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EINEGHRUNG 

In zahlreichen Arbeiten wurde von H. C. Brown et al.1 die Anlagerung von 
Diboran an Olefine beschrieben, die toter der Bezeichmmg Hydroborierung vielfache 
Anwendung in der prgparativen organ&hen Chemie gefunden hat. Die c&-Addition 
von Boran, die, nach Verseifung, zur Bildung von Alkoholen ftihrt, verl&ft mit 
wenigen Ausnahmen anti-Markownikoff. Erst vor etwa zwei Jahren konnten 
Wolfrom et aZ.2 die Brauchbarkeit der Methode fiir die Kohlenhydratchemie 
zeigen, indem sie 5,6-Didesoxy-I,z-U-isopropyliden-a-D-xyse-5-en fiber 
eine Hydroborierung der nicht enolischen Doppelbindung zu 5-Desoxy-r,z-O- 
isopropyliden-ar-D-xylo-hexofuranose umsetzten. Ein anderes Beispiel fiir die Hydro- 
borierung eines ungesgttigten Zuckers wurde inzwischen such von Arzoumanian 
et aZ.3 ver6ffentlicht. 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, urn Epimerisierungen an asymmetrischen C-Atomen 
von Zuckern vorzunehmen. Bei Verwendung von Diboran-aH eignet sich die Methode 
zur Darstellung von Zuckern, die spezifisch mit Tritium markiert sind. 

DISKUSSION 

Im Gegensatz zu stereospezifisch verlaufenden radikalischen Additionen 
die nur zueinemReaktionsprodukt fiihren4,erfolgtdieHydroborierungeinesenolischen 
Zuckers, wenn es extreme sterische Verhaltnisse nicht ausschlieflen, unter Bildung 
von mindestens zwei Isomeren. Dieses meist unerwiinschte Reaktionsergebnis hat 
im Falle der Hydroborierung von enolischen Zuckerderivaten Vorteile, lassen sich 
doch aus leicht zuggnglichen seltener vorkommende Zucker darstellen. Es gelang, 
durch Hydroborierung einer endstgndigen enolischen Doppelbindung aus Derivaten 
der D-Glucose solche der L-Idose und aus D-Mannose-Derivaten L-Guiose-Derivate 
herzustellen. Die Hydroborierung von Galaktosid+en, die neben D-Galaktose 

*Vorlhfige Mitteilung: J. LEHMANN, Angem. Chem., 77 (1965) 863. 
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such L-Altrose ergeben sollte, wurde nicht durchgefiihrt, diirfte aber analog verlaufen. 
Das Mengenverhgltnis der entstehenden Isomeren richtet sich offenbar nach den 
sterischen Verhaltnissen in der Muttersubstanz und kann durch den. EinfluD 
geeigneter Substituenten mehr in die eine oder andere Richtung gelenkt- werden 
(Tabelle I). Neben dieser prgparativ interessanten Anwendung eignet sich die 
IIydroborierung enolischer Zuckerderivate zur spezifischen Markierung von Zuckern 
mit Tritium oder Deuterium. Zucker mit wohldefinierter radioaktiver Markierung 
sind ftir die Aufkltiung von Mechanismen chemischer oder biochemischer 

OR 

I R--H 
IO R.-H 
Ib R=-Si(CHz)J 

n 

3 

m 

TABELLE I 

BILDUNG VON HEXOSE-DERIVATEN DURCH HYDROBORIERUNG VON ENOJXXHEN ZUCKERDERIVATEN 

En01 Additionsprodakte nach Mengenverhiiltnis der 
Aufarbeitunga Reaktionsproduktev 

Methyl-6-desoxy-glucopyranosid- Methylu-n-glucopyranosid 
s-en (1) Methyl-/l-r.-idopyranosid 

Methyl-2,3&r-i-O-methyl-ddesoxy- Methyl-2,3,4-tri-O- 
a-glucopyranosid-s-en (Ia) methyl+D-glucopyranosid 

Methyl-z&3,4-tri-0-methyl-p-L-ido- 
pyranosid 

1:2.5 

1:2 

Methyl-2,3,4-tris-O-trimethylsilyl- Methyl-z-n-glucopyranosid 1:0.6 
6-desoxy-a-glucopyranosid- Methyl-p-r.-idopyranosid 
g-en (Ib) 

Methyl-2,3-O-isopropyliden- Methyl-c+n-mamropyranosid 
6-desoxy-cr-mannoppanosid-Fen Methyl-/l-L-gulopyranosid 
(11) 

1:2 

1,2:5,6-Di-O-isopropyliden+ 
desoxy-n-glucose-g-en (III) 

D-Galaktose - 

=Bei diesen Verbinduugen handelt es sich um Anti-Markownikoff-Additionsprodukte. Markowui- 
koff-Additionsprodukte wurden in keinem Fall beobachtet. 
bDie Mengenverhlltnisse wurden durch quantitative Auswerbmg von Papierchromatogrammen 
der tritierten Gemische mit Hilfe des fensterlosen Isotopenz5hlgerltes bestimmt. Das Verhatnis 
der Produlcte aus Ia wurde aus Gaschromatogrammen ermittelt. 
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Umwandlungen (Epimerisierung, Synthese oder Abbau) der Kohlehydrate von 
Bedeutung. 

Markierungen mit Tritium oder Deuterium an sekundsen C-Atomen der 
Zucker gelangen bisher run durch Reduktion verh8ltnism~iBig schwer zugHnglicher 
Ketoderivate mit markierten komplexen Hydriden. Die ausschliel3liche Markierung 
am C-Atom, welches zuvor die Ketogruppe trug, nach diesem Verfahren wurde 
wenigstens in einem Falle in Zweifel gestellt. Bevill et aZ.5 fanden n&r&h, dal3 bei 
der Reduktion von Methyl-2,3,6-tri-U-methyl-4-keto-a-D-glucosid mit NaBHa-sH 
Tritium nicht nur in gstellung, sondem such in 6-Stellung gefunden werden konnte 
und zwar in dem bemerkenswerten Verhatnis von 40% 3H in 6- und 60% in 
4-Stellung. 

Die Reaktion von enolischen Zuckerderivaten mit Diboran sol1 am Beispiel 
von Derivaten des Methyl-6-desoxy-a-glucopyranosid-5-en (I)s, von 1,2:5,6-Di- 
O-isopropyliden-3-desoxy-glucose-3-en (III)7, und von Methyl-q-O-isopropyliden- 

6-desoxy-a-mannopyranosid-5-en (II)4 ausfiihrlich beschrieben x.lerden. 
Hydroborierungen werden im allgemeinen erreicht, indem man im Reak- 

tionsgemlsch Diboran aus Natriumborhydrid mit Hilfe einer Saure freisetzt und mit 
dem Olelin reagieren Iii&. Fiir Hydroborierungen von s&rreemplindlichen enolischen 
Zuckern ist diese Methode jedoch kaum geeignet, da einerseits durch teilweise 
Hydrolyse Verluste eintreten kiinnen und andererseits die Aufarbeitung in manchen 
FQlen Schwieriglceiten bereitet. Das Diboran wurde deshalb separat durch Zutropfen 
einer Natriumborhydridliisung in Diglym zu BortrifluoridHtherat gebildets 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 unvollst%ulig substituierte Zuckerderivate mit enolischer Doppelbindung lassen 
sich in Tetrahydrofuran hydroborieren, eignen sich jedoch weniger aIs Ausgangs- 
material, weil die freien Hydroxylgruppen mit Diboran unter Bildung von Verne&ten 
Borsaureestern reagieren. Deshalb miissen grijssere Mengen Diboran verwendet 
werden, was bei der Anwendung von Diboran-sH sehr kostspielig werden kann. 
AuBerdem fallen die Ester teiIweise aus und verhindern damit den glatten Ablauf 
der Reaktion. Trotzdem wurde Methyl-6-desoxy-a-glucopyranosid-5-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-‘t&O-methyl- 
6-desoxy-a-glucopyranosid-5-en Qa) als Ausgangsprodukt. Die Reaktionsprodukte 
konnen in Form ihrer 6-Phenylazobenzoylester an einer Silicagelsaule mit Essigester 
als Elutionsmittel voneinander getrennt und kristallin erhalten werden. Methyl- 
2,~,4-tri-U-methyl-6-O-phenylazobenzoyl-c-~ucopyranosid (IY) 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 
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unter Schwarzftibung. Noch besser eiguet sich der Tris-(trimethylsilyl)~Zther des 
Methyl4desoxy-a-glucopyranosid+ens (Ib) als Ausgangsprodukt. Die Entfermmg 

der Trimethylsilyl-Schutzgruppen gel&t ohne Verluste mit verdiinnter Essigsaure 
in Methanol. Methyl-rr-D-glucosid kann nach Verseifung des Borangemisches und 
Aufarbeitung direkt aus der Reaktionsmischung mit Aethanol kristallisiert werden. 
Auf diese Weise gelingt die Trenmmg von Methyl-/?-L-idosid, das in Aethanol leicht 
liislich ist. Die weitere Reinigung des Methyl-/3-L-idosids kann durch prsparative 
Papierchromatographie erfolgen. Nach S2urebehandlung geht es in r_-Idosan iiber, 
das a!s Triacetyl-Derivat identitiert wurde. Es ist bemerkenswert, da13 bei der 
Hydroborierung von Methyl-2,3,4-tri-O-methyl-6-desoxy-cglucopyranosid-5-en (Ia) 

das Mengenverhgltnis der gebildeten D-Glucosid- zu L-Idosid-Derivaten wie 1:2 ist, 
wghrend bei Verwendung von Methyl-2,~,4-tris-O-trimethylsilyl-6-desoxy-cr-gluco- 
pyranosid-5-en (Ib) das Verhgltnis auf 1:0,6 zugunsten des Glucosid-Derivates 
verschoben wird (Tabelle I)_ 

Wie schon erwghnt eignet sich die Hydroborierung enolischer Zuckerderivate 
zur Tritium- bzw. Deuterium-Markierung von Zuckern, wenn markiertes Diboran 
verwendet wird. Mit Diboran-sH entsteht aus Methyl-6-desoxy-cr-glucopyranosid- 
s-en (I) Methyl-a-D-glucosid-5-3H und Methyl-/Y-L-idosid-5-3H. Die. ausschlieBliche 
Markierung in 5-Stelhmg wurde durch den Abbau der Glucose-s-sH nach einer 
Methode von Simon et aZ.9 gesichert (Tabelle II). 

TABELLE II 

ABBAU VON D-GLUCOSE-3H= 

Gemessene Verbindang * dpm/mMol x 103 erfapte C-Atome 

D-G!ucose 1150 123456 
‘b-Glucose”-phenyIosotriazol 1160 13456 
4-Formyl-2-phenyl-r,z,g-triazol 0 I3 
Formaldehyd 0 6 
2 Mol Amzisenslure 1130 45 
“6-O-Benzoyl-D-glucose”-phenylosotriazol 1145 13456 
Ameisenskre aus 26b 4 

“6-U-Bemoyl-D-glucose”-phenylosotriazol 

“Spezilische Aktivitlt wurde mit I-IiIfe eines Fliissigkeitsscintillationsz5hlers ermittelt. 
bA!!vitat ist auf eine geringe Vernnreinigung von 6-O-Benzoyl-D-glucose-phenylosotriazol mit 
D-Glucose-phenylosotriazol znriickzufiihren, die durch Umkristallisieren nicht vollsttidig enffemt 
werden kann. 

iihnlich wie die Hydroborierung von Methyl-2,3,4-tri-O-methyl-6-desoxy- 
dr-glucopyranosid-s-en (ia) verlHuft die Reaktion von Methyl-q-O-isopropyliden- 
6-desoxy-a-mannopyranosid-5-en (11) mit Diboran. Die Reaktion wurde mit 
Diboran-sH durchgefiihrt und ergibt nach Aufarbeitung und papierchromato- 
graphischer Trennung Methyl-a-D-mannosid+sH und Methyl-p-L-gulosid-g3H im 
Verhlltnis ~2. Ersteres wurde durch Cokristallisation mit Methyl-a-D-mannosid 
identitiert, letzteres nach saurer Hydrolyse als 2-Benzyl-2-phenyl-hydrazon durch 
Cokristallisation mit authentischem L-Gulose-z-benzyl-2-phenyl-hydrazonlO. 
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Nicht nur exocyclische, sondem such endocyclische Doppelbindungen 
enolischer Zuckerderivate kijnnen, wie das Beispiel des 1,2:5,6-Di-O-isopropyliden- 
3-desoxy-glucose-j-en (III) zeigte, in glatter Reaktion hydroboriert werden*. Eine 
Probe vom Schmelzpunkt 5r”, die nach den Literaturangabenll rein sein sollte, 
ergibt nach Reaktion mit Diboran-aH und Aufarbeitung neben Galaktose als 
Hauptkomponente zwei Nebenprodukte. Diese Nebenprodukte sind auf Verun- 
reinigungen zurtickzuftihren, die im r,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 Doppelbindun g. Nach mehrmaliger Sublimation erhslt man das 
Ausgangsprodukt (III) mit einem Schmelzpunkt von 52.5-53.5“. Geringe Mengen der 
Nebenprodukte lassen sich jedoch weder durch wiederholte Sublimation noch 
Rekristallisation vollstgndig entfernen. Die Nebenprodukte der Hydroborierung 
verringem sich mit zunehmender Reinheit des Ausgangsproduktes (III). Es konnte 
jedenfalls sichergestellt werden, da13 es sich bei den Nebenprodukten der Hydro- 
borierung niche urn die miiglicherweise 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 
Redulction der Mischung mit Natriumborhydrid und Copapierchromatographie 
mit 3-Desoxy-dulcit. 

