (MgSQy) extracts gave a residue which was analysed by n.m.r. spectro-
scopy, as described below. A similar, competitive acetylation was carried out using
a mixture of cis- and trans-s-hydroxy-2-phenyl-1,3-dioxan.

The n.m.r spectra were obtained by using a Varian A60 spectrometer on ca.
10% solutions in chloroform with a 6% solution of tetramethylsilane in chloroform as
external reference. Resonance for the acetyl protons in the cis- and trans-s-acetamido
derivatives occuired at v 7.98 and 8.03, respectively, and in the cis- and trans-5-
acetoxy compounds at 7.86and 7.96, respectively. Integration of the peak areas (expan-
ded scale, 100-sec sweep-time) gave the proportions of individual acetates. The validity
of the method was established by using standard mixtures. In the competitive acetyl-
ation of the 5-amino compounds, the cis,trans ratio of the resulting acetates was 1.45,
and for the 5-hydroxy compounds, 0.17.
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SUMMARY

The rate constants for the esterification of a series of alcohols with acetic anhy-
dride at 25° have been determined. No rate-enhancement effect attributable to
intramolecular hydrogen-bonding was observed, in contrast to esterifications with
acid chlorides and sulphonyl chlorides in pyridine. With acetic anhydride in pyridine,
1,4:3,6-dianhydro-b-glucitol is selectively acetylated at position 2. If pyridine hydro-
chloride is also present in the mixture, selective esterification occurs at position 5.
The mechanisms of these and related reactions is considered.
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cis-5-Amino-2-phenyl-1,3-dioxan is more rapidly esterified with acetic anhydride
in pyridine than is the frans-isomer; parallel results have been observed in the cyclo-
hexane series.
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BRAUNUNGSREAKTIONEN UND FRAGMENTIERUNGEN VON
KOHLENHYDRATEN :
TEIL 1. DIE FLUCHTIGEN ABBAUPRODUKTE DER PYROLYSE VON D-GLUCOSE

K. HeyNs, R. Stute, unD H. PAULSEN
Chemisches Staatsinstitut, Institut fiir Organische Chemie, Universitdt Hamburg (Deursclxlana’)

(Fingegangen den 3. Dezember, 1965)

EINLEITUNG

Beim Erhitzen von D-Glucose oberhalb des Schmelzpunktes beginnt ab 150-160°
unter Gelbfirbung ein pyrolytischer Abbau, der bei steigender Temperatur und
fortlaufender Erhitzungsdauer zu stark dunkel gefirbten polymeren Verbindungen
als Riickstand fiihrt. Wihrend des Erhitzens entweicht ein Gemisch von Wasser,
CO2 und organischen Abbauprodukten. In der vorliegenden Untersuchung wurde
D-Glucose unter Standardbedingungen rasch auf 300° erhitzt und die dabei gebildeten
fliichtigen Abbauprodukte untersucht.

Gaschromatographische Untersuchungen iiber den thermischen Abbau von
Kohlenhydraten wurden bisher an Cellulose!;2,3, Hydroxyithylstirket und ins-
besondere von Bryce und Greenwood5:6 an Stirke und verschiedenen Mono- und
Disacchariden durchgefiihrt, nachdem schon Cerniani” mit Hilfe der konventionellen
Gasanalyse die Zusammensetzung einiger dabei gebildeter, nicht kondensierbarer
Gase aunfgeklirt hatte. Ferner sind im Aroma des gerdsteten Kaffees eine Reihe
von Abbauprodukten identifiziert worden, deren Entstehung zum grossen Teil auf
den Gehalt an Kohlenhydraten in der Kaffeebohne zurlickzufithren ist8,9.17,18,

"Eine Zuordnung der Substanzpeaks in den Gaschromatogrammen allein
durch Vergleich der Retentionszeiten, wie sie von Bryce und Greenwood durchgefiihrt
wurde, kann nach unseren Erfahrungen zu Fehlschliissen fiihren. Bei der thermischen
Fragmentierung von Zuckern entstehen Stoffe aus verschiedenen Substanzklassen in
so grosser Zahl, dass auch mit Kapillarsdulen hoher Trennleistung eine hinreichende
Auftrennung nicht fiir alle Komponenten erreicht werden kann. Weitere chemische
oder physikalische Methoden, denen spezielle Anreicherungs- und Nachweisverfahren
vorausgehen, miissen zur sicheren Identifizierung herangezogen werden. So erfolgte in
dieser Untersuchung nach gaschromatographischer Trennung die Identifizierung
durch eine Kombination mikroanalytischer Methoden mit der Massenspektrometrie.

METHODEN UND RESULTATE

Pyrolyseapparatur und Ausfiihrung der Pyrolyse
Das Frhitzen von Kohlenhydraten auf hohere Temperaturen ist mit einer
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heftigen Gasentwicklung verbunden, die zum Aufbldhen der Schmelze fiihrt. Da der
Anteil fliichtiger organischer Stoffe gegeniiber Wasser und dem nichtfliichtigen
Riickstand klein ist, miissen jeweils 100 g D-Glucose unter gleichbleibenden Bedingun-
gen eingesetzt werden, wenn man priparativ trennbare Mengen erhalten will. Die
Schwierigkeiten, reproduzierbare Ergebnisse bei diesen Mengen zu erreichen, bestehen
in einer exakten Warmefithrung. Ein moglichst schneller Temperaturanstieg ist anzu-
streben, da Umwandlungsprodukte, die bei tiefer Temperatur entstehen, den Verlauf
der Zersetzung bei hoherer Temperatur beeinflussen und Sekundirreaktionen liefern
konnen. Ferner solldas Temperaturgefilleinnerhalbder abzubauenden Probe moglichst
gering seinl®. Die Pyrolyse erfolgte daher in 2-6 cm weiten Glasrohren bei 300° in
einem Stickstoffstrom, der entsprechend vorgeheizt wurde. Die Temperaturen der
Rohrwand und des Gasstromes wurden durch Thermoelemente gemessen. Inhomo-
genitidten der Beheizung und ein Verstopfen des Rohres bei der Pyrolyse lassen sich
durch Vermischen der pD-Glucose mit grobkdrnigem Quarzsand (Verhiltnis 1:15)
vermeiden. In drei hintereinander geschalteten Kiihlfallen wurden 3 Fraktionen

erhalten.

D-Glucose (100%)

Q

300
Kondensat I Kondensat I Kondensat 111 Riickstand
45-47% 0,5-1,0% 0,28-0,35% 46-507,

©

500

Kondensat I Kondensat II1 Riickstand
12-157; 0,8-0,9% 25-27%

Das Kondensar I (Menge 45—-47 % bezogen auf p-Glucose) enthilt eine bei -}-60°
am absteigenden Kiihler kondensierte Fraktion, die sauer reagiert (pH 2,5-3,0) und
eine violette Eisen(III)Chlorid-Reaktion zeigt; sie enthdlt viel Wasser und schwerer
fliichtige, meist wasserlosliche Anteile.

Das Kondensat IT (Menge 0,5—1,0%;) wurde bei 0°C im Eisbad kondensiert und
besteht ebenfalls iiberwiegend aus Wasser, in dem leichtfliichtige wasserl6sliche
Stoffe enthalten sind. Diese Fraktion wurde nach gaschromatographischer Priifung
zur Aufarbeitung mit dem Kondensat I vereinigt.

Das Kondensat ITIT (Menge ~ 0,3%) wurde durch Kiihlung auf —80° erhalten und
enthilt die leichtfliichtigen und wasserunloslichen Stoffe. Die nichtkondensierbaren
Gase wurden nicht untersucht, da ihre Zusammensetzung bereits bekannt ist? 11,

Der Riickstand der Pyrolyse ist braun-schwarz und fest mit dem Quarzsand
verklebt. Er wurde einer Nacherhitzung auf 500° unterworfen, wobei ein staub-
formiger kohleartiger Riickstand gebildet wird, und sich wiederum 3 entsprechende
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Kondensate gewinnen lassen. - Das Kondensat I11/500° zeigt qualitativ eine dhnliche
Zusammensetzung wie das Kondensat 111/300°. Es konnte daher fiir Parallelversuche
verwendet werden. Das Kondensat III/500° enthilt einen vergleichsweise hoheren
Anteil an aromatischen Kohlenwasserstoffen und weniger Furane als das Kondensat
III/300°. Die Kondensate III sind praktisch wasserfrei und kénnen ohne vorheroehende
Aufarbeitung der gaschromatographlschen Trennung zugefuhrt werden. -

Trennung und Identzﬁzierung der leichtﬁiiclztigen Pyrolyseprodukte ( Kondensat 1)

Ein Gaschromatogramm des Kondensats III auf einer Kapillarsiule zeigt bei
Anwendung ecines Temperaturprogramms iiber 130  verschiédene Substanzpeaks,
von denen etwa 30 Substanzen in einer Konzentration iiber 19, vorliegen (Abb. I1).
Weitere 30 Substanzen in einer Konzentration unter 19, lassen eine sichere Identi-
fizierung noch zu. Genaue Untersuchungen zeigten, dass auch an Kapillarsiulen
scharfe Peaks oft aus 2 oder 3 Substanzen bestehen. Die Retentionszeit relcht somit
zur Charakterisierung eines Stoffes nicht aus. SR

Ein derartig komplexes Gemisch, wie es im Kondensat III vorliegt, erfordert
zur gaschromatographischen Trennung eine Vortrennung an verschiedenen prépara-
tiven Sdulen mit stationdren Phasen unterschiedlicher Selektivitdt. So liessen sich an
der priparativen Siule B, (Trikresylphosphat) bzw. Cp (88'-Oxydipropionitril) die
im Kondensat III auftretenden Substanzen nach Stoffklassen auftrennen. Die so
erhaltenen Einzelfraktionen von Homologen waren dann an der Kapillarsdule Ax
(Polypropylenglykol) vollstindig zerlegbar.

Bei der Trennung auf der priparativen Sdule C; liessen sich Acetaldehyd,
Propionaldehyd, Aceton, Butanon-2, Furan, 2-Methylfuran, 2,5-Dimethylfuran, und
2-Methyl-s-dthylfuran rein in einer Menge isolieren, die eine Identifizierung iiber
Massen- und IR-Spektren bzw. iiber Mischschmelzpunkte der 2,4-Dinitrophenyl-
hydrazone zuliess. Die restlichen 3 Fraktionen bestehen aus 2 bis 7 Komponenten,
die vorteilhafter durch eine unabhingige Trennung auf der priparativen Siule B, zu
gewinnen sind, wobel auf die Abtrennung der bereits bekannten Verbindungen
verzchtet wird. :

Die Sidule B, besitzt eine um 50° hShere maximale Arbeitstemperatur und
eignet sich besser zur Trennung der hoher siedenden Komponenten. Durch Probe-
trennungen wurden 14 Fraktionen als giinstigste Schnitte festgelegt. 3 Fraktionen
waren einheitlich und bestanden aus 2,3,5-Trimethylfuran, 1,3,5-Trimethylbenzol,
und Furfurol. Die iibrigen 11 Fraktionen enthielten 2 oder ' mehr Komponenten, die
gaschromatographisch an Kapillarsdulen weiter aufgetrennt und mit Hilfe der
,, Syringe-reactions’>”> und der Massenspektrometrie identifiziert werden konnten.
Die aus der Kapillarsiule austretenden reinen Substanzen wurden dabei direkt ins
Massenspektrometer eingelassen. Selbst wenn sich die Retentionszeiten nur wenige
Sekunden unterscheiden, kann man bei schnellem Massendurchlauf und Photo-
registrierung das Massenspektrum jeder einzelnen Substanz aufnehmen.

Substanzen, deren Vergleichsspektren bekannt sind, lassen sich auf diese
Weise leicht identifizieren, obwohl durch die schnelle Registrierung mit kontinuier-
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lichem Massendurchlauf merkliche Verschiebungen in den relativen Peakintensititen
auftreten. Isomere Verbindungen wie z.B. 0-, m-, und p-Xylol unterscheiden sich bei
gleicher Peakverteilung hiufig nur wenig in den Peakintensititen und lassen sich
nur dann sicher zuordnen, wenn gleichzeitig mit der Aufnahme des Massenspektrums
die gaschromatographische Retentionszeit bestimmt wird. Fiir unbekannte Substanzen
liefert das Massenspektrum in der Regel das Molekulargewicht und die fiir die Stoff-
klasse und die Art der Substituenten charakteristische Peakverteilung,

Welcher Stoffklasse die unbekannten Stoffe in den Gemischen angehéren und
welche funktionellen Gruppen sie enthalten, wurde mit der Methode der ,, syringe-
reactions >’ nach Hoff und Feit'2 bestimmt. Bei diesem Verfahren wird das Substanz-
gemisch in Dampfform in einer gasdichten Spritze mit speziellen Gruppenreagenzien,
wie z.B. Hydroxylaminhydrochloridlésung als Reagenz auf Carbonylverbindungen,
behandelt. Die kapillargaschromatographische Untersuchung des Restdampfes
zeigte dann, welche Substanzen nach dieser Behandlung infolge Reaktion ihrer
funktionellen Gruppen aus dem Gemisch verschwinden. Alle 11 Fraktionen wurden
nach diesem Verfahren auf die verschiedensten funktionellen Gruppen gepriift.