Aus den beschriebenen Untersuchungen geht hervor, daD die sterischen 
Verhaltnisse in enolischen Zuckerderivaten einen starken Einflul3 auf die Anlagerung 
von Diboran ausiiben. Am Model1 la& sich dies veranschaulichen. Wahrend das 
freie oder mit Methylgruppen substituierte Methyl-6-desoxy-a-glucopyranosid- 
5-en (I) einen Angriff des Diborans bevorzugt an der verhaltnismat3ig offenliegenden 
Seite der Doppelbindung zulaiBt, was zu einem L-Idosid-Derivat mit axialer 
Hydroxymethyl-Gruppe fiihrt, schirmt die raumerftillende Silyl-Gruppe in q-Stellung, 
da sie von den iibrigen Silyl-Substituenten aus ihrer Lage gedrangt wird, die 
“Idosid-Lage“ der Doppelbindung ab. Sie erlaubt dadurch einen reIativ bevorzugten 
Angriff des Diborans in der “Glucosid-Lage”, wobei eine aiquatoriale Stellung der 
Hydroxymethyl-Gruppe resultiert. Eine etwas langsamere Reaktionsgeschwindigkeit 
der Silylglucosid-5-ene gegeniiber den methylsubstituierten GIucosid-5-enen deutet 
auf eine allgemeine Behinderung der Additionsreaktion bei enolischen Zucker- 
derivaten mit raumerfiillenden Substituenten hin. Extreme Verhaltnisse liegen bei 
einem starren Molekiil wie dem r,2:5,6-Di-O-isopropyliden-3-desoxy-glucose-3-en 
(III) vor. Hier ist die “Allosc-Lage“ durch die Isopropyliden-Gruppe in r,2-Stellung 
vollstgndig blockiert, wahrend die “Galaktose-Lage“ eine ungehinderte Anlagerung 
des Diborans erlaubt. Additionsprodukte gemal der Markownikoff-Regel konnten 
in keinem der untersuchten FBlle beobachtet werden. 

*Mit Hilfe der gleichen Reaktion wurde von Dr. H. Paulsen 1,2:5,6-Di-O-isopropyliden-D-galaktose 
als stark bevorzugtes Umsetzungsprodukt erhalten @ersSnL Mittlg. vom no.ro.zg65). 

Carbohydrate Res., 2 (1966) 1-13 



6 - J. LEHMANN 

EXPERIMENTELLER TEIL 

Allgemeine Met/loden 
Papierchromatographie. Papierchromatogramme wurden absteigend auf 

Whatman Nr. 4 - Chromatographiepapier in n-Butanol/ PropionsBure/ Wasser 
[I&X~I:IOO, v/v/v) angefertigt. Den zu trennenden Gernischen wurden jeweils die 
entsprechenden mit Tritium markierten Gemische zugesetzt und die Zonen bzw. 
Flecke mit Hilfe eines fensterlosen Tsotopenzahlger~tes (Modell 380 der Packard 
Instrument Company) lokalisiert. Bei unverdiinnten tritierten Gemischen wurden 
die Substanzen durch Autoradiographie mit blauempfindlichen Rontgenf?lmen 
sichtbar gemacht. Es ist dabei zu beachten, da13 tritiummarkierte Substanzen bei 
etwa gleicher Zerfallsrate, in Desintegrationen pro Minute gemessen, eine etwa 
zwanzigfache Belichtungszeit wie entsprechende rJC-markierte Verbindungen 

beniitigen. Elution der Flecken erfolgt in allen Fallen mit Wasser. 
Gmchromatographie. Es wurde das Gerat Model1 r6og der F und M Scientific 

Corporation mit Flammenionisationsdetektor verwendet. Als Trggermaterial wurde 
mit Sgure 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 3% des Trggermaterials. 

HydroxyIgruppen enthaltende Reaktionsgemische werden vor der gaschromato- 
graphischen Analyse trimethylsilyliertrs. 

Hydroborierungen. Diboran wird nach H. C. Browns extern durch Zutropfen 
einer, hf NaBHa-Liisung in abs. Diglym zu BortrifluoridBtherat im Verhzltnis 1:2 

Mol gebildet. Fiir die Hydroborierung von kleinen Mengen wurde die von 
H.C. Brown angegebene Versuchsanordnun g wie folgt modifiziert. Es handelt sich 
im Prinzip urn drei gleichsinnig hintereinandergeschaltete, nach unten spitz zulaufende 
70 ml-Waschflaschen, deren Einleitungsrohre dicht fiber dem Boden enden und sich 
nach unten verengen. Der Austrittsstutzen des Systems ist mit einem Quecksilberventil 
verschiossen. Jede der drei, am Kolbenhals offenen Einheiten wird mit einer 
Gummikappe abgedichtet, durch die Losung eingespritzt werden kann. 

Beim Arbeiten mit nicht markiertem Diboran werden mu zwei der drei 

Einheiten benutzt, die erste Einheit bleibt leer. In der zweiten befindet sich das 
Bortrifluoridatherat und in der dritten eine 0.25 hf LSsung des Enols in abs. Tetra- 
hydrofuran. Vor Beginn der Real&on wild die Luft in der Apparatur durch Reinst- 
Srickstoff verdrangt. Dann wird mit Hilfe einer Injektionsspritze durch Durchstechen 
der Gummikappe die NaBHa-Diglym-Losun, = in das vorgelegte Bortrifluoridgtherat 
eingetropft, wobei das gebildete Diboran mit dem Stickstoffstrom in die eisgekiihlte 
Enol-LSsung gespiilt wird. Es werden pro Mol Enol 1,5 Mole NaBHQ verwendet; 
fur jede freie Hydroxyl-Gruppeim Enol mu13 zusatzlich I Mol NaBH4 eingesetzt 

werden. Nach Zugabe des NaBH4 la& man die Reaktionslosung etwa 2 Std. stehen 
und arbeitet dann wie bei den einzelnen Versuchen beschrieben auf. 

Bei der Umsetzung mit Diboran-sH wird ein Unterschug an NaBHa-sH 
(0.3 Mol pro Mol Olefin) in Diglym verwendet und sonst wie beschrieben verfahren. 
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Eine Standard-LSsung von NaBHa-3H wird durch Auf&en von IOO mc NaBHa-3H 

hoher spezifischer Aktivitat (IOO mc/mmol) in IO ml M NaBHi-Diglym-Lasung 
hergestellt. Nach Reaktionsende wird in der ersten Einheit noch I Mol nicht 
markiertes NaBH4 mit der entsprechenden Menge Bortrifluoridgtherat zu Diboran 
umgesetzt, urn damit markiertes Diboran in der zweiten Einheit quantitativ in die 
Enol-Lijsung zu iiberfiihren und eine vollstgndige Umsetzung zu erreichen. Die 
Ausbeuten an fixiertem sH betragen zwischen 2 und IO% bezogen auf die Akti- 
vitgtsangaben fiir kgufliches NaBH$H. 

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

Methyl-6-desoxy-a-glucopyranosid-s-en (I, 4.6 g) wird nach der Methode 
von Glen et 01.‘~ 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 Na2SOA 
getrocknet. Den Riickstand nach Abziehen des Liisungsmittels destilliert man im 
Vakuum. 3.4 g = 60% d. Th., Kpo.3 ~2-74~; [a]E$o j-69” (c 2, CHCls) (Ber. fi.ir 
C&I&s: C, 55.01; H, 8.31; gef.: C, 55.25; H, 8.51%). 

I (15 & werden nach einer Methode von Bentley et al.‘” in abs. Pyridin 
(120 ml) durch Zu,oabe von Hexamethyldisilazan (47 g) und Trimethylchlorsilan 
(47 g) 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 NazSOa 
getrocknet. Nach Abziehen des LGsungsmittels wird der Riickstand destilliert. 
24s = 72% d. Th., Kp0.3 IIO-115~. Das farblose Destillat kristallisiert nach einigen 
Stunden bei o”. Fp 40-41”; [x]:“,,, f46” (c 2, CHC13) (Ber. fiir C16HssOsSi3: C, 48.93; 
H, 9.24; gef.: C, 48.75; H, g-1 1%). 

Hydroborierung uon Methyl-6-desoxy-cr-glucopyranosid-5-en (I) 
Die Hydroborierung wurde mit I mmol I (0.18 g) unter den oben beschriebenen 

Bedingungen mit Diboran-3H durchgefiihrt. Nach Reaktionsende wurde iiber- 
schiissiges Diboran mit einigen Tropfen Methanol zerstiirt, das Lijsungsmittel im 
Vakuum abgezogen. Den Riickstand nimmt man in 0.4 g NaOH in 5 ml Wasser 
auf und versetzt mit 3o%igem Wasserstoffperoxid (0.5 ml). Nach 3 Stunden bei 
Zimmertemperatur werden Natriumionen durch Ri.ihren mit ciner ausreichenden 
Menge Dowex 50 (400 mesh) entfernt. Danach zentrifugiert man den Austauscher ab, 
wsscht ihn mit IO ml Wasser nach und zerstijrt iiberschiissiges Wasserstoffperoxid 
im schwach sauren Oberstand durch Zugabe einer Spur PtOe. Die filtrierte Lijsung 
wird im Vakuum eingedampft und der Riickstand durch mehrmaliges Eindampfen 
mit Methanol von Borssure befreit. Den Riickstand l&t man in wenig Wasser und 
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chromatographiert auf Papier. Es k&men zwei Substanzen lokalisiert werden, von 
denen die eine Methyl-a-D-glucopyranosid-5-3H (RF 0-50 + 0.05), nach Elution der 
Zone mit Wasser Cokristallisation* mit authentischem Methyl-a-D-glucopyranosid, 
die andere Methyl-&idopyranosid-5-3H (RF 0.65) ist. Das Methyl-jl-L-idopyranosid- 
s-~H wurde zu Triacetyl-L-idosan umgesetzt und durch Cokristallisation mit 
Triacetyl-L-idosau identitiiert. 

Hydroborierung son Methyl-~.~,~-tris-O-trin~ethyIsilyI-6-deso~~a-gf~~copyra~~osid-~- 
en (Ib) . 

IO mMo1 Ib (4 g) werden mit der entsprechenden Menge nicht markiertem 
Diboran hydroboriert. Nach Vemichtun* m ijberschiissigen Diborans mit Methanol 
wird im Vakuum eingedampft und der Riickstand in Methanol aufgenommen. Zu 
der LSsung (40 ml) gibt man 3o%ige Essigsiiure (40 ml) und schiittelt 4 Std. bei 
Zimmertemperatur. Die Mischung wird mit Wasser (50 ml) verdiinnt und das 
Trimethy!silanol mit Chloroform extrahiert. Die wgssrige Liisung wird im Vakuum 
eingedampft, der sirupijse Riickstand in 8%iger Natronlauge (25 ml) aufgenommen 
und mit 30%igem Wasserstoffperoxid (2,5 ml) versetzt. Nach 3 Std. wird dcr Ansatz 
analog dem zuvor beschriebenen aufgearbeitet. Nach der Abtrennung der Borsiiure 
wird der Riickstand in wenig warmen Aethanol aufgenommen. Dei bei o” abgeschik- 
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-a-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 przparativem Ma&tab 
papierchromatographisch aufgetrennt. Es werden etwa IOO mg Substanz in Io%iger 
wiissriger Lijsung auf einen Bogen von 60 cm Breite aufgetragen. Die schneller 
wandernde Zone des Methyl+-L-idosids wird ausgeschnitten und eluiert. Nach 
Eindampfen der Eluate im Vakuum 16st man den &up&en Riickstand (insgesamt 
0.4 g) in N Schwefelsgure (IO ml) und erhitzt 6 Std. auf dem Dampfbad. Das resul- 
tierende Reaktionsgemisch wird nach den Angaben von Wiggins14 fiir D-Idosan 
aufgearbeitet und acetyliert. Ausbeute: 0.29 g = 49%; Fp 85-85.5O; [c.c]~&~ t76.5” 
(c I, CHC13); [a]? +73O (c I, CHCl3); Schmelzpunkt und Drehwert stimmen mit 
den Werten fiir D-Idosan14 iiberein (Ber. fiir C12H1608: C, 50.00; H, 5.60; gef.: 
C, 50.01; H, 565%). 

Verbindung (Ib) wird such mit DiboranJH umgesetzt. Man verf&rt 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 sp&schen Aktivita.t aus einem geeigneten Lijsungsmittel 
umkristallisiert. Die Messung der spezifischen Aktivitgt erfolgt nach Auf&en einer gewogenen 
Probe in Methanol (5 ml) und Ve_mischen der Lzjsung mit Scintillationsfiiissigkeit (IO ml) in einem 
Scintillationsz&lger2it (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-a-D-glucopyranosid-5-sH durchgefiihrt. 