‘Wie in besonders schwierigen Fillen eine Kombination beider Verfahren ange-
wendet wird, zeigt das Beispiel der ungesittigten Substanz Nr. 35 (und deren Homo-
logen Nr. 55, 63, 64, 78, 81), fiir die auf Grund der Massenspektren und der ,,syringe-
reaction” die Struktur eines Vinylfurans oder Athylcyclopentadiens in Frage kommt.
Fiibhrt man mit dieser Substanz eine Syringe-Hydrierungsreaktion durch und nimmt
das Massenspektrum der an der Kapillarsiule getrennten hydrierten Verbindung auf,
so findet man eine Zunahme des Molekulargewichts um 6 Einheiten. Nur Vinylfuran,
welches eine Doppelbindung mehr enthilt als das Athylcyclopentadien, kann bei der
Hydrierung 6 Wasserstoffatome aufnehmen.

Besonders schwierig gestaltete sich die Identifizierung der zahlreichen, im
Kondensat III enthaltenen substituierten Furane, deren Massenspektren und gas-
chromatographisches Verhalten nicht bekannt war. Fiir Vergleichszwecke mussten
daher 32 Furanderivate synthetisiert werden. Die massenspektrometrische Unter-
suchung dieser Verbindungen lieferte detaillierte Vorstellungen iiber den massen-
spektrometrischen Zerfallsmechanismus substituierter Furane!®, welche wiederum
entscheidende Hinweise auf die Struktur der unbekannten Substanzen ergab.

Die Aussagen der Massenspektrometrie, der ,, syringe-reactions *” und eine sich
aus der Retentionszeit ergebende Siedepunktabschitzung fithrten zu der wahrschein-
lichsten Struktur der unbekannten Verbindung. Die nunmehr abschliessend gezielt
ausgefiihrte Synthese erlaubte dann eine sichere Identifizierung.

Insgesamt 56 verschiedene Stoffe konnten auf diese Weise im Kondensat III
nachgewiesen und identifiziert werden, welche in Tab. I einschliesslich der zur Identi-
fizierung benutzten Methoden angegeben sind. Die Verfahren der Identifizierung
gelingen nur nach gaschromatographischer Vortrennung, da sonst infolge Peak-

-tiberlappungen, die auch an Kapillarsiulen auftreten, Massenspektrometrie und
»»Syringe-reactions > keine eindeutigen Ergebnisse liefern. Nur beim Acrolein,
Methacrolein, n- und iso-Butyraldehyd stellt der Vergleich der Retentionszeiten
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TABELLE I .

LEICHTFLﬁCHTIGE ZERSETZUNGSPRODUKTE DER D-GLUCOSE

137

Peak-Nr. Substanze. Sdulentyp u. Methoden der
in Abb. Fraktion der - Identifizierung
ru 2 Vortrennung ty SR MS IR DNPH®
1 Acetaldehyd Cp, Fra. 2 + + + +
2 Propionaldehyd Cp, Fra. 4 + + +
3 Furan Cp, Fra.1 + + + +
4 Aceton Cp, Fra. 6 + 4+ 4+ 4+ +
5 Acrolein K IIIY + +
7 iso-Butyraldehyd K IIi + +
9 Methacrolein K 111 4+ +
1I n-Butyraldehyd K III -+ +
12 2-Methylfuran Cp, Fra. 3 + 4+ + +
13 Butanon-2 Cp, Fra. 8 + 4+ + -+
14 3-Methylfuran Cyp, Fra. 3 + 4+ +
i5 Buten-3-on-2 Cp, Fra. 8 + 4+ +
16 Butandion-2,3 Cp, Fra. 10 + 4+ 4+ +
17 3-Methylbutanon-2 Bp Fra.2 + 4+ -
18 Benzol Cp, Fra. 5 + 4+ +
21 3-Methylbuten-3-on-2 By, Fra. 3; Cp, Fra. 9 + + +
22 Pentanon-2 Bp, Fra. 3; Cp, Fra. 9 + 4+ +
23 2-Athylfuran By, Fra. 2 + 4+ +
24 Crotonaldehyd Bp, Fra. 4; Cp, Fra. 11 4+ 4+ 4+
2 2,5-Dimethylfuran Bp, Fra. 2; Cp, Fra. 9 + 4+ + -+
26 Pentanon-3 Byp, Fra. 3; Cp, Fra. 9 + + 4+
33 Pentandion-2,3 Bp, Fra. 4; Cp, Fra. 11 + + +
35 2-Vinylfuran Bp, Fra. 4 + 4+ +
36 Toluol By, Fra. 5 + + +
38 2-n-Propylfuran By, Fra. 5 + 4+ +
41 2-Methyl-s5-dthylfuran By, Fra. 5 + 4+ 4+ +
42 Hexanon-3 Bp, Fra. 6 + 4+ -+
Penten-3-on-2 Bp, Fra. 7 + 4+ +
44 Hexanon-2 By, Fra. 7 4+ 4+ -+
47 2,3,5-Trimethylfuran By, Fra. 6
Penten-2-al-1 Bp, Fra. 8 + + -+
50 2-Methyl-5-isopropylfuran By, Fra. 6 + 4+ +
54 Pentadien-1,3-al-5 Bp, Fra. 10 + + +
55 2-Methyl-s-vinylfuran Bp, Fra. 8; Cp, Fra. 10 4 4+ +
57 Athylbenzol By, Fra. 9; Cp, Fra. 10 4+ 4+ -+
58 2-Methyl-s-n-propylfuran
2,5-Diathylfuran Bp, Fra. 8 + 4+ -+
60 p-Xylol Bp, Fra. 9, Cp, Fra. 10 + + +
61 m-Xylol Bp, Fra. 9, Cp, Fra. 10 + + +
63/64 cis-2-Propenyl-furan Bp, Fra. 10 + 4+ 4+
trans-2-Propenyl-furan
67 0-Xylol Bp, Fra. 11 + 4+ +
69 Cyclopentanon K Ie 4L 4+ 4
75 Furan-3-aldehyd KIi + +
78 cis-2-Methyl-5-propenylfuran Bp, Fra. 13 + + 4+
79 Furfurol By, Fra. 14, K 1 + 4+ + 4+ +
8o 1,3,5-Trimethylbenzol Bp, Fra. 12 + 4+ +

Fortsetzung Seite 138
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TABELLE I (Forisetzung)

Peak-Nr. - Substanz¢ Sdulentyp u. : " Methoden der
in Abb. Fraktian der Identifizierung
ru.2 ) Vortrennung tr SR MS IR DNPH®
81 trans-2-Methyl-5-propenylfuran Bp, Fra. 13 + + +
82 2-Methyl-3(furyl-2)propen-2 Bp, Fra. 13 4+ + +
86 1,2,4-Trimethylbenzol Bp, Fra. 13 + + +
[+]s] 2-Acetylfuran KI + + + + 4
91 1,2,3-Trimethylbenzol direkt + + +
99 -2,3-Benzofuran K1 -+ —+
100 5-Methylfurfurol KI 4+ + + + +9

2SR = Gruppenzuordnung durch ,,syringe-reaction *’. 7 = Identifizierung durch Priifung auf gas-
chromatographisch identisches Verhalten. MS = Identifizierung iiber Massenspektrum. IR = Iden-
tifizierung iiber IR-Spektrum. DNPH = Identifizierung Uber Mischschmelzpunkt des 2,4-Dinitro-

phenylhydrazons. .

bDirekt im Kondensat III nachgewiesen.