Hydroborierung t-on Met?~yl-~,3,4-tri-O-~~~eth~~l-~-glucopyranosi~-~-en (I) 

0.01 Mol Ia (2.2 g) werden mit nicht markiertem Diboran umgesetzt. Nach 
Zerstiirung iiberschiissigen Diborans mit Methanol und Entfernung von Tetrahydro- 
furan und Methanol wird der Riickstand in abs. Aethanol (IO ml) aufgeno_mmen. 

Man versetzt unter Eiskiihlung rnit einer Liisung von pulverisiertem NaOH (1.5 g) 
in abs. Aethanol (15 ml) und tropft dann unter kraftigem Riihren 3o%iges Wasser- 
stoffperoxid (2 ml) zu. Nach zweistiindigem Riihren bei Zimmertemperatur wird 
der anorganische Niederschlag abzentrifugiert, mit wenig abs. Aethanoi gewaschen 
und erneut zentrifugiert. Die vereinten Uberstande werden mit Dowex-5o (400 mesh) 
von Natriumionen und durch wiederholte Destillation mit Methanol von Borskre 

befreit. Das Liisungsmittel wird abgezogen und der sirupijse Rtickstand im Vakuum 
destilhert. 1-g g = 80% d. Th.; Kpa.:! go-98”. Die gaschromatographische Analyse 
zeigt, daD das Gemisch aus zwei Komponenten besteht. 

Meti~y~-2,3,4-tri-O-)lzet~~y~-6-O-phe~~yla~oben~oyi-~-D-g~ucopyranosid (IV) und 

MethyI-r,~,q-tri-O-~net~~yi-6-O-phenylazoben~oyi-~-~-idosid (V) 

Das DestilIat vom Kpo.2 90-98“ (0.25 g) wird in abs. Pyridin (2.5 ml) mit 
Phenylazobenzoylchlorid (0.3 g) 3 Std. auf IOOO erhitzt. Aufarbeitung erfolgt wie 
bei Foster eC al-l5 beschrieben. Das gewonnene Azoylester-Gemisch kristallisiert 
teilweise aus. Aus Aethanol kristallisiert ein diinnschichtchromatographisch reines 
Produkt. Es handelt sich hierbei urn V, das allerdings nicht eindeutig durch Vergleich 
mit authentischem Material identitiert werden konnte. Die Analcgie der Reaktion 
von Ia mit Diboran zu der von I und Ib lai13t jedoch auf V schlieBen. Durch Siiulen- 
chromatographie (siehe unten) 18Bt sich noch eine kleine Menge des Produktes 
gewinnen: 0.31 g. Fp 11y--120~ (Ber. fiir CssHssOrNa: 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-Saule mit Essigester 
chromatographiert. Die schneller laufende Zone wird aufgefangen und das Eluat 
eingedampft. Der Riickstand kristallisiert spontan und wird aus Petrolgther (6o-80”) 
umkristallisiert. Es handelt sich urn VI. Ausbeute: o. 16 g; Fp 80” (Ber. fiir CssHss07Ns: 
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. 

Verseijkg t-on V ,711 Merhyl-2,3,+tri-0-methyl-&~-idopyranosid (VT) 

V (0.8 g) wird in einer Losung von KOH (1.2 g) in Aethanol (30 ml) aufgenom- 
men und eine Stunde am Riickflulj gekocht. Man 18l3t abkiihlen und dann eine 
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Stunde bei o” 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 tiber NaeS04 wird das LGsungsmittel im Vakuum abgezogen und der 61ige 
Riickstand destilliert. Ausbeute: o-39 g = 87% d. Th.; Kpo.2 84-85O; [c$&~ t102O 
(c 2.2, CHCla) (Ber. fiir ClOH2006: C, 50.82; H, 8.53; gef.: C, 50.95; H, 8.76%). 

Verseifirng uon IV LU Methyl-z,j,q-tri-0-methyl-x-mglucopyranosid (VII) 

IV wird wie fiir V beschrieben verseift und aufgearbeitet. Ausbeute: 85 % d. Th. ; 

Kp0.2 89-92”; [a]“,“,,, +154O (c 1.5, CHCla) (Ber. fiir ClOH2006: C, 50.82; H, 8-53; 
gef.: C, 51.02; H, 8.76%). 

DarsteIIung con n~ethyl-2,3,4-tri-O-172et~lyi-~-~-gIucopyraJlos~d aas 

Met~yl-6-O-tr~~~e?~yin~ethyI-x-~-gt~~copyrai~osid (VIII) 

Zur eindeutigen IdentiCzierung von VII wird VIII16 auf herkijmmlichen Weg 

durch Permethylierung nach der Methode von Glenn13 umgesetzt. Der Schmelzpuntk 
des gewonnenen Produktes, Methyl-2,3,4-trii-O-methyl-6-O-triphenylmethyl-a-D- 
glucopyranosid (IX), stimmt nicht mit dem Literaturwert iibereinl6 (log” gegentiber 
166-167”). Es wurde daher die von Robertson et a1.16 angegebene Permethylierung 
mit Silberoxid und Methyljodid nachgearbeitet, wobei ebenfalls ein Produkt vom 
Fp I 67-168” resultierte. Es kann sich jedoch nicht urn die gewiinschte Verbindung IX 
handeln, da das i.r.-Spektrum eine starke Hydroxylabsorption zeigt, die bei dem 

Prod&t vom Fp 109” nicht auftritt (Ber. fiir IX, C2gH2106: C, 72.77; H, 7.17; gef.: 
C, 73-07; H, 6.82%). 

EnttritylierunglG von IX ergibt ein 01, das nach der Destillation beim Abktihlen 
kristallin erstarrt. Fp 23’; Kpo.2 90-94”; [cz]~&~ -i-162~ (c 3, CHCla) (Ber. fiir 
clOH2006: C, 50.82; H, 8.53; gef.: C, 50.80; H, 8.56%). Es handelt sich hierbei urn 
bisher nicht beschriebenes Methyl-2,3,4-tri-0-methyl-a-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 82O schmilzt. Der Misch- 
schmelzpunkt mit dem iiber die Hydroborierung gewonnenen Produkt zeigt keine 
Depression. Ebensowenig zeigen die i.r.-Spektren irgendwelche Unterschiede. 

Entnret~z_v~ierrrng t;on Methyl-2,3,4-tri-0-methyl-a-D-glmopyranosid (VII) 

Die Entmethylierung wurde nach einer Methode von Bonner et a/-l7 mit 
Bortrichlorid durchgefiihrt. VII (0.1 g) wird in Dichlormethan (I ml) gel&t, mit 
Aceton/Trockeneis gekiihlt und unter AusschIuD von Feuchtigkeit mit Bortrichlorid 
(5 ml) versetzt. Man la& etwa 30 Minuten im Kaltebad stehen und dampft dann 
iiberschiissiges Bortrichlorid und das Dichlormethan bei 30-40” ab. Der Riickstand 
wird 30 Minuten auf 5o-60” erwarmt und nach Kiihlung vorsichtig mit Methanol 
versetzt. Man dampft die Lijsun g zur Trockene ein und wiederholt den gesamten 
Arbeitsgang dreimal. Beim letzten Arbeitsgang wird anstelle reinen Methanols 
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5o%iges wassriges Methanol zugesetzt. Nach Eindampfen enveist 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 Reaktionslosung bei der Zugabe von Bortrichlorid dunkel f2rbt und sich 
beim Aufarbeiten zersetzt. 

Hydroborierrmg con Meth~~l-2,3-O-isopropyiiden-6-desoxy-u-manr~opyranosid-5-en(~I) 

Die Hydroborierung von 11 (I mmol) wurde mit Diboran-a H durchgefiihrt. 
Aufarbeitung erfolgt wie fiir Ia beschrieben. Nach der Entfernung von Natriumionen 
und Borsaure wird die Isopropyliden-Gruppe durch einstiindiges Erhitzen auf dem 
Dampfbad in 5o%iger Essigsaure (IO ml) abgespalten. Die Essigsaure wird mit 
Wasser azeotrop abdestilliert und schliel3lich die LSsung im Vakuum zur Trockene 
eingedampft. Das tritierte Gemisch kann papierchromatographisch in zwei Kom- 
ponenten zerlegt werden. Die schneller laufende Zone (RF 0.45) erwies sich nach 
Elution und Cokristallisation mit authentischem Methyl-a-D-mannopyranosid als 
Methyl-;r-D-mannopyranosid-5-3H_ Die langsamer laufende Komponente (RF 0.36) 
wird eluiert, das Eluat nach dem Eindampfen mit N HCl(3 ml) bei 100~ in 3 Std. 
hydrolysier t und nach Umsetzung mit t-Benzyl-phenylhydrazinla durch Cokristal- 
lisation mit authentischem r-Gulose-benzyl-phenyihydrazonla als r_-Gulose-5-3H- 
benzy?-phenylhydrazon identifiziert. 

Hydroborierung L’OII r,z:j,6-Di-O-isopropylidert-3-desosy-glttcose-3-en (III) 

III vom Fp 52.5-53” (I mmolj wird mit Diboran-aH hydroboriert. Aufarbeitung 
erfolgt wie fiir 11 beschrieben. Nach papierchromatographischer Analyse kann nur 
ein Produkt aufgefunden werden. Elution der Zone und Acetylierung eines Teils 
des Verdampfungsrtickstandes (0.01 s) mit Acetanhydrid (G,I ml) und wasserfreiem 
Natriumacetat ergibt nach der ilblichen Aufarbeitung einen Riickstand (0.009 g), 
der ohne Aktivit%sverlust mit Penta-O-acetyl-/?-D-galaktopyranose cokristallisiert 
werden kann. 

Damit ist bewiesen, daB das einzige bei der Reaktion entstandene Produkt 
D-Galaktose-4-aH ist. 
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ZUSAMhENFASSUNG 

Durch Hydroborierung von enolischen Hexose-Derivaten mit Diboran-3H 

J. LFwMANN 

kann eine spezifische Markierung von Hexosen mit Tritium erreicht werden. Es 
wird die Synthese von Methyl-n-D-glucopyranosid-5-3H, Methyl-B-L-idopyr&osid- 

5-3H, Methyl-a-D-mannopyranosid-5-3H, Methyl-p-L-gulopyranosid-5-3H, und 
D-Galaktose-4-3H beschrieben. 

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

In allen FBllen 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-sH, specific 
labelling with tritium can be achieved in hexoses. Syntheses of methyl a-D-gluco- 
pyranoside-5-sH, methyl /3-r_-idopyranoside-5-3H, methyl a-D-mannopyranoside- 

5-3H, methyl /?-L-gulopyranoside-5-3H, and D-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-I.z:5,6-di-O-isopropylidene-~--D-e~~fh~~-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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INTRODUCTION 

An approach1 to the stereospecific synthesis of naturally-occurring, optically- 
active sulphoxides2 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-r,eoxathiane 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 sulphur3 
or nitrogen*_ 

RESULTS AND DISCUSSION 

Oxidation of methyl cc-L-rhamnopyranoside with sodium metaperiodate, and 
reduction of the resulting dialdehyde with sodium borohydride afforded (2S,1’R)- 
2-(2’-hydroxy-I’-methoxyethyloxy)propan-1-01s (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,6S)-2-methoxy-6-methyl-I,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 

(IV) (derived6 from r,6-anhydro-p-D-glucopyranose by application in sequence of 
periodate oxidation, borohydride reduction, and tosylation) was converted into 
(rR,qR)-2,8-dioxa-6-thiabicyclo[3,2, Iloctane (V). 

The conversion of methyl a-D-glucopyranoside into a 1,4-oxathiane derivative 
could not be effected directly. Treatment of methyl 6-0-trityl-cc-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 trio1 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, Chenz. Commun., (1965) 433. 
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incomplete oxidation of the glucoside derivative, and a second treatment with the 
reagents was necessary to effect complete conversion into (2R, I 'S)-2- 0-(2’-hydroxy- 
I’-methoxyethyl)-I-O-tritylglycerol (VI). The crystalline ditosylate of the syrupy 
diol (VI) readily afforded (2S,6R)-2-methoxy-6-trityloxymethyl-r,4-oxathiane (VII) 
on treatment with sodium sulphide in boiling methanol_ Detritylation of the r,q- 
oxathiane derivative (VII) was accomplished by hydrogenolysis over palladised 
charcoal to give (2S,6R)-6-hydroxymethyl-t-methoxy-r,4-oxathiane (VIII). 

ROCH, 

I R=H 
II R.Ts 

IU R’=OMe, R*= H 
X R’, R2=H, OH 

Xi R’=H, R2=OAc 

XII! R’= H. R*=OMe 
XIX R’=OAc, R2=H 

TS0CH.J HOCH2 

m XI 

H2C-0 

0 

t.Y.3 S 

xc IZil RI= H.R2=OMe.R3=Tr 
XIII R’=R3=H,R2=OMe 
IX R’,R2=H.0H,R3=H 

The r,goxathiane derivatives (III), (V), and (VIII) show a sensitivity towards 
acid comparable to that of methyl 2-deoxyglycopyranosides7. Thus, compound (VIII) 
was hydrolysed to crystalline (6R)-2-hydroxy-6-hydroxymethyl-r,goxathiane (IX) 
by N sulphuric acid during 12-15 h at room temperature. The r,4-oxathiane deri- 
vative (IX) was also obtained on acid hydrolysis of compound (V). Acid hydrolysis 
of compound (III) afforded (6S)-2-hydroxy-6-methyl-r,4-oxathiane (X) which, with 
acetic anhydride in pyridine, gave (2R,6S)-2-acetoxy-6-methyl-r,4-oxathiane* (XI) 
(the configuration at position 2 was ascertained by n.m.r. spectroscopy, as discussed 
below). 

Construction of a molecular model of (24 6S)-2-methoxy-6-methyl-r,4- 
oxathiane (III), using bond angles8 of 105” and I I IO for C-S-C and C-O-C, respec- 
tively, and bond lengths8 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 (III) 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 
configuration5 remains R. 

Carbohydrate Res., 2 (1966) 14-23 



16 K. W. BUCK, F. A. FAHIM, A. B. FOSTER, A. R. PERRY, M. H. QADIR, J. M. WEBBER 

tripiet at r 5.25 (.L, + Jee ca. 5 c.p.s.) for the glycosidic proton (H-Z), typical9 
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 ZOO, 
the trans-glycoside (III) equilibrated to a mixture containing 75% of the k-isomer, 
(2S, 6S)-a-methoxy-6-methyl-r,+oxathiane (XIII), which probably adopts the chair 

conformation (XIV), since the glycosidic proton signal was a quartet (T 5.48, 
J ae t Jan ca. II c.p.s.) typical9 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 tran.s-2-methoxy-4-methyltetrahydropyran10 
which, under similar equilibrating conditions, 5 save a mixture containing 65% of the 
trans-isomer. The chair conformations (XV) and (XVI) were establishedlO for the 

tram- and c&components of this equilibrium mixture, and the preponderance of 

the trans-isomer was held to reflect the operation of the anomelic effectrl. The cause 
of the destabilisation of the frans-oxathiane derivative QCII) relative to the ck- 
isomer (XII, 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 r,+oxathiane ring (as noted 
above), this interaction would be si,&ficantly greater than the corresponding inter- 
action in the trans-tetrahydropyran derivative (XV). 

OR 

Me cd 0 
S 

OR 

XII R-Me 
SXIII R=Ac 
5 R=H 

XIP R=Me 
XplI R.Ac 
XXII R=H 

tie 

XI? R=Me 
XXI R=Ac 

OH 

=OR - HO!+C HOH.$ -0, 

Me 
XIZI R.Me m sxil 
Xx R=Ac 

The n.m.r. spectrum (carbon tetrachloride) of the acetate (XI) showed, inter 

alia, a quartet at t’ (see Experimental) 4.25 (Jas+ Jne I2 c.p.s.) for the glycosidic 
proton (H-2), typical9 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 &-acetate (XI) at 20~ in an equimolar acetic acid-acetic anhy- 
dride mixture containing toluene-p-sulphonic acid gave a cis,trans-mixture con- 

taining 67 % of the &-isomer. The tram-isomer, (2S, 6S)-2-acetoxy-6-methyl-r++ 
oxathiane, probably assumes the chair conformation (XVIII), since, in the reaction 
mixture, the signal for the glycosidic proton was a triplet at 3.87 (J,, + Jea 
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ca. 5.5 c.p.s.) typical9 of an equatorial proton equally coupled to vicinal axial and 
equatorial protons [the corresponding signal for the c&isomer (XVII) was’a quartet 
at J-24 (& f ._& I 1.8 c.p.s.)]. Thus, as for the methoxy compounds (III) and (XIII), 
acid-catalysed equilibration of the acetates (XI) and (XIX) favours the c&isomer 
(XI), and a contrast is again provided with the tetrahydropyran series, where similar 
equilibration10 of the cis- (XX) and rrans-2-acetoxy-4-methyl derivatives (XXI) 
gives a mixture containing 72% of the trans-isomer. 

An aqueous solution of the crystalline (6R)-2-hydroxy-6-hydroxymethyl- 
r,eoxathiane (IX) showed no detectable mu&rotation. The n.m.r. spectrum of a 
solution of (6S)-2-hydroxy-6-methyl-r,4-oxathiane in pyridine showed, inter alia, 

a quartet for the anomeric proton at z 4-79 (Ja,t J,, 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 tram- and c&isomers of which can adopt the confor- 
mations (XXIV) and (XXV)_ The n.m.r. spectrum of the equilibrium mixture in 
pyridine at room temperature showed, inter alia, unresolved multiplets at ~4.98 
(Jna+ Ja, ca. I 1.5 c.p.s.) and 4.38 (Jk , -L Jee ca. 5.5 c.p.s.) for the anomeric protons 
of conformations @XV) and (XXIV), respectively. Integration of the H-2 signals 
indicated the ratio of conformations (XXIV):QUCV) to be ca. ~2. 

XEZI R=H 
XXXII R=Ac 

H, OH 

H, OH 

,. 
// o--c // Me-C 
\ 

Me 
\ 

0- 

xxxl xxx0 

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 2~ hydrochloric acid at 75” was rapid (80% in 
r5 min, ca. 99% in 30 min), and conversion into the amino alcohol (XXVIII) was 
almost complete. Hydrolysis must therefore have followed pathway A, 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 (35% 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 
acid12 by a pathway analogous to B, possibly because of the greater steric accessi- 
biiity of the acetamido group. 

The n.m.r. spectrum (carbon tetrachloride) of (2R,6S)-2-methoxy-6-methyl- 
morpholine (XXVI) was consistent9 with the chair conformation (XXX), in that the 

signal for the anomeric proton (H-2) was an unresolved multiplet at t 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 c(z. -7o”, 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 amides13 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 (XxX11) for the N-acetyl derivative (XXVII), 
where the N-acetyl group is flanked by methylene groups, is significantly lower than 
in the analogous sugar derivativesl4, where the flanking groups are bulkier_ 

EXPERIMENTAL 

Thin-layer chromatography (t.1.c.) was performed on Kieselgel, and detection 
was effected with vanillin-sulphuric acidrs and/or iodine vapour. Organic solvents 
were dried with MgSO+ N.m.r. spectra were determined on ca. 20% solutions, with 
5% tetramethylsilane as internal reference (z) or 6% tetramethylsilane in chloroform 
as external reference (t’), by using a Varian A60 spectrometer under normal working 
conditions_ Optical rotations were measured at ca. 30”_ 

(2S,r’R)-2-(2’-Nydrosy-~‘-ntetl~o~yetl~ylo~y)propan-r-ol (I) 
A solution of sodium metaperiodate (44.2 g) in water (200 ml) was added to 

a solution of methyl a-L-rhamnopyranosiders (16 g, m.p. 104-106”, [aIn -68” in 
water) in phosphate buffer17 (150 ml, pH 7), and the mixture was stored overnight 
at room temperature. The excess of periodate was precipitated with IO% aqueous 
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barium chloride. Sodium borohydride (8 g) was then added to the Iiltered 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 (10.5 g, 78%), b.p. 142-144”/16 mm, which was characterisedls 
as the di-p-phenylazobenzoate, m.p. 84-85O, [a]5461 +g8” (c 0.2, ethanol) (Found: 

C, 67.8; H, 5.5; N, 9.9. cdboN.d& talc.: C, 67.8; H, 5.3; N, g.g%), and the 
ditosylate (II), m.p. 54-55O, [oL]n +6.5” (c 1.0, ethanol) (Found: C, 52.1; H, 5.7; 
S, 14.25. CeoHdhS~ talc.: C, 52.4; H, 5.7; S, 14.0%). 

Lead tetra-acetate (93-z g) was added to a solution of methyl 6-O-triphenyl- 
methyl-cr-D-glucopyranosidelg (51.5 g) 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. IOO 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 o”, sodium borohydride (II’ 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 (& ca. o.20 and ca. 0.35; t.l.c., benzene-methanol, g: I) 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 (II g) in ethanol (250 ml) to give slightly impure (2R,1’9- 

2-0-(2’-hydroxy-r’-methoxyethyl)- I - 0-triphenylmethylglycerol (VI, 30-7 g), RF 

ca. o-35_ 
The crude diol Co.976 g) was esterified with tosyl chloride (1.04 g) and pyridine 

(4 ml) in the usual manner, and the crude product (r-75 g) was recrystallised from 
ethanol to give the title compound (1.16 g, 67%), m.p. r2g.5-r30°, [a]D -go (c 1.15, 
chloroform) (Found: C, 65.1; H, 5.7; S, 8.8. CssH4009Ss talc.: 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-a-D- 
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,&oxathiane deriuatices 
(a) A solution of the ditosylate (II) (18 g) and sodium sulphide (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-r,4-oxathiane (III, 3.6 g, 66%), b-p. 6o-62“/2 mm, [alo -55” (c r-g, ethanol) 
(Found: C, 48.3; H, 8.3; S, 21.6. GHreOaS talc.: C, 48.6; H, 8.2; S, 21.6%). The 
n.m.r. spectrum (acetonitrile) showed, inter alia, signals at T 6.67 (OMe protons) 
and 8.83 (doublet, Jca.7 c.p.s_, CMe proto-ns). 

(b) By essentially the above method, the ditosylatee (IV) was converted into 
(rR,4R)-2,8-dioxa-6-thiabicyclo[3,2, I]octane (V, 62 %), b-p. 47-49”/0_1 mm, [oc]~ -40” 
(c 6.4, chloroform) (Found: C, 45.6; H, 6.3 ; S, 24.4. CsHsOeS talc.: C, 45.5 ; H, 6. I ; 
s, 24.2%). 

(c) Likewise, the ditosylate of diol (VI) was converted into (2S,6R)-2-methoxy- 
6-triphenylmethoxymethyl-r,4-oxathiane (VII, g5%), m.p. ro7.5-108.5” (from 
ethanol), [oL]~ t-18” (c 1.2, chloroform) (Found: C, 74.2; H, 6.5; S, 7.8. CesH260eS 

. 
talc.: C, 73-g; H, 6-45; S, 7-S%)_ 

(2S,dR)-6-HydroxymethyI-2-nrethoxy-r,d-oxathiane (VIII) 
A solution of (22S,6R)-2-methoxy-6-triphenyImethoxymethyl-r,4-oxathiane 

(VII, 4.58 g) in methanol (250 ml) was shaken with hydrogen, at a pressure slightly 
greater than I atmosphere in the presence of 5% 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 
(IOO ml, b-p. 6o-80”) and water (IOO 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 (1.02 g, 55%), b-p. 140’ (bath)/o.2 mm. 
[a], f67” (c 1.2, chloroform) (Found: C, 43.95; H, 7.5; S, 19.3. CaHlaOsS talc.: 
C, 43-g; H, 7.4; S, 19.5%). 

(6R)-_+Hydroxy-6-hydroxymethyl-r,.+oxathiane (IX) 
(a) A solution of (I&@)-2,8-dioxa-6-thiabicyclo[3,2,r]octane (VP o-5 g) 

in N sulphuric acid (25 ml) was stored at 67.5O; ai-, changed from -0.75~ (0 rnin) 
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. g2-g4_5”, [oL]s461 f7” (c 0.6, water, no detectable mutarotation) (Found: C, 39.9; 
H, 6.6; S, 21.0. CsHrcOsS talc.: C, 40.0; H, 6.7; S, 21.3%). 

(b) A solution of (2S,6_@-6-hydroxymethyl-zz-methoxy-r,4-oxathiane (VIII, 
140 mg) in N sulphuric acid (15 ml) was stored at room temperature overnight and 
then neutralised with barium carbonate. The illtered solution was extracted with 

Carbohydrate Re.s., 2 (1966) 14-23 



2-HYDROXY- I ,4-OXATHIANJZ AND 2-HYDROXYMORPHOLINJZ 21 

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. gI-g4”, 

which was identical with the authentic product described in (a), [a]5461 +7” (c 0.6, 
water, no detectable mutarotation). 

(zR,6S)-2-Acetoxy-6-methyLr,q-oxathiane (XI) 
(2R,6S)-2-Methoxy-6-methyl-r,4-oxathiane (III, 1.4 g) was stirred with 4 N 

hydrochloric acid (4 ml) at 65” until the mixture became homogeneous (4 h). The 
hydrolysate was neutralised with IO% 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- 
&q-oxathiane (X, 0.825 g, 66x), m.p. 74-76”, [a]5461 +29 (c 0.4, water) (Found: 

C, 44.8; H, 7.6; S, 23.7. CsH&2S talc.: 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 (XI, g5%), b-p. 67-6g”/o.I5 mm, 
[a],, j-36.5” (c I. I, ethanol) (Fdund: C, 47.7; H, 6.6. C7H1203S talc.: C, 47-7; H, 6.6%). 
The n.m.r. spectrum (carbon tetrachloride1 had signals, inter a&a, at z’ 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-r,goxathiane (III, IOO mg) in 

acetonitrile (0.5 ml) containing toluene-p-sulphonic acid (I %) was stored at 20~ 
until the n-m-r. spectrum showed no further change (ca. I day). The proportion of 
2S:zR isomers in the mixture was determined by integration of the areas of the 

signals for the anomeric protons (see discussion) and the methoxyl protons (T 6.64 
and 6.60, respectively). 