¢isoliert aus Kondensat I.

2Mischschmelzpunkt des p-nitrophenylhydrazons

e[nzwischen wurden auch die Verbindungen Nr 34 und 56 sicher identifiziert. Es handelt sich um

2-Tsopropylfuran (Nr 34) und 2-Isopropenylfuran (Nr 56).

und der Nachweis, dass es sich um Aldehyde handelt, eine hinreichend sichere
Identifizierung dar, weil bei so niedrigen Siedepunkten nur diese Aldehyde in Frage
kommen. Die Substanz Nr. 75 besitzt ein mit dem Furfurol identisches Massenspek-
trum und diirfte auf Grund des im Vergleich zum Furfurol niedrigeren Siedepunktes
Furan-3-aldehyd sein. Von den Substanzen Nr. 29 und 37, die in Tab. I fehlen, wurden
bisher keine Vergleichssubstanzen hergestellt. Es handelt sich um Furane mit dem
Molekulargewicht 96.

Eine Reihe von Verbindungen, deren Bildung bisher bei der Zersetzung von
Kohlenhydraten angenommen wurde, konnte bei der D-Glucose durch die Anwendung
der genannten Methoden sicher ausgeschlossen werden. Hierzu gehdren Methanol,
Isopropylalkohol-8,5,:10,  Furfurylalkohol®, Valeraldehyd®¢ und Benzaldehyd?!®.
Ebenso sind Ester und andere Alkohole, die u.a. beim Kaffeerosten®-17.18 gebildet
werden, im Pyrolysat der p-Glucose sicher nicht vorhanden. Bemerkenswert ist die
grosse Anzahl der im Pyrolysat gefundenen Furane; von den insgesamt 24 nach-
gewiesenen Furanen konnten 122 identifiziert werden. Bisher waren nur Furan,
2-Methylfuran, und 2,5-Dimethylfuran4.5:6.13 als Produkte der Kohlenhydratpyrolyse
bekannt. Auch ungesittigte Aldehyde, wie das Pentadien-1,3-al-5 liessen sich erstmals
in Pyrolyseprodukten von Kohlenhydraten nachweisen.
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Trennung und Identifizierung der schwerer fliichtigen Pyrolyseprodukte (Kondensat I)

Das Kondensat I, welches die Hauptmenge des Pyrolysats ausmacht, . ldsst
sich gaschromatographisch nicht direkt untersuchen, da es einen zu hohen Wasser-
gehalt besitzt. Durch vorsichtige Destillation im Vakuum bei o° ldsst sich ein Destillat
gewinnen, welches sich als organische Phase vom Wasser abscheidet.

Eine Analyse dieser wasserdampfiliichtigen Stoffe, die &hnlich wie beim Konden-
sat III iiber gaschromatographische Vortrennung, Untersuchung an Kapillarsdulen,
Massenspektrometrie und ,,syringe-reactions > durchgefiihrt wurde, zeigte folgende
Substanzen: Penten-3-on-2, Penten-2-al-1, Pentadien-1,3-al-5, Cyclopentanon,
Furan-3-aldehyd, Furfurol, 2-Acetylfuran, und 5-Methylfurfurol, die alle im Konden-
sat III bereits gefunden wurden. Ferner wurden 2-Methyltetrahydrofuranon-3,
Cyclopenten-2-on-1, und 2-Methyl-5-acetylfuran identifiziert; sie wurden erstmals in
Kohlenhydratpyrolysaten nachgewiesen. Zwei Substanzen sind auch Bestandteile des
Kaffecaromas8-9-18, Eine weitere Aufarbeitung der wissrigen Phase des Kondensat 1
musste durch vorsichtige Atherextraktion erfolgen, da beim Erwdrmen schnelle
Braunfiarbung eintrat. Die Aufarbeitung wurde nach folgendem Schema durchgefiihrt :

Kondensat 1
48 h Ather
wiissrige Phase Atherextrakt
Gefriertrocknung (3xmit | NaHCOy)
Sirup (0,7%0)
Sduren (0,8%) Neutralstoffe (5-674)

Die wissrige Phase ergab nach dem Einengen durch Gefriertrocknung einen
gelben Sirup (0,7% bezogen auf p-Glucose), der, wie sich diinnschichtchromato-
graphisch zeigen ldsst, iiberwiegend aus 1,6-Anhydro-g-p-glucopyranose neben sehr
wenig 5-Hydroxymethylfurfurol besteht.

Aus dem Atherextrakt liessen sich durch Ausschiitteln mit NaHCOj die folgen-
den Carbonsduren erhalten, die durch Gaschromatographie der freien Sduren, der
Methyl- und n-Amylester und durch Diinnschichtchromatographie der p-Brom-
phenacylester nachgewiesen wurden: Ameisensidure 289, Essigsdure 649, Propion-
sdure 7%, iso-Buttersidure <<0,3%, n-Buttersdure <<0,3%. Die Gesamtkonzentration
der Sduren betrigt etwa 0,8% bezogen auf D-Glucose. In geringer Menge treten
Livulinsidure und Brenztraubensiure auf.

Die Neutralfraktion des Atherextraktes enthielt mit etwa 5% die Hauptmenge
der organischen Substanz. Sie riecht charakteristisch nach Caramel und zeigt eine
intensiv violette FeCls-Reaktion, was auf die Anwesenheit von Maltol hindeutet.
Durch vorsichtige Destillation im Vakuum bis 50° lassen sich Destillate gewinnen,
die Furfurol, 2-Acetylfuran, 5-Methylfurfurol, und Cyclopenten-2-on-1 als Haupt-
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komponenten enthalten. Eine weitere Auftrennung der Neutralfraktion durch Destil-
lation ist wegen der oberhalb 50° beginnenden Abbaureaktionen nicht moglich. Eine
diinnschichtchromatographische Untersuchung der Neutralfraktion zeigte neben
wenig - 1,6-Anhydro-g-D-glucopyranose, 5-Hydroxymethylfurfurol, Brenzcatechin
und Maltol als Hauptkomponente 1,4:3,6-Dianhydro-p-glucopyranose (farblose
Kristalle, F = 126°), die durch priparative Diinnschichtchromatographie isoliert
wurde. Die Struktur dieser Verbindung ergibt sich aus Elementaranalyse, Frag-
" mentierungsschema des Massenspektrums!4, und einer vollstindigen Analyse
der Kopplungskonstanten des NMR-Spektrums; sie ist identisch mit der von
Tishchenkol5 bei der Holzvergasung und Bedford!® beim Erhitzen von Amylose
erhaltepen Substanz. '

Um einen Uberblick iiber die quantitative Zusammensetzung der Neutralfrak-
tion zu gewinnen, wurde die Gesamtfraktion mit Hexamethyldisilazan und Trimethyl-
chlorsilan in die Trimethylsilylither iiberfithrt und an 3 verschiedenen Saulen
gaschromatographisch untersucht. Die Auswertung der Peakflichen lieferte folgende
Verteilung : 1,4:3,6-Dianhydro-D-glucopyranose 75 %, 1,6-Anhydro-f-D-glucopyranose
3%, s5-Hydroxymethylfurfurol 187, Brenzcatechin 3%, Maltol 29%. Einwertige
Phenole liegen bei einer Pyrolysetemperatur von 300° in nachweisbarer Menge nicht
vor. Resorcin und Hydrochinon sind vermutlich in geringer Menge vorhanden.
Ob Iso- und Allo-maltol vorkommen, ldsst sich nicht entscheiden, da sie gaschromato-
graphisch von I,4:3,6-Dianhydro-p-glucopyranose nicht ausreichend getrennt werden.