(b) A solution of (zR,6S)-2-acetoxy-6-methyl-r,4-oxathiane (XI, 200 mg) in 

an equimolar mixture of acetic acid and acetic anhydride (I 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,6S)-a-ikfethoxy-6-methybnorpholine (XXVI) 
A solution of the ditosylate (II, 26 g) in methanol (650 ml) saturated with 

ammonia at room temperature was stcred 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 (3.7 g, 50x), b-p. 
4o-5o”/16 mm, [aID -gz” (c 0.3. chloroform) (Found: C, 54.4; H, 10.2; N, 10.7. 

C~HlsN02 talc.: C, 54-g; 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. rr4-115”/0.25 mm, [a]~ -146” (c 0.3, chloroform) (Found: C, 55.7; H, 9.0; 
N, 8.5. C&&.No3 cak.: C, 55.5; H, 8.7; N, 8.rO/,). 

Hydrolysis experiments 
(a) A solution of 

in 2N hydrochloric acid 
(2R,6S)-2-methoxy-6-methylmorpholine (XXVI, IOO mg) 
(I ml) containing tert-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 calcuIated from the integrated areas of the signals for 
the glycoside methoxy1 and methanol protons. The hydrolysate was then concen- 
trated in cacuo at 25O, 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 0- and C-methyl protons. 

On concentration of a solution of the starting material (XXVI) in 2N 
hydrochloric acid in ~acuo at 29 negligible hydrolysis occurred. 

(b) A solution of (2R,6S)-N-acetyl-2-methoxy-6-methylmorpholine (XXVII, 
IOO mg) in 2N hydrochloric acid (I ml) containing tert-butyl alcohol (I %) was stored 
at 75O, and the n.m.r. spectrum was recorded after 15, 30, and 210 min. The solution 
was then concentrated in uacuo at 25O. 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 hydroIysis after 15 and 30 min was estimated 
from the ratio of the integrated signals for the iV-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 sc-L-rhamnopyranoside 
affords (zR,6S)-z-methoxy-6-methyl-r,4-oxathiane. Likewise, methyl 6-O-trityl- 
a-D-glucopyranoside and 1,6-anhydro-B-D-glucopyranose were converted into 
I,4-oxathiane derivatives_ Acid-catalysed equiiibration of (2R,6S)-2-methoxy- and 
(2R,6S)-2-acetoxy-6-methyl-r,+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 methanolic 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 j&D-xylopyianose 

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 

Gymnosperm.+, and the Gramineae1*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 Gymnosperms have, in 

addition, terminal I_-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 +@methyl-D-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 reconsidereds. Our studies relate to work 

on the hemicelluloses from a fern, bracken (Pteridium aquilinum), and, in the present 

paper, to an acidic xylan from that source. The hemicelluloses from cinnamon fern 

have been studied by Timelllo, 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 4% alkali 

contained 16% of uranic 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 

IO% 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 electrophoresisin borate 
buffer. 

By quantitative decarboxylation studies4 and by methylation analysis, the 
xylan was found to contain approximately one uranic 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-(4O-methyl-a-D-glucopyranosyluronic acid)-D-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 
@-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 35.3% (theoretical, 39.2%) 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 hlERiYJi.ATED SUGARS 

Fraction Component Weight (mg) Molar percent 

I 

2 

3 
4 

z,3,4-Tri-0-methyl-n-xylosea 
2,3-Di-0-methyl-n-xylose 
3-0-Methyl-n-xyloseb 
2-O-(2,3,4-Tri-0-methyl-cl-n-gh~copyranosyh~onic 

acid)-3-0-methyl-D-xylopyranose 

37 1.8 
1495 77.7 

4-2 
IS-9 

aPlus a trace of 2,3,5-tri-0-methyl-L-arabinose. aPlus a trace of n-O-methyl-D-xylose. 

The isolation of 2,3-di-U-methyl-D-xylose indicates that, in common with 
other land-plant xylans hitherto investigated, the polysaccharide consists of a chain 
of (I -_, 4)-linked D-xylopyranose residues ls2; the negative specific rotations of the 
parent xylan and of the methylated derivative indicate that the principal mode of 
linkage is by /?-D-xylosidic bonds. The 2,3,@ri-O-methyl-D-xylose must be derived 
from ter.minal, 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 (Op) of 64_ That the molecule was unbranched was also 
indicated by the molecular-weight determination by ebulliometrys on the methylatecl 
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-0-methyl-D-xyloses is in excess of that which can be accounted for by a 
fully methylated structure. In this work, 3-U-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 Carter6 obtained similar results when studying the acidic xylan 
from Norway Spruce. It is usual to attribute an excess of mono-0-methyl-D-xyloses 
either to undermethylation of the xylan, or to demethylation’a* during the metha- 
nolysis and hydrolysis of the methylated xylan, but neither explanation can satis- 
factorily account for preponderance of 3-0-methyl-D-xylose over the 2-U-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 evidence9 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 uranic 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-D-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 solvent, may have catalysed an 
esterification of certain of the C-2 hydroxyl groups by uranic 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 Time113 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 periodate-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 xylanslJ, and particularly the structure of the cin- 
namon-fern xylan 10, it is probable that the attachment is directly to the main chain 
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by a (r-+3)-glycosidic linkage. This would accord with the finding of a small pro- 
portion of 2-O-methyl-D-xylose, although other explanations are possible. 

The isolation of 2-U-(4-O-methyl-a-D-glucopyranosyluronic acid)-D-xylose 
and of 2-0-(2,3,4-tri-O-methyl-a-D-giucopyranosyluronic acid)-p O-met hyl-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 
a-( I --f 2)-glycosidic bonds. 

In summary, the xylan has a chain of /?-(1+4)-linked D-xylopyranose residues, 
one in every seven of which, on average, has a terminal 4-U-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 (r-+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 
proposed 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 
fernlo, but the latter has a higher proportion both of residues of arabinose (3%) 
and of uranic acid (ca. 17%), and also a higher DP (ca. 130). Time11 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 D-glucuronic acid point to the similarity of 
the xylan Prom 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 go upwards; cereals and grasses, 
on the other hand, contain xylans having similar degrees of polymerisation. 

EXPERIMENTAL 

Paper chromatography was performed on Whatman No. I and 3 MM papers, 
and thin-layer chromatography (t.1.c.) on glass plates (20 x 5 cm) coated with Kieselgel 
G (Merck, Darmstadt). The irrigants (v/v) used were (I) ethyl acetate-acetic 
acid-formic acid-water (18:3:1:4); (2) butan-I-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: I. I 5: I). Chromatographic spray reagents were p-anisidine hydro- 
chloride or alkaline silver nitrate. Gas chromatographyll was effected on a Pye 
Argon Gas Chromatograph. The columns ( IZO x 0.5 cm) contained as liquid phase: 

A, 20% Apiezon M; B, 20% Carbowax 2oM; C, butane-r,4-diol succinatell; the 
support was either alkali-washed (A) or acid-washed (B andC) Celite (mesh 80-120). 
The argon flow-rate was 30-60 ml/min. Electrophoretic examination of monosac- 
charides and of oligosaccharides was carried out in either o. I M borax or in 0.05 hl 
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sodium germanate buffer12 on sheets of Whatman No. I 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 r,ooo-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 13. The uranic-acid determinations 
were made by the method of Anderson et al. 4. Optical rotations were observed at 
18f3”. 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 hemicelhdoses 

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% (3 x5 1) and IO% (4x5 1) 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 colIected, 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 (83.3 g, 18.5% of the holocellulose); [a]~ -2g.5O (c 0.81, N sodium 
hydroxideanduronic-acid content, 16.0%. On hydrolysis, a sample gave xylose, glucose, 
mannose, galactose, and arabinose, in the molar ratios of 6: ~:z:r:trace, and three 
other components, one of which was chromatographically indistinguishable from 
4-O-methyl-D-glucuronic acid. The IO”/~ 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 A was dispersed in water 
(2 I), and glacial acetic acid (400 ml) was added. The precipitate (AP) that formed 
was separated by centrifugation. The supernatant solution, on treatment with acetone 
(2 vol.), yielded a precipitate (AS) 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 (APz). The Iatter material tias dispersed in water (800 ml), and 2 N sodium 
hydroxide (160 ml) was added, followed by glacial acetic acid (400 ml). The resulting 
precipitate (AP2) was washed and dried. Similar, further fractionations yielded, 
successively, Fractions AP3 and APq, hydrolysates of which were chromatographi- 
tally indistinguishable. Fraction APq (16.3 g, 5.7% of the holocellulose) had 
[@ID -53.6” (c 0.91, N sodium hydroxide). Whereas Fraction I contained two electro- 
phoretically separable components, Fraction AP4 contained only one component. 
The electrophoretic homogeneity of the material in Fraction APq 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 (60 ml, 12 h 

at 100”). After neutralisation with barium carbonate, the hydrolysate was passed 
through a column Amberlite IR-12o(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 I) revealed three acidic components 
having RxYl values: A, 1.30; B, 0.67; C, 0.18. They were fractionated on paper 
chromatograms (Irrigant I). Yields: A, 35 mg; B, 56 rug; C, 5 mg. 

Acid A. The acid was indistinguishable on chromatograms (Irrigants I and 3) 
from 4-O-methyl-D-glucuronic acid and had [a]D f40” (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 (IO mg) for 18 h. The excess of reduc- 
tant was destroyed by Amberlite IR-IZO(H+ form), the resin and solvent were 
removed, and the borate was volatilised as methyl borate. The product on hydrolysis 
was chromatographically indistinguishable (Irrigants I and 3) from 4-O-methyl- 
D-glucose. 

Acid B. The acid (56 mg) had [oL]D +IOI” (c i-5, water). Its 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 I 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 (0.25 ml). The products were 
partitioned between chloroform and water, and, from the chloroform, a crystalline 
product was obtained, which on recrystallisation from ethanol-ether, had m.p. 
2oo-202~ and [a]D +106” (c 1.0, chloroform); these values correspond with those 
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for methyl 2-0-(2,3-di-U-acetyl-~-O-methyl-a-D-glucopyranosyluronic acid)-3,4-di- 

O-acetyl-D-xylopyranosidels. The infrared spectrum was similar to that reported 

for an authentic sample of the above compoundra. 

Acid C. The acid (5 mg1 was reduced through its methyl ester methyl glycoside 
as above_ The product, on hydrolysis, yielded components which were chromato- 

graphically indistinguishable (Irrigants I and 3) from xylose and @-methyl-D- 

glucose (molar ratio, 2:I). 

Periodate oxidation of the xyla@ 
A sample (I 15 mg) of the xylan, dissolved in water (50 ml), was treated in the 

dark at 5” with 0.2b1 sodium metaperiodate (50 ml). Samples (5 ml) were withdrawn 

at intervals, and the amount of periodate consumed (mol. per residue, assuming the 

ratio of uranic acid to pentose residues to be 1:7) was as follows: 0.69 (27 h); 

‘0.90 (70 h); 0.91 @g 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 (r-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 uranic 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 (IO g) of the xylan was methylated with 40% sodium hydroxide 

(IOX 150 ml) and dimethyl sulphate (IOX IOO ml). The product had OMe, 28.00A. 
Methylation was continued by using methyl iodide (IOO ml), methanol (5 ml), and 

silver oxide (25 g), and boiling under reflux. Further additions were made daily of 

methyl iodide (14x 25 ml) and of oxide (14x25 g). The methylated product (7.24 g) 
had OMe, 38.8%r5. It was fractionated by dissolution in mixtures of chloroform 

and light petroleum (b.p. 60-809, and the soluble material was recoveredla. 

TABLE II 
FRACTIONATION OF LETHYLATED XYLAN 

Fraction Chloroform/light petroleum (F/U) Oikfe, 7: [a]D (chloroform) 

I I/S 50.2 - - 
2 114 37-3 - - 

3 217 1198 38-3 -36.4 (c 1.15) 

4 I/3 3644 38.1 -33-g (c 2.66) 

Samples (IO mg) of all fractions were dissolved in 72% sulphuric acid (0.2 ml), 
and, after 30 min, the solution was diluted to 12% and heated at 100~. Chromato- 

Carbohydrate Res., 2 (x966) 24-34 



AN ACIDIC XYLAN FROM BRACKEN 31 

graphic examination (Irrigants I and 2) showed that Fractions 3 and 4 were similar, 
but different from Fractions I and 2. The hydrolysates of the former fractions had 
components which were chromatographically indistinguishable from z&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 I 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 nrethyiated xylan 
A sample of methylated xylan was boiled under reflux with 1.5 % anhydrous 

methanolic hydrogen chloride. Th e methanolysate (2.72 &) was saponified with 

saturated barium hydroxide (50 ml) at 60” for 2 h, neutralised with solid carbon 

dioxide, and deionised with Amberlite IR-120 (Hf 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 (70 x5 cm) by usin, u light petroleum (b.p. ioo-Izoo)-butan-r-01 

(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, 94% (Table I). 

Examination of the fractions from the hydrolysed methylated xylan 

Fraction I. The syrup had [oL]D +18” (c 0.5, water). Paper chromatography 

(Irrigants I, 2, and 4), and t.1.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 

(I ml)_ The product was neutralised and the solvent removed. The retention times 
of the methyl glycosides on gas chromatograms (liquid phases A and B, at 150~) 
were identical with those of methyl 2,3,4-tri-O-methyl-D-xyloside. A sample (2 mg) 

of Fraction I was demethylated with boron trichloride; only xylose was detectable 
on a chromatogram (Irrigant 5) and on an electrophoretogram (borate buffer). 

Fraction Z. The syrup had [~]n 923-j’” (c 1.8, water) and, on seeding with 

2,3-di-U-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 phaies A and B) 
identical with those of methyl 2,3-di-U-methyl-D-xyloside. The crystalline derivative, 
2,3-di-U-methyl-IV-phenyl-D-xylosylamine, was formed and had m-p. 123~ (ethyl 
acetate). 

Fraction 3. The syrup had [a]D + 15” (c 0.5, water). A sample was chromato- 
graphically indistinguishable from 2-U-methyl-D-xylose and 3-U-methyl-D-xylose. 
Electrophoretic examination (borate and germanate buffers; 200 volts for 12 h) 
showed components indistinguishable from 3-U-methyl-D-xylose and z-U-methyl- 
D-XylO?e (trace). After demethylation of a sample of the syrup, only xylose could be 
chrom&ographically or electrophoreticahy detected. The major component was 
characterised by conversion into crystalline 3-U-methyl-IV-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, 5 =ave colourless crystals of methyl 2-U-(2,3,4- 
tri-O-methyl-a-D-~ucopyranosyl)-3-U-methyl-D-xylopyranosidel5, 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 IOOO), and the neutralised hydrolysate 
was examined by paper chromatography (brigants I and 2) and electrophoresis 
(borate and germanate buffers). The principal products were indistinguishable from 
3-U-methyl-D-xylose and 2,3,4-&i-U-methyl-D-glucose; a minor product was indis- 
tinguishable from 2,3-di-U-methyl-D-xyiose. A sample (16 mg) of the reduced methyl 
ester of the aldobiouronic acid was treated in the dark at room temperature with 
methyl iodide (3 x 3 ml) and silver oxide (3 x 3 g). The product was recovered by 
extraction with chloroform and was hydrolysed with sulphuric acid. Chromatographic 
(Irrigants I and 2) and electrophoretic examination (borate and germanate buffers) 
of the hydrolysate indicated the presence of 2,3,4,6-tetra-U-methyl-D-glucose and of 
3,4-di-U-methyl-D-xylose; traces of 3-U-methyl-D-xylose and 2,3,4-tri-U-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 (Lrrigant 2), yielded four components. 

Component a (26 mg) was chromatographically indistinguishable from 2,3,4- 
tri-U-methyl-D-glucose (Irrigants I, 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 A and B) which were indistinguishable from 
those given by methyl 2,3,+tri- O-methyl-D-glucopyranosides. 

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

Component c (23 mg), [~]n +20° (c 0.5, water), was indistinguishable on paper 
chromatograms (Irrigants I and 2) and on electrophoretograms (germanate and 
borate buffers) from 3-O-methyl-D-xylose. 

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

Molecular weight of the methylated xylan 

The molecular weight of the methylated xylan, determined by ebulliometry, 
was 675ort500. Due to foamin, (+ 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 aguilinum is similar to 

xylans from woods, but has a lower degree of polymerisation. It has a chain of 
/I-(~-+&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 (r++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. 

REFERENCES 

I T. E. TIMELL, Admn. Corbohydmte Cilem., Ig (1964) 247. 
2 G. 0. ASPINALL, Aduan. Carbohydrate Chem., 14 (1959) 429. 
3 T. E. TIhIELL, Chem. Ind. (London), (x965) 522. 
4 D. M. W. ANDERSON, Talanta, 2 (1959) 73. 
5 R. S. LEHRLE ASP T. G. MAJORY, 3. Polymer Sci., ng (1958) 219. 
6 G-0. ASPINALL AND M.E.CARTER, J. Chem. Sot., (1956) 3744. 
7 I.CROON, G.HERRSIRBM, G.&JLL,AND B.LINDBERG, Aczn Chem. Scam& 14 (1960) 1338. 

8 S. K. CHANDA, E. L. HIRST, J. K. N. JONES, AND E. G. V. PERCIVAL, J. Chem. Sot., (x950) 1289. 
g I. CROON AND B.LINDBERG, Suensk Papperstid., 60 (1957) 843; I. CROON AND T. E. TIhmL, 

J. Am. Chem. Sot., 82 (1960) 3416; Can. J. Chem., 38 (1960) 720. 
IO T. E. TWELL, Saensk Pupperstid., 65 (1962) 122. 

Carbohydrate Res., 2 (1966) 24-34 



34 I. B-, K. C. B. WDXIE 

II C. T. BISHOP, A&m. Carbohydrate Ciiem., rg (Ig6q) 95. 
12 B. L~BERG AND B. SWAN, Acta Chem. Stand., 14 (1960) 1043. 
13 M. DUBOIS, K. GILLES, J_ K. WTON, P. A. &BERS, oh?) F. S-, Nature, 168 (rggr).167; 

Anal. Chem., 28 (1956) 1366. 
14 L. E-WISE, M. MURPHY, AND A.A.D'~DIEco, Paper Trade J., 122 No.2 (1946) 35 
15 T. E. TIMEU, J. Am_ Chem. Sot_, 81 (1959) 4g8g- 
16 R. D. GUTHRLE, Merhods Carbohydrate Chem., I (1962) 432, 435. 

Curbohydiute Res., 2 (x966) 24-34 



Carbohydrate Research 
Elwvier Publishing Company. Amsterdam 
Printed in Belgium 

REACTION OF AMMONIA WITH SOME ACETYLATED 
BENZOYLATED MONOSACCHARIDES 

PART X*. ASSIGNhlENT OF THE K-D CONFIGURATION TO THE 

N-ACETYL-D-GL~COFURANOS~LAMI~ OBTAINED 

ALBERTO S. CEREZO AND VENANCIO DEULO~~U 

35 

AND 

Deparramenro de Quimica Orgdnica, Faculrad de Ciencias Exactas y Naturales, Peni 222, Buenos 

Aires (Argentina) 

(Received October zznd, 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 I ,I-bis(acylamido)- r-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 ZV-benzoyl-~-D-mannopyrano- 
sylamine from r,2,3,&-penta-0-benzoyl-=- or -p-n-mannoses or from hexa-O- 
benzoyl-D-glyceru-D-g&c1&heptononitrile3, and of N-benzoyl-cr-L-rhamnopyrano- 
sylamine from x.2,3,4-tetra-0-benzoyl-L-rhamnose 4. To the best of our knowledge, 
the only example in which a N-acyl-p-glycofuranosylamine has been obtained in a 
similar reaction is the formation of N-acetyl-D-glucofuranosylamine (Ia) by the 
ammonolysis of acetylated D-glucoses or derivatives, namely, 2,3,4,5,6-penta-O- 
acetyl-D-glucoses, r,2,3,4,6-penta-0-acetyI+D-glucosea, hexa-O-acetyl-D-glycero-D- 
&co-heptononitrile 5, and hexa-0-acetyl-D-glycero-D-ido-heptononitrile7. 

RESULTS AND DISCUSSION 

We have now found that, by ammonolysis of r,2,3,4-tetra-0-acetyl-B-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 
yielded crystalline products a=*. 

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

*Part IX, see ref. I. 
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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 methodls). 

(Ia, R=CHOH-CH20ii) (Ira .R=H) 

(Ib.R=CHZOH) (Iib,R=cocH3) 

It was found that the furanoid form was the a-D anomer and that the (formerly 
known) N-acetyl-D-glucofuranosylamine also has the Q-D conf&tration at C-I. 

The assignments were reached: (a) by determination of the optical rotation of 

the polyaldehydes obtained on periodate oxidation of the N-acetyl-D-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 

N-Acetyl 
derinatice of Original 

products 

Cal0 

Reduced 
PolyaIdehydesa polyaldehyde+ 

j!?-D-Galacto- 
pyranosylamine 
/!LD-G~uco- 
pyranosylamine 
/?-D-MEMO- 
pyraaosylamine 
B-D-XylO- 
pyranosylamine (IIb) 
/L?-D-L-O- 

pyranosylamined 
a-D-Galacto- 
pyranosylamine (IV) 
a-D-Gluco- 
furanosylamine (Ia) 

Or-D-XyiO- 
fixanosylamine (Ib) 

- 9.8 

- 22.0 

- 47.8 

- I.0 

- 47-o 

+194-g 

+ 87-9 

fIoo.0 

-95.4b 
-97.3 
-g5.6C 
-95.4 
-gS.gC 
-99.9 
-39.3= 
-40-5 

-43.3 
+~6.7~ 

+59.2 

tIo.7 

f57.4 

- 
-10.8 

- 

- 9.4 
- 

- 10.6 
- 

- 8.6 

-10.9 
- 

-i- 9.3 

+ 9-5 

-k 7.1 

Walculated on the basis of the weight of the original substance. %ee Reference I I. CSee Reference 12. 
dCompound prepared by S. Delpy (Ph. D. Thesis, University of Buenos Aires, 1962); m-p. 164-165”. 

lor3&! -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. LaterIs, they extended their 
method to other N-acetyl+rr-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 Frushrs to the N-acetyl- 

,8-D-xylopyranosylamine (IIb), a value of [a]D -39.3” was obtained for the dialde- 

hyde; this is much lower than the average of [a]D -gy_o” found for the dialdehydes 
obtained from the N-acetyl-D-hexosylamines (see Table I). A similar rotation, [aIn 

-43.3”, has been observed by us for the dialdehyde produced by periodate oxidation 

of another pentose derivative, viz., N-acetyl-,9-D-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 Clevela 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 asymmetry of C-5 is 
eliminated by the reduction. 

HC=O O’CH 

When this procedure was applied to N-acetyl-a-D-galactopyranosylamine (IV), 

the anomeric configuration of which is knownll, 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 [a]n +7.1O to fg.$‘; in our opinion, this 

result permits assigning of the a-D configuration to the anomeric carbon atom of 

both of these furanosylamines. 
Compounds (Ib) and (IV) must afford the same dialdehyde (III) by periodate 

oxidation and, in fact, the same rotation was recorded at this stage for both substances 
(see Table I). 

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 Frush12 for a series of glycosylamines, but the results obtained confirm, 
in our opinion, that both of the iV-acetyl-D-glycofuranosylamines are the a-D anomers. 

For the contribution (to the rotation) of the anomeric carbon atom, we have 

used the A values obtained by them r1 for the anomeric pair of N-acetyl-D-gal- 
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actopyranosylamines, namely, f204O. To calculate the rotation of the iV-acetyl-a-D- 
glucofuranosylamine, we employed the B value derived from the anomeric methyl 
D-glucofuranosided4, namely, f3g” and also from the two ethyl D-glucofuranosidesls, 
namely, + 16”. When the first B value was used, a calculated value of [$]n +243” 

was obtained for the N-acetyl-a-D-glucofuranosylamine; the second B value gave 
[$]D +220°. Both results are in good agreement, in sign and order of magnitude, 
with the experimental value of [$]n +1g4”_ For the F-D anomer, the [+]D calculated 
is - 165~ and - rg8”, respectively. 

For N-acetyl-a-D-xylofuranosylamine, a B value of +76’ was employed, derived 
from the anomers of methyl D-xylofuranoside 1s. This gave a calculated value of [$]D 
+280°, as against the experimental value of [#In + Ig I O. (The vaiue caIculated for the 
P-D anomer is [$]D -128O.) 

The two N-acetyl-D-xylosylamines isolated from the ammonolysis of 1,2,3,4- 
tetra-O-acetyl+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 a-D configuration, the pyranoid form is obtained as the B-D 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 #LD configuration of the pyranoid 
form, that, for D-xylopyranosylamine, the equilibrium is displaced so much in favor 
of the @ anomer (Ila) that it is essentially the only one present in solutiorP. 

That the a-~ 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, sir_, 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-I on the other side. 

The B-D anomer of the furanoid form will have three bulky substituents on one 
side, although the acetamido group at C-r 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 this conformation, theg-D anomerisless strained, 
although the difference in energy content between the anomers must be small. 

The favored formation of the a-D anomer has some similarity to the results 
obtained by Bishop and Cooper17 on methyl glycosidation of D-xylose. They found 
that, at the beginning of the reaction, methyl a-D-xylofuranoside is formed faster 
than the B-D 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 /I-D anomer. 

If the formation of N-acetyl-a-D-xylofuranosylamine is much faster than that of 
the 8-D 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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latter substance yielded a sirup, that, on treatment with absolute ethanol, gave 
0.14 g (3.1%) of crystals of m-p. 206-208’. Recrystallization from the same solvent 

produced plates of m.p. 212-213~ (cap.), 218-220’ (Kofler); [oL]143 -1.2“ (c o-5, water). 

It was identified as N-acetyl-@-D-xylopyranosylamine by mixed m.p. and i.r. spectrum. 

Isbell and Frushl2 gave m-p. 213O, [CXJD -0.7’ (water). 

Oxidation of the N-acetyl-D-giycosy1anzine.s to aldehydes, and subsequent reduction 

to polyhydric alcohols 

To 0.1 mmole of the N-acetyl-D-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 3u h. A constant 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 IO mg of sodium hydrogen carbonate, and treated with IO 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 controlled by the determination of the 
consumption of periodate (using Aspinall and Ferrier’s spectrophotometric methodlg). 