1,4:3,6-Dianhydro-D-glucopyranose stellt somit den iiberwiegenden Bestandteil
der Neutralfraktion dar. Da diese, wenn man vom Wasser absieht, mit 5% die Haupt-
menge des Gesamtpyrolysats ausmacht, ist 1,4:3,6-Dianhydro-p-glucopyranose mit
einem Anteil von schitzungsweise 29 am Pyrolysat die mengenmissig wichtigste
gebildete Substanz. Sie iibertriffit unter den gegebenen Versuchsbedingungen den
Anteil der 1,6-Anhydro-g-p-glucopyranose.

DISKUSSION

Die Karamelisation unter fortschreitender Entstehung von Braunungsprodukten
und Entweichen fliichtiger Abbauprodukte ist bei allen Kohlenhydraten zu beobachten,
wenn sic hoheren Temperaturen ausgesetzt werden. Die beim Erhitzen von Kohlen-
hydraten in Nahrungsmitteln unter dhnlichen Bedingungen bei Braunungsreaktionen
entstehenden Umwandlungsprodukte sind als Geschmacks- und Aromastoffe von
Bedeutung.

Die vorstehend bei der thermischen Fragmentierung von p-Glucose gewonnenen
Ergebnisse sind im Hinblick auf die prozentuale Verteilung der enstehenden Reaktions-
produkte von den Versuchsbedingungen abhingig. Temperatur, Erhitzungszeit,
Erhitzungsfliche, und Strémungsgeschwindigkeit des Inertgases haben einen Einfluss
auf den Verlauf der Pyrolyse. Mengen und Konzentrationsangaben sind daher nur
fiir die jeweils gewéhlten Reaktionsbedingungen reprisentativ.

Beim 4stiindigen Erhitzen von D-Glucose auf 300° verbleiben unter den hier
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gewidhlten Bedingungen 47-50Y%; als schwarzbrauner Zersetzungsriickstand; 45-48%;
der eingesetzten Menge werden in den-Kondensaten I, II, und 1II als fliichtige Ver-
bindungen aufgefangen. Die nicht-kondensierbaren Gase COgz, CO, CH4 usw. werden
mit dieser Versuchsanordnung nicht erfasst. Bryce und Greenwood® haben p-Glucose
18 Stunden im Vakuum bei 300° erhitzt und erhielten einen Riickstand von 2094 und
damit einen wesentlich h6heren Anteil an fliichtigen Stoffen.

Das Hauptprodukt des thermischen Abbaus ist mit etwa 40% durch Dehydra-
tisierungsreaktionen gebildetes Wasser. Unter den organischen Verbindungen im
Pyrolysedestiilat ist 1,4:3,6-Dianhydro-p-glucopyranose (etwa 2%;) mengenmassig
am stdrksten vertreten, es folgen 1,6-Anhydro-f-p-glucopyranose (etwa 0,5-1,0%)
dann ist nur noch Furfurol in vergleichbarer Menge vorhanden. Fiir die Bildung der
beiden Anhydroglucopyranosen ist eine direkte Dehydratisierung der monomeren
D-Giucose anzunehmen.

Das Kondensat III, welches die leichtfliichtigen Substanzen enthilt, ist am
Gesamtpyrolysat nur mit 0,3% beteiligt, die Einzelkomponenten liegen also in
Konzentrationen unter 0,1 % vor. Trotzdem ist die Kenntnis gerade dieser Produkte
von Interesse, weil sie offensichtlich in einer fortgeschrittenen Phase der Pyrolyse
enstehen, inder bereits Dehydratisierungs-, Polymerisierungs-, und Spaltungsreaktionen
parallel ablaufen. Dementsprechend ist das Kondensat 11l ein komplexes Gemisch
der verschiedensten Stoffe.

Mengenmiissigund zahlenmaissig vorherrschende Substanzklasse des Kondensats
111 sind die Furane, von denen 20 verschieden substituierte Verbindungen identifiziert
werden konnten. Mengenmissig folgten als nichstes Diketone und Ketone, die
stirker als Aldehyde vertreten sind. Klein ist der Anteil der aromatischen Kohlen-
wasserstoffe, er steigt bei Erhohung der Pyrolysetemperatur stark an. ’

Innerhalb jeder Substanzklasse ist die Verteilung der Produkte stets so, dass die
thermisch stabilen Anfangsglieder einer Reihe in grosserer Konzentration als die
niichstfolgenden Glieder auftreten. So ist die Menge an Furan grosser als die der
substituierten Furane. Aceton tritt bevorzugt vor Butanonen und Pentanonen auf,
wihrend Hexanone nur in Spuren vorhanden sind. Entsprechend iiberwiegt Acetal-
dehyd vor Propionaldehyd und Butyraldehyd. Auch Butandion-2,3 ist in grosserer
Menge vorhanden als Pentandion-2,3; Benzol und Toluol verhalten sich entsprechend.
Eine derartige Produkten-Verteilung deutet darauf hin, dass die Bildung dieser
Substanzen des Kondensats IIT durch thermische Spaltung bereits gebildeter oligo-
merer und nicht aus monomeren Zersetzungsprodukten erfolgt, da bei dieser Bildungs-
weise kleine Bruchstiicke statistisch bevorzugt sind.

Besonderheiten in der Produktenverteilung zeigen 2,5-substituierte Furane und
Furane mit ungesittigten Seitenketten, die zwar in geringerer Menge als Furan
selbst auftreten, doch gegeniiber den anderen Furanhomologen deutlich bevorzugt
sind. Dieser Befund ist ein Hinweis darauf, dass derartige Strukturen hinsichtlich
der Verkniipfung und der Seitenketten im PolymerkOrper in gewissem Masse pre-

formiert sind.
Ungesittigte Furane und Carbonylverbindungen diirften insbesondere in der
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Anfangsphase der Gesamtreaktion eine wichtige Rolle spielen. Dies zeigt eine Unter-
suchung der Produktenverteilung im Kondensat III bei verschiedenen Pyrolysezeiten.
Eine starke Pyrolysezeitabhiingigkeit wurde gefunden bei 2-Vinylfuran (Nr. 35).
Pentadien-1,3-al-5 (Nr. 54), 2-Methyl-5-vinylfuran (Nr. 55), 2-Isopropenylfuran
(Nr. 56), cis-trans-2-Propenylfuran (Nr. 63/64), und Furfurol (Nr. 79). Diese unge-
sittigten Verbindungen treten im Gaschromatogramm eines nach 30 Min. Pyrolysezeit
erhaltenen Kondensats III stark hervor. (Abb. 2.)In Kondensaten, die nach 4stiindigem
Erhitzen gewonnen wurden, hat ihre Menge erheblich abgenommen (vgl. Abb. 1).
Umgekehrt sind Aceton (Nr. 4), Butanon-2 (Nr. 13), 3-Methyi-butanon-2 (Nr. 17),
2-Methyl-5-athylfuran (Nr. 41), 2,3,5-Trimethylfuran (Nr. 47), und 2-Methyl-5-
n-propylfuran (Nr. 58) bei der Kurzzeitpyrolyse nur in geringer Menge vorhanden.
1hr Anteil steigt bei ldingerem Erhitzen stark an, 3-Methyl-butanon-2 (Nr. 17) und
2-Methyl-5-n-propylfuran (Nr. 58) treten dann neu auf.

Der Gehalt an Benzol (Nr. 18) und anderen aromatischen Kohlenwasserstoffen
ist weniger von der Pyrolysezeit als von der Pyrolysetemperatur abhdngig. Benzol ist
bereits im Kurzzeitpyrolysat enthalten und nimmt auch bei langen Pyrolysezeiten
(bis 20 Stunden) nicht wesentlich zu. Erst bei Erhohung der Pyrolysetemperatur
steigt der Anteil der Kohlenwasserstoffe stark an, so dass bei 500° Benzol, Toluol,
und Xylole Hauptkomponenten des Pyrolysats werden. Die Vinylfurane und Furfurol
sind unter diesen Bedingungen nur in geringer Menge vorhanden, Pentadien-1,3-
al-5 fehlt vollig.

Die Untersuchungen iiber die Pyrolysezeitabhingigkeit lassen erkennen, dass
ungesittigte Verbindungen wie 2-Vinylfuran, Pentadien-1,3-al-5 und 2-Methyl-5-
vinylfuran bereits in der Primérphase des Abbaus der D-Glucose entstehen, wobei die
Bevorzugung des 2-Methyl-s5-vinylfurans besonders hervorzuheben ist. Die letztere
Verbindung hat mehr als 6 C-Atome und kann somit nicht aus monomerer p-Glucose
enstehen. Es scheint daher verniinftig, zwei generell unterschiedliche Wege der
Wasserabspaltung anzunehmen. Der eine Weg fithrt vom Monomeren zur 1,6-Anhydro-
B-D-glucopyranose und 1,4:3,6-Dianhydro-p-glucopyranose; der andere Weg ist
eine dehydratisierende Polymerisation unter moglicher Beteiligung des 5-Hydroxy-
methylfurfurols. Die Mehrzahl der im Kondensat III aufgefundenen Pyrolyseprodukte
diirften bereits thermische Spaltprodukte der auf dem letzten Weg gebildeten Oligo-
meren oder Polymeren sein.

Das bevorzugte Auftreten der Furane im Kondensat 1II weist darauf hin,
dass im Polymerkorper der Furanring als Bauelement eine wichtige Rolle spielen
sollte. Die grosse Zahl der nachgewiesenen 2,5-substituierten Furane deutet auf eine
vorherrschende 2,5-Verkniipfung hin neben einer 3-Verkniipfung, die sich aus den
gefundenen 3-substituierten Furanen ergibt. Fiir diese Annahme spricht der Befund,
dass beim Nacherhitzen des bei 300° erhaltenen polymeren Riickstandes auf 500° neben
unspezifischen Kohlenwasserstoffen und Carbonylverbindungen die gleichen substi-
tuierten Furane wie unter Standardbedingungen erhalten werden, wobei in geringer
Menge auch ungesittigte Furane und Furfurol, aber kein Pentadien-1,3-al-5 nach-
weisbar sind.
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Mit den hier geschilderten Untersuchungen wurden somit erstmalig experimen-
telle Befunde erhalten, die Hinweise auf die mé&gliche Entstehung und die Struktur des
beim Erhitzen von D-Glucose gebildeten Polymerkérpers geben. :

Y

EXPERIMENTELLER TEIL

Ausfiihrung der Pyrolyse

D-Glucose (Merck DAB 6), bei go° i.Vak. getrocknet, wird mit grobkérnigem
Quarzsand 1:15 vermischt und in so-cm lange, 2-cm weite Pyrolyserohre eingefiiilt.
Glaswollepfropfen vor und hinter der Zersetzungszone sorgen fiir eine feste Fiillung.
Das Pyrolyserohr wird in starkwandige Metallhiillen eingepasst, mit nachgereinigtem
Stickstoff (O2<C0,001 %) ausgespiilt und in den auf 300° vorgeheizten Ofen geschoben.
Gleichzeitig wird die Heizpatrone H (60 W/220V) eingeschaltet und die Verbindung zu
den Kiihifallen hergestellt (vgl. Abb. 3). Die Heizpatrone H ist so in das Rohr ein-

l o 0O 0 0o ¢ .O O o o
Np —e —FM: X . :-":, :.
/i C 0 010 © 1h
/1
‘;’ 1 K

up

KondensatI Kondensat@i KondensatId

Abb. 3. Pyrolyse-Apparatur. H, Heizpatrone; T, Thermoelemente; K, Kiihler (60°).

gefiigt, dass der Stickstoff durch die Patrone hindurchstrémt und dabei auf 300°
vorgeheizt wird. Die Metallhiillen sorgen beim Einfithren des Zersetzungsrohres
fiir einen reproduzierbaren Temperaturanstieg der Rohrwand, die Vorheizung des
Stickstoffes fiir ein moglichst geringes Temperaturgefille im Innern des Rohres. Die
Temperaturmessung erfolgte durch Thermoelemente (Isabellin-Konstantan) an der
Rohrwand und im Stickstoffstrom hinter der Heizpatrone. Die Strémungsgeschwindig-
keit des Stickstoffs wurde auf 150 ml/min eingestelit.

Gut reproduzierbare Ergebnisse erhidlt man nur mit kleinen Mengen. Es
konnen 6 cm-Rohre und ein Mischungsverhilinis D-Glucose : Quarzsand von I1:6
benutzt werden, wenn innerhalb des Rohres durch Schichten aus Glaswolle mehrere
gleichmissig gepackte Zersetzungszonen geschaffen werden, da sonst Verstopfen
und Platzen des Rohres eintritt. Das so erhaltene Kondensat ist qualitativ dhnlich
wie das bei kleinen Mengen erhaltene Pyrolysat, zeigt jedoch quantitative Differenzen.
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Wird nur die Gewinnung einer grosseren Menge des: Kondensats angestrebt SO
konnen grossere Mengen D-Glucose zersetzt werden.