SUMhlARY 

The N-acetyl-D-glycofuranosylamines produced in the ammonolysis of acety- 
lated D-xylopyranose and acetylated D-glucopyranose have been found to be the 

IX-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 result. In the ammonolysis of 
tetra-0-acetyl+o-xylopyranose, the known N-acetyl-B-D-xylopyranosylamine is also 
produced. 
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INTRODUCTION 

A ‘cxylosyIserine” of unknown linkage was isolated by Rodtn et aim1 from partial 
hydrolysates of heparin and cartilage fractions. It was assumed that the 0-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 I:I, and the compound was readily separated from serine on 
Dowex-so resin, by paper chromatography, or paper electrophoresis. The o.r.d. 
behavior of the “xylosylserine” was compared with that of methyl /3-D-xyloside and 
L-se&e and strongly indicated that the configuration of the D-xylosyl linkage was B 
and that the natural product had the L-serine /3-D-xylopyranoside structure. In order 
to prove the structure of the isolated compound, we undertook the synthesis of both 
the a and p anomers of r_-serine o-xylopyranoside. At the same time, the L-serine 

p-D-xylopyranoside was desired as starting material for experiments involving the 
alkaline cleavage @-elimination) of polysaccharide-protein complexes from cartilage. 

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

P 
P 
C=O 

C=O I 
I 

NH 0 

I II 
l HO--CHZ--C--C-o--CH~ 

I 
H 

cmc 
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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 cacao 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. I and 3 MM paper in the following systems: 
butan- r-ol-pyridine-water, 6:4:3 (Solvent A), buran - r-ol-acetic acid-water, 5:2: I 

(Solvent B), and butan-I-ol*thanol-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 20-30 V x cm-l for 2-3 h. Xylose assays were performed accor- 
ding to a modifi-d Mejbaume procedure (orcinol reaction) using xylose standards. The 
values given are averages of IO measurements. Serine was determined on the Technicon 

with acid in the sa 
acid hydrolysis, using serine standards which were treated 

the “xylosylserine” samples. Optical rotations and 0-r-d. 

spectropolarimeter at 29. 

2,3!4-Tri-0-aceryl-a-D-xylosyl bromide7~8 

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 I 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 ilz vacua at 5o”, the oily residue was further 
dried by codistillation three times each with toluene (30 ml) (distilled over sodium) 
and finally dissolved in absolute ether (IO ml). After adding a boiling chip to promote 
crystallization, the resulting ether solution was cooled to -7o”_ The white crystalline 
precipitate which formed was filtered off under dry nitrogen. Yield g-2 g (70%) m.p. 
ggO [a]2 +21 IO (c I, chloroform). 

L-Serine 2,3,&tri-O-acetyZ-j%Lh.~yZopyranosideQ~10 

N-Benzyloxycarbonyl-L-serine-benzyl ester (Cycle Chemical Corp.) (2 g) was 
dissolved in dry, alcohol-free chloroform ( IOO ml). Silver carbonate (IO 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-cc-n-xylopyranosyl bromide 
(5 g) was then added, the vessel was tightly cIosed (carefully greased ground joints), 
and the reaction mixture was magnetically stirred for 16 hays in the dark at room 
temperature. Preliminary experiments had shown that the reaction had to be carried 
out at a moderate temperature for a rather long time. In order to remove the excess 
of 2,3,4-t&O-acetyl-a-D-xyiosyl bromide, absolute ethanol (IOO mI) was added and 
the mixture stirred for an additional 24 h. The slurry was centrifuged, the supematant 
was decanted, and the pellet was resuspended in alcohol and the suspension centrifuged_- 
The combined supernatants were evaporated in MCUO to a sirup which was extracted 
thoroughIy with hot water (300 ml). The Iatter treatment removed most of the ethyl 
2,3,4-tri-O-acetyl-/i-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 
I:I and hydrogenated for 24 h in the presence of freshly prepared IO% 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 
titrate and washings evaporated in UCICUO to a sirup. The sirup was extracted with 
ether in order to remove the last traces of ethyl 2,3,4-tri-O-acetyl-/i-D-xyloside and 
other contaminants whereupon the sir-up 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 (z g) was 
therefore dissolved in butan-I-01 saturated with water, mixed with microcrystaliine 
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-I-01 saturated with water. The column was developed with 
butan-I-01 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 80 fractions the column was washed with water, 
and a second ninhydrin positive peak (serine) was obtained in fractions go-Ioo. 
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, 
washed and dried with alcohol and ether, yield 250 mg (11.5%) m.p. 194” (dec.), 
[LY$ -51” (c 0.33, water). 

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

Anal. Calc. for G~HwOUIN: C, 46.28; H, 5.83; N, 3.86. Found: C, 46.23; 
II, 5.84; N, 3.98. 

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

bSerine b-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 uzcuo (bath temperature below 253. The 
sirupy residue crystallized after a few days and exhibited a variable melting point 
22o-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 m Solvent C. The 
corresponding a-D-anomer(I1) was clearly resolved from both the natural and synthetic 

Fig. I. 0.r.d. of r-serine 2,3,4-tri-O-acetyl-B-D-xylopyranoside. 

h mEJ 
200 300 400 

1 1 

-40 - 

-8O- 

-120- 

-160- 
(10 

-200 - 

-240- 

-260- 

-320 - 

-360- 

Fig. 2. 0-r-d. of natural (N) “xylosylserine” and L-serine B-D-xylopyranoside (I). 
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products, as welI as from serine. The /3-D-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 methy a-D-xyiopyranoside on that of L-set-me (Fig. 3) 

Fig. 3. 0.r.d. of synthetic L-serine a- and @-D-XyIopyranoside (I and II), r-serine, and methyl cc- and 
/l-D-xylopyranoside. 

The mother liquors from the crystallization of L-serine 2,3,4-tri-O-acetyl+?-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 RF as that of the natural material. A 
minor component (II) had a slightly higher & value, Rserrae 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-set-me 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 r_-serine a-D-xylopyranoside is assigned II, it has not yet been obtained 
in crystalline form. 

DISCUSSION 

Jones et al.9 synthesized L-serine 2-acetamido-2-deoxy-/3-6-D-glucopyranoside 
starting from 2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-a-D-glucopyranosyl chloride and 
N-benzyloxycarbonyl-L-serine-methyl ester. During alkaline hydrolysis of theacetylated 
glycoside intermediate, partial /J-elimination of 2-acetamido-2-deoxy-D-glucopyranose 
occurred. This is in agreement with the findings of Riley et al.11 who observed B- 
elimination 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 &elimination while the carboxylate ion would protect the molecule by decreasing 
the possibility of proton removal from the adjacent carbon atom. 

NBenzyloxycarbonyl-r_-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 B-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 cc-D-anomer was also obtained. I was the major product 
and its 0-r-d. behavior could be explained as a superposition of the o.r.d. curves 
of methyl B-D-xylopyranoside and r_-serine. In view of this, and since it derived from 
a crystalline acetate, [CC]?? -5r0, it was assigned the structure L-serine P-D- 
xylopyranoside. IT, 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 a-D-xylopyranoside and L-serine, 
and was therefore assigned the structure L-serine a-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 z-D- and B-D- anomers separate on paper but not on Dowex 50, 
while the apparent diastereoisomeric pairs L-serine p-D-xylopyranoside and D-serine 
j3-D-xylopyranoside, separate on Dowex 50 but not on paper. 
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SUMMARY 

The synthesis of L-serine /?-D-xylopyranoside as well as of its a-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 B-D-xylopyranoside. 
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ISOLATION OF HYALURONIC ACID FROM HUMAN SYNOVIAL 
FLUID BY PRONASE DIGESTION AND GEL FILTRATION 

S. A. BARKER AND N. M. YOUNG 

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

(Received October moth, 1965) 

INTRODUCTION 

In previous studiesl, we isolated hyaluronic acid, largely freed from proteins, 

by repeated deproteinisation of human synovial fluids with r,r,2-trichloro-r,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 whoIe 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 r.-c,rsteine, for activation; L- 

cysteine may participate in oxidative-reductive degradation2 of hyaluronic acid. 

MATJZRIALS AND A4ETHODS 

Buffers of standard composition3 were used in this work. 

Behaviour of synovialfluid ora Sephadex G-ZOO 

Synovial fluid (0.3 ml, from a patient having rheumatoid arthritis) was diluted 
with M sodium chloride (buffered to pH 7 with 0.01~ phosphate; 2.7 ml). The mixture 
was centrifuged to remove tissue debris and then passed, under gravity flow at 4O, 
through a column (2 x 50 cm) of Sephadex G-200 in the presence of the same buffer. 
Fractions (4-5 ml) were collected and assayed for urouic acid by the Gregory4 mod& 
cation of the Disches carbazole reaction. Ultraviolet absorbance at 280 mp was meas- 

ured in I-cm cuvettes on a Unicam SP 500 spectrophotometer. The results are shown 

in Fig. ra. 
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Time required for pronase digestion 

Mixtures of pronase (Calbiochem, B grade; 7 mg), centrifuged synovial-fluid 

(4 ml, from a patient having rheumatoid arthritis), and 7 ml of phosphate buffer 

280 m.u -mu 

0.2 0.2 

0.1 0.1 

>, 
x .+z! 

.e 
E 50 100 150 E 

$ Volume (ml) % 

a 0.2- 
.u 

E 

0.1 - 

50 100 150 
Volume (ml) 

Fig. r. Separation on Sephadex G-200 of untreated synovial fluid (0) and synovial fluid after pronase 
digestion in Tris buffer (b). - Optical density (o-d.) at 280mp (protein or peptide debris); x-x-x, 
o-d. at 530 rnp (uranic acid). 

(0. I I, pH 7 or pH 8, saturated with calcium chloride) were incubated for 50 h (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 r-ml 
portions by the method of Yem and Cockings. 

TABLE I 

OPTICAL DENSITY AT 570 IlIp 

x.5 h 22 h 50 It 

PH 7 0.23 0.58 0.64 

PI-I8 0.26 0.59 o-73 

Pronase digestion of synouialjkid 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 Alter. The mixture was centrifuged (IO mm at 4” and 17 ooo r-p-m. in an 
iMSE 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-206 (Fig. 2a) with phosphate buffer (0.1 I, pH 7). 

570 nip 530mjJ 

h 
.e 
I 
$ 

a Fraction a 

Fraction 

Fig. 2. Separation on Sephadex G-zoo of synovial ff uid after pronase digestion in phosphate buffer (a), 
and redigestion of uranic acid peak (6). - o-d. at 280 mlr] (u-v--absorbance); x-x-x-, o-d. at 
350 rnp (uranic acid); ---------, o.d. at S7omp (n&ydrin). 

Assays were performed, as described above, by measuring optical density at 280 nq~, 
ninhydrin reactivity”, and uranic-acid contenta. The fractions containing uranic 
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). 

413 rnp 5 

I 

Fraction 

‘Omp 

12 

1.0 

0.8.Z 
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0.6 ; 

0.4 g 
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Fig. 3. Separation on SephadexG-75 of pronase.- o-d. at 280 rnp (u-v_-absorbance);----T--, o.d. at 
570 m/l (ninhydrin); -.-a-.-, o-d. at 413 rnp reduction (haemoglobin). 
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Purification of pronase on Sephadex G-75 

The supematant liquid from pronase (B grade, 12 mg) dissolved in phosphate 
buffer (0.1 I, pH 7,~ ml) was passed through a column (2.4 x 50 cm) of Sephadex G-75 
(head form) undei gravity flow with the same buffer. Fractions (50 drops; ca. 3.5 ml) 
were collected, and the optical density at 280 rnp and the ninhydrin reactivity6 were 
measured as above. Haemoglobin was used as a control for proteolytic activity; 
a portion (I ml) of every third fraction was added to o_oo7°/0 haemoglobin (5 ml) in 
phosphate buffer (0.05 I, pH S), and the mixture was incubated at 37” for 4 h. The 
decrease in optical density at 413 rnp was measured using I-cm cells; the optical density 
of a I % solution of haemoglobin was taken as 83-3. The results are shown in Fig. 3. 

\ 
Isolation of [l%]-hyaluronic acid fronz 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 
P4C]-D-glucose (50 PC), 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 r-min duration, at intervals of 
I minute; the disintegrator was cooled* throughout by solid carbon dioxide. Using 
sterile, phosphate buffer @H 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 o.o5-ml sample on a planchet and counting for 15 min in 
an end-window counter. 

280 530m,u mp 413 
f I 
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‘c) 
z 0.2 0.05 
z 0 
O 0.1 
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Fig. 4. Separationon Sephadex G-200 oftissue-cuIture digestion . -, o.d. atz8omp (u.v.-absorbance); 
x-x-x, 0-d. at 530 rnp (uranic acid); --------, o-d. at 570 mp (ninhydrin); -.-.-a-, o-d. at 413 mp reduction 
(haemoglohinj; _ _ _ _ _ _ . . radio-activity. 

Pronase activity in Tris and phosphate buffers 

Solutions of pronase (B grade) in Tris [tris(hydroxymethyl)aminomethane] 
-HCl buffer (pH 7,0.05 I) and in phosphate buffer (pH 7,o.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,o.1 I). The mixtures were incubated at 36”.for 3 h, and the absorbances 
at 413 m,u were compared with those of the haemoglobin solutions after similar 
incubation (Table II). 