Nach 4 Stdn. wurden die Kiihifallen gewechselt und das Rohr 3 Stdn. auf 500°
erhitzt. Der Pyrolyseriickstand ist dann staubférmig und kann aus den Rohren
ausgestossen werden. Die Zersetzung von je 80 g D-Glucose ergab in 10 aufeinander-
folgenden Pyrolysen etwa 3 ml Kondensat 111/300° und 9 ml Kondensat I11/500°.
Beide Kondensate wurden fiir die priparative gaschromatographische Vortrennung,
die Isolierung und Identifizierung der Komponenten verbraucht. Der Einfluss der
Temperatur und der Zersetzungszeit auf die Pyrolyse wurde an der Zersetzung klei-
nerer Mengen (11 g in 225 g Quarz) in 2-cm weiten Rohren studiert.

Gerdte und Sdulen ,

Fiir analytische Trennungen wurde ein Perkin—Elmer-Fraktometer F6/4HF mit
Flammenionisationsdetektor = benutzt, Trigergase: Helium wund nachgereinigter
Stickstoff. Filter aus Aktivkohle oder Molekularsieb 5 A (Merck) verhinderten, dass
Staub und O1 aus den Vorratsflaschen auf die Siule oder in den Detektor gelangen.

Die Trigergasgeschwindigkeit betrug fiir gepackte 2m-Siulen (4,65 mm i.D.)
6o ml/min, fiir 50 m-Kapillarsiulen (0,25 mm i.D.) 1,0 ml/min bei einem Teilungs-
verhiltnis von 1:100. Die Temperatur des Einspeisblocks betrug 230°, die Temperatur
der Ausgangsleitungen 220° und die des Detektorblocks 250°.

Préparative Trennungen wurden mit einem F & M-Modell 770 ausgefiihrt.
Trigergas war Helium oder ein Gasgemisch (209 Helium, 809 Stickstoff); die
Stréomungsgeschwindigkeit betrug 600—9oo ml/min bei den 3/4”-Séulen, und 60 ml/min
bei den 1/4"-Sdulen. Die Temperatur des Einspeisblecks betrug 175°% die Temperatur
des Fraktionssammlers 150°, die des Detektorblocks 240°; der Briickenstrom wurde
auf 150 mA eingestellt. Typ, Eigenschaften, und Anwendungsbereich der fiir diese
Untersuchungen benutzten Siulen sind in Tab. IT angegeben.

Auswahl! geeigneter Sdulenkombinationen

Acetaldehyd, Aceton, Butandion-2,3, Benzol, und Furan sind Vertreter der im
Kondensat III auftretenden 5 Stoffklassen und daher ein reprisentatives Testgemisch
zur Priifung von S&dulenkombinationen. Stationdre Phasen, die eine dieser Test-
substanzen selektiv abtrennen, werden auch deren hdhere Homologen abtrennen.
Die dann vorliegenden Homeclogengemische sind an Kapillarsdulen vollstindig
trennbar und iiber Massenspektren und ,,syringe-reactions ’’ sicher zuzuordnen.

Von 16 untersuchten Phasen erwiesen sich zur Sdulenbelegung die stationiren
Phasen, 4, B, C als besonders gecignet. An den Sdulen A,, Bs, C, unterscheiden sich
die absoluten Retentionszeiten 7 der 5 Testsubstanzen betridchtlich (Tab. III), z.B.
besitzt Butandion-2,3 an der Sdule C, eine extrem hohe Retentionszeit. Die relativen
Retentionszeiten #r, bezogen auf Acetaldehyd, zeigen jedoch, dass an keiner dieser
Saulen eine selektive Abtrennung einer der 3 Carbonylverbindungen Acetaldehyd,
Aceton, oder Diacetyl erfolgt. Furan dagegen wird auf Sidule A, nicht von Aceton
getrennt, auf Sdule B, erscheint es zwischen Acetaldehyd und Aceton,und auf Siule C,
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noch vor Acetaldehyd. Ahnlich verschiebt sich Benzol, das auf Sidule 44 als letzte
Substanz und auf Saule C, vor Aceton austritt. Da innerhalb einer homologen Reihe
die Retentionszeit vom Siedepunkt abhingt, kann durch Kombination dieser 3 Siulen
eine vollstindige Trennung der Furane und ‘aromatischen’ Kohlenwasserstoﬁ'e von
den Carbonylverbindungen erreicht werden. . : :

TABELLE 1I
GASCHROMATOGRAPHISCHE SAULE

Type Stationdre Phase Ldnge i.D, Max. Temp., Anwendung
mm °C
Ag Polypropylenglykol 2m 4,65 175 Vorversuche zur pripara-
(Ucon LB-550X) tiven Trennung
15 % auf Celite 545
B Trikresylphosphat 2m 4,65 125 Vorversuche zur pripara~
15% auf Diatoport W, tiven Trennung
Ca Bp’-Oxydipropionitril 2m 4,65 75 Vorversuche zur pripara-
15% auf Diatoport W, tiven Trennung
Cp Pp-Oxydipropionitril 8 ft 16 75 Préparative Yortrennung
207, auf Diatoport W Kondensat III
Bp Trikresylphosphat 8ft 16 125 Préiparative Vortrennung
209 auf Diatoport W Kondensat II
Az Polypropylenglykol s0m 0,25 175 Analytische Saule fiir alle
(Ucon LB-550X) Untersuchungen am
Kondensat III, der
wasserdampfHiichtigen
Stoffe im Kondensat I,
Methyl- u. Amylester von
Carbonsiduren,
Trimethylsilyldther
Dp Di-iso-decylphthalat 8 ft 16 175 Praparative Vortrennung
20% auf Diatoport W der wasserdampfliichtigen
Stoffe aus Kondensat I
Eg Diithylhexylsebacinat 2m 4,65 150 Carbonsduren C1~Cs
-+ Sebacins@ure
20% auf Celite 545
Fq Silikongummi SE 52 2m 4,65 300 Trimethylsilylather,

59 auf Celite 545

direkte Untersuchung
Kondensat I, u.a.
Bestimmung
Dianhydro-p-glucopyranose,
s-Hydroxymethylfurfurol

aIndex a : gepackte, analytische Sdule; p : gepackte priparative Sdule; k : Kapillarsidule.
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Prdparative Trennungen S

‘Nach -Festlegung der optlmalen Trennbedmgungen durch Vorversuche mit
“dem Kondensat I1I/500° wurde das Kondensat III in mdglichst eng geschnittene
Fraktionen zerlegt. 7 Fraktionen an der Sdule Cp enthielten die niedrig siedenden
Bestandteile. Die iibrigen Komponenten wurden auf der Sdule B, in 14 Fraktionen
zerlegt. Auch Spurenbestandteile wurden mit der Siulenkombination selektiv
abgetrennt und liessen sich sicher nachweisen. Wie gut die Trennung durch Séulen-
kombination gelingt, zeigt Abb. 4 am Beispiel der Fraktion 2 und 3 der priparativen-
Vortrennung an Bjp.

Fraction 2

Fraction 3

min s N - 10 < Q

Abb. 4. Gasch-omatogramm Fraktion 2 und 3 der Vortrennung an Sdule Cp. Sdule: Ay; Sdulen-
temperatur: 50°; Probenmenge: 0,2 ul.

TABELLE III

RETENTIONSZEITVERSCHIEBUNGEN AN BESONDERS SELEKTIVEN STATIONAREN PHASENC

Sdule Ag Sdule By Sdule Cq

t tr t tr t tr
Acetaldehyd 10,5 1,0 15,0 1,0 62,5 1,0
Furan 29,5 2,80 25,5 1,70 54,0 0,86
Aceton 29,5 2,80 44,0 2,94 178,0 2,85
Diacetyl 81,5 7,75 16,5 7,75 4950 7,95
Benzol 114,5 10,90 116,5 7,75 159,0 2,54

aFraktometer F6/4 mit Hitzdrahtdetektor; Sdulentemperatur, 50°; Probenmenge, 1 ul.

Im Gaschromatogramm des Gesamt-Kondensats III (vgl. Abb. I und 2) werden
3-Methylbuten-3-on-2 (Nr. 21); Pentanon-2 (Nr. 22); Pentanon-3 (Nr. 26); 2-Athyl-
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furan (Nr. 23); 2,5-Dimethylfuran (Nr. 25); Crotonaldehyd (NT.' 24), ein noch
unbekanntes isomeres Furan (Nr. 29) und eine Reihe von Spurenbestandteilen nur
unvollkommen getrennt. Durch die Selektivitit der Trennsidule B, gelingt jedoch die
volistdndige  Abtrennung -der. Furane Nr. 23, 25, und 29.in Fraktion 2, von den
Carbonylverbindungen Nr. 21, 22, und 25 in Fraktion 3. Crotonaldehyd (Nr. 24) wird
als ungesittigte Verbindung stdrker zuriickgehalten und erscheint in der 4. Fraktion
der Vortrennung. Das dem Pentanon-2 und Pentanon-3 isomere 3-Methylbutanon-2
(Nr. 17) tritt wegen seines niedrigeren Sledepunktes berexts in der Fraktion 2 zusammen

mit dem Furanen auf.

Verbindung von Gaschromatographie und Massenspekirometrie .

Der Ausgang der Kapillarsdule und der Einlassteil EC2 eines CH Massen-
spektrometers (Atlas-Werke) wurden durch ein 120-cm langes, indirekt beheiztes
Kapillarrohr verbunden. Der Einlassteil EC2 am Massenspekirometer besteht aus
einer auf wenige x Innendurchmesser ausgezogenen, am oberen Ende plangeschliffenen
Glaskapillare, von der ein beheizbares Rohr zur Ionenquelle fiihrt. Die Verbindungs-
kapillare vom Gaschromatographen her endet ebenfalls in der Mitte einer planen
Fldche. Beide Flichen werden fest und mdglichst zentrisch gegeneinander gepresst.
Bei schnellem Massendurchlauf (maximal 1 Massenoktave/o0,6 sec) wurden die Massen-
spektren iiber einen UV-Lichtpunktschreiber (ABEM-Ultragraph) auf Photopapier
registriert. Bei direkter Verbindung von Gaschromatograph und Massenspektrometer
wurde ein parallel geschalteter Oszillograph (Oscilloscope 130 C, Hewlett-Packard)
als Detektor benutzt. Bei gaschromatographisch vollstindig getrennten Ileicht-
fliichtigen Substanzen kO6nnen noch getrennte Massenspektren erhalten werden, wenn
der Unterschied in der Retentionszeit 5 bis 10 sec betrdgt. Hoher siedende Stoffe,
vor allem polare Verbindungen wie z.B. 5-Methylfurfurol werden in den Zuleitungen
zur Ionenquelle festgehalten und werden hédufig auch dann noch im Massenspekiro-
meter angezeigt, wenn bereits lingere Zeit keine Substanz mehr aus der gaschromato-
graphischen Sdule austritt.

Die quantitative Reproduzierbarkeit der Massenspektren ist bei kurzen MeB-
zeiten recht mangelhaft, weil durch den steilen Anstieg und Abfall der gaschromato-
graphischen Peaks die Konzentration der ins Massenspektrometer eintretenden
Stoffe sich wihrend der Messung 4ndert. Die gaschromatographische Trennung
wurde daher bei moglichst niedriger Sdulentemperatur ausgefiihrt, bei der die Peak-

breite gross ist.

Ausfiihrung der ,, Syringe-reactions”™
1-10 #l des zu untersuchenden Gemisches werden in einen mit Serumkappe

verschlossenen, mit nachgereinigtem Stickstoff gefiillten 100 ml-Erlenmeyer-Kolben
eingespritzt. Man entnimmt 2 ml dieses sehr verdiinnten Dampfes mit einer Spritze,
die durch einen diinnen Teflonschlauch mit einer zweiten Spritze verbunden wird.
Die zweite Spritze enthilt 20-100 ul einer Reagenzlsung. Durch mehrfaches Hin- und
Herpumpen wird der Dampf mit dem Reagenz in Beriithrung gebracht und der Rest-
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dampf gaschromatographisch untersucht. Bei hoher siedenden Stoffgemischen werden
Vorratsbehilter und Spritzen im 120° heissen Trockenschrank erwarmt. Auf diese
Weise lassen sich Stoffe mit-Siedepunkten bis zu 175° noch gut untersuchen.

Die Reagenzlosungen wurden nach Hoff und Feit!2 hergestellt. Bewihrt haben
sich: H20 zur Entfernung wasserloslicher Stoffe; Hydroxylaminhydrochloridlésung
zur Entfernung von Carbonylverbindungen; KMnOs-Losung zur Oxydation von
Alkoholen und Aldehyden zu Ketonen; NaBHs-Losung zur Hydrierung von Carbonyl-
verbindungen zu Alkoholen; H2SO4—H20 7:3 zur Entfernung ungesittigter Kohlen-
wasserstoffe und teilweise Entfernung von Furanen; H2SOs konz. zur Entfernung
aller Verbindungen bis auf gesittigte Kohlenwasserstoffe ; PtO2/Hz/H20 zurHydrierung
ungesittigter Kohlenwasserstoffe. Die Umsetzung zu gaschromatographisch trennba-
ren Verbindungen, wic im Falle der Hydrierung mit NaBH;z oder PtOs/Hg, wird bei
unbekannten Stoffen erst wertvoll durch die Verkniipfung der Gaschromatographie
mit der Massenspektrometrie.

Darstellung des 2-Methyl-5-n-propenylfuran

10 g 3-(5-Methylfuryl-2)-2-methyl-acrylsidure wird bei 250-270° am Riickfluss
erhitzt. Das iiberdestillierende Fur