TABLE II 

DECREASE IN OPTICAL DENSITY AT 41-j 3ll.U 

Buffer for enzyme Bugler for haemoglobin I.4 mg/mC 2 mglmt 

Tris-HCI Tris-HCI 
Tris-HCI Phosphate 
Phosphate Phosphate 

0.115 0.154 
0.083 0.118 

o-073 o-094 

Pronase digestion of synot-ial fluid in the presence of Tris bufler 

Synovial fluid (5 ml, combined samples) mixed with sterile pronase solution 
C7.5 ml; 1.5 mg of pronase-B/ml, tris-HCl buffer (0.05 I, pH 7.911, which was o.oo5hr in 
calcium chloride, was centrifuged at 4”, and equal aliquots were dialysed under 
sterile conditions, overnight at 4O, 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 r-ml sample, 
diluted to IO ml with the Tris buffer, by using a suspended-level viscometer (water 
flow-time, 183.50 set) maintained at 20 f 0.002~ in a water bath. 

Sample oh 4h 8h 16 h 24 h 
Specific viscosity 0.251 0.260 o-257 0.170 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 &f sodium chloride. Fractions (4 ml) were collected, and the uranic 
acid content” and optical density at 280 rnp were measured as above (Fig. rb). 

The fractions containing uranic 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. ra). 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 degradations 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. 28. 
A ninhydrin scan showed that the hyaluronic 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 ny~ 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 IQU region, with 
only a suggestion of an inflexion due to proteins at 280 mu, whereas subsequent 
fractions, which contained protein debris, showed de8nite 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 uranic acid) and 
ninhydrine reagents (for ammo groups) to give optical density ratios of I:I, 4:1, and 
IO:I, 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 rqu, due mainly 
to contributions from the carbonyl groups of the 2-acetamido-2-deoxy-D-glucose 
(Lau 220-225 rnkl) and D-glucuronic acid (lactone, ,I,,, 2 15 mic) 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 [l”C]- 
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-g), enabled the incubation time for digestion to be shortened considerably. 
As an additional precaution, the digests were dialysed overnight at 4O 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. Ib). Furthermore, the 
turbidity previousiy encountered with the hyaluronic acid had disappeared. 
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SWMMARY 

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 I. The latter is still under study, but D-curacose 
has been identified1 as the hitherto unknown 6-deoxy-4-Gmethyl-D-galactose on the 
basis of chemical evidence_ 

Thefollowingstereospecificsynthesisof 6-deoxy-+Gmethyl-D-galactose confirm 
this assignment of structure. The synthesis was achieved in two related ways. Benzyli 
denation of methyl /3-D-galactopyranoside (I) gave the known 4,6-benzylidene acetal 

Ph 

-b 0 

HO 

OMe 

lI:R=d=H P:R= R’= p-Tolylsulfonyl IQII R = R’= R’= ,?-Tolylsulfonyl 
IU:R = d=p-Tolyl%lfonyl PI:R= R’= Benzyl ?ZDi R = R’= EenZyl 
IP:R = R’= Benzyl R”= p -Tdylsulfonyl 

IX:R= R’= Beruyl X:R = RI= Benzyl 

(II) which, in the first method, was converted into methyl a+di-U-benzyl-4,6-O- 
benzylidene-j?-D-galactopyranosides (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 (t 5.24 and 5.04; J I I c.P.s.), 
whereas the other produces a singlet at t 5.23. 

Debenzylidenation of Wyielded methyl 2,3-di-0-benzyl-p-D-galactopyranoside3 
(VI) which, on mono-p-toluenesulfonation afforded syrupy methyl 2,3-di-O-benzyl- 
6-O-p-tolylsulfonyl-8-D-galactopyranoside (VIII)_ This, on desulfonyloxylation with 
lithium aluminum hydride was converted into methyl 2,3-di-O-benzyl-6-deoxy-,9-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-8-D-galactopyranoside (X). 
Catalytic debenzylationa of the glycoside (X) gave methyl 6-deoxy-4-0-methyl-/l-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~, [c&f j-102.6 + fSo.6” 
(final; c 0.92, water). The melting point of the synthetic sugar was not depressed on 
admixture with D-curacose. Galmarini and Deulofeul reported m-p. 131-132”, 
[cc]~ f82.0“ (c LO, water) for D-curacose. 

The n.m.r. spectrum of the synthetic sugar in deuterium oxide showed that both 
anomers were present; H-I exhibited two resonance patterns corresponding to H-I 
equatorial (E-D form) and H-r axial (j3-D form), respectively. The signal of the former 
gave a doublet at t 4.84 (Jl,s 3 c.p.s.) and that of the latter appeared as a doublet 
at t 5.50 (Jl,z 8 c.p.s.). Measurement of the spectrum of the deuterium oxide solution 

after 4 h revealed an increase in the relative intensity of the P-D formdoublet ascompar- 
ed to the a-~ form doublet, hence a shift of the equilibrium in favor of the equatorial 
orientation of the hydroxyl group at C-I had occurred; this shit accompanies the 
mutarotation. 

In the second approach, compound II was converted into methyl 4,6-O- 
benzylidene-2,3-di-O-p-tolylsulfonyl-8-D-galactopyranoside (III) which, on debenzy- 
lidenation yielded methyl 2,3-di-0-p-tolylsulfonyl+-D-galactopyranoside3 (V). Mono- 
p-toluenesulfonation afforded crystalline methyl 2,3,6-tri-O-p-tolylsulfonyl+D- 
galactopyranoside (VII), which was exhaustively methylated with methyl iodide 
and silver oxide to give a syrupy product presumed to be methyl 4-0-methyl-2,3,6-tri- 
O-p-tolylsulfonyl-j?-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-4-0-methyl-D-galactose (XII). Partition chromatography 
on cellulose yielded chromatographically pure XII, 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 deuteriochloroforrn 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. I with 4:1:5 I-butanol-ethanol-water (upper phase), and the reducing 
sugars were detected with aniline hydrogen phthalate. Solvents were usually removed 
under diminished pressure below 5o”_ 

Methyl p-D-galactopyranoside (I) 
D-Galactose (100 g) was acetylated with acetic anhydride (540 ml) and sodium 

acetate (44 g). The penta- 0-acetyl-B-D-galactopyranose (I 20 g) had m.p.5 I 37-138". 
This compound was treated with 30-32x hydrobromic acid in acetic acid (500 g), 
and processed as already described 6; the tetra-0-acetyl-E-D-galactopyranosyl bromide 
had m-p. 80-81”. This compound (122 g) was dissolved in dry methanol (r _g I), 
and silver carbonate (I 16 g) and Drierite (IO g) were added. The mixture was stirred 
overnight; the silver salts were filtered off and the filtrate was evaporated to a residue 
(rag g) presumed to be methyl 2,3,4,6-tetra-0-acetyl-P-D-galactopyranoside. A 
solution of this product in dry methanol (1.0 1) 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 IOO ml) and the extracts were decanted and discarded; the product was then 
recrystalhzed from ethanol to give pure I (52 g), m-p. r78-r7g”, [~]g t 1.2' (c 0.98, 

water)5. 

Methyl 4,6-O-benzylidene-/l-D-galactopyranoside (II) 
Methyl B-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. 203-20$, [a],, 24 -30. I o (c I -02, chloroform);?. The n.m.r. 

spectrum showed the benzylidene tertiary proton at T 4.28. 

Methyl 2,3-di-O-be~rLy~-4,6-O-ben~ytidene-8_D (IV) 
Compound II (30 g) was dissolved in NJGdimethylformamide (1.0 I), and 

50% sodium hydride in oil (50 g) was added in small portions. After I 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. 6o-80”) and was recrystallized (twice) 
from ethanol, yielding pure IV (32 g), m.p. 135~r36 O, [a]: t-48.5” (c 0.92, chloroform)3 
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 z 5-23; 

the tertiary proton (benzylidene) appeared as a sharp singlet at z 4.48. 

Methyl .q-di-O-benryl+mgalactopyranoside (VI) 

A solution of IV (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 (I 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. 6o-So”). The compound (21 g), m-p. 
68-70”, [c$,4 f 12.4~ (c 1.12, chloroform)3 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,j-di-O-ben~yl-6-O-p-tolyZsulfonyi-8_D-galactopyranoside (VZIZ) 

Compound VI (20 g) was dissolved in dry pyridine (40 ml) and maintained 
at o” whilea solution of p-toluenesulfonyl chloride (IO. 18 g) in dry pyridine (ao ml) was 
slowly added. The mixture was kept for 5 days at room temperature, poured onto 
ice-water and extracted with chIoroform; the combined extracts were washed with 
2 N hydrochloric acid and with water, and dried (magnesium sulfate). The residue 
(21 .g g) obtained by evaporation of the chloroform was shown by t.1.c. to be a mixture 
of the desired product with unreacted VI. The oily substance was chromatographed on 
a silica gel (roe-200 mesh) column with benzene-methanol mixtures. The chromato- 
graphically pure compound (13.1 g), [aIF +8-g” (c 0.99, chloroform) showed, in 
the i-r. spectrum, bands at 3450 (hydroxyl), 1360, and I 175 cm-1 (sulfonyl). 

Anal. Calc. for CesH320sS: C, 63.69; H, 6.10; S, 6.07. Found: C, 63.97; H, 6.30; 

S, 5-go- 

Methyl 6-deoxy-a,3-di-O-benzyyl-b--D-galactopyrano.Gde (IX) 

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 I 25”/10-3 mm to give pure IX, [a]$ + 3 I _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 z 8.64, J 6.2c.p.s.). 

Anal. Calc.for CaHssO5: C, 70.37; H, 7.31. Found: C, 70.63; H, 7.26. 

Methyl 6-deoxy-2,3-di-O-be~yI-4-O-methyl_B-D-ga~actopyranoside (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 I IO-I 13O/10-~ mm afforded pure X, [cY]~ -!-8_5O 

(c 1.21, chloroform). The i.r. and n.m.r. spectra agreed with the assigned structure. 

Anal. Calc. for C~~Hss0s: C, 70.90; H, 7.58; Found: C, 70.96; H, 7.27. 

MethyI 6-deoxy-4-0~methyl-@-D-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. 6o-80”) afforded XI (805 mg), m-p. 144-145”, [LY]~ -14.6” (c 0.95, methanol). 

The n.m.r. spectrum agreed with that expected for the proposed structure. 

Anal. Calc. for CsHisOs: C, 49.99; H, S-39. Found: C, 50.00; H, 8.53. 

Methyl q,6-O-benzyiidene-2,3-di-O-p-tolylsulfonyl-~-~-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 z 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. 169165’, [a]? +27.0” (c 1.18, chloroform)2s3. 

Methyi 2,3-di-0-p-toiykuIfony]-B-D-galactopyrattoside ( 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. 14o--142~, [o(]g +Ig.4O (c 1.43, chloroform)3. 

Methyl 2,3,6-tri-0-p-tolylsufinyl-B_D-galactopyranoside (VII) 
In a typical experiment, compound V (I g) in dry pyridine (2 ml) was cooled to 

o0 and p-toluenesulfonyl 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 frltered off, washed with water, and dried (1.34 g). Recrystallization 
(twice) from ethanol afforded pure VII (450 mg), m.p. 166168”, [x]F +10.7” (c 1.08, 

chloroform). The spectra agreed with those to be expected for the proposed structure. 
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Anal. CdC. for CssHssOlsSs: C, 51.20; H, 4.92; S, 14.65. Fotind: C, 50.91; 

H, 5.12; s, 14.33. 

When p-toluenesulfonyl chloride was used in excess*, the product obtained was 
methyl 2,3,4,6-tetra-O-p-tolylsuifonyl-8-D-galactopyranoside, m-p. r67-168”(depressed 
by Io-Ig”on admixture with methyl2,3,6-tri-O-p-tolylsulfonyl-~-~-galactopyranoside), 

[a]2 -l-14-3’ (c 1.01, chloroform), showing no hydroxyl bands in its i-r. spectrum. 
Anal. CJalc. for CssHssOr&: C, 51.84; H, 4.72; S, 15.82. Found: C, 51.96; 

H, 4.71; s, 15.43. 

6-Deoxy-q-0-methyl-D-galactose (D-curacose) (XII) 
(a) From methyl 6-deoxy-+t-0-methyl-/l-D-galactopyranoside (XI). A solution of 

XI (200 mg) in N hydrochloric acid (IO ml) was heated in a water bath for 2 h at go-roo”. 
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 wit9 o-curacose), [LZ]~ +102.6 (IO min) + i-80.6” 
(final; c o-92, water). The spect 

sugar and D-curacose were indist nguishable. 
t 

and chromatographic properties of the synthetic 

(b) From methyl z,3,6-ti i-0-p-to~y~.szr~fony&%~-galactopyranoside ( V’I) . A 
solution of VII (4 g) in methyl io 

ii 

ide (25 ml) and acetone (15 ml) was heated for 8 h 
under reflux in the presence of ilver oxide (2 g). The procedure was repeated four 
times until the hydroxyl band in k he i.r. spectrum disappeared. The solid was filtered 
off and washed with acetone, an 

! 

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 preseb of lithium aluminum hydride (3-5 g). After the 
excess of lithium aluminum hyd,Ede had been destroyed with ethyl acetate and ice, 
the salts were filtered off and wasl$ed with ether. The syrup (I. I g) obtained on removal 
of the solvent had no p-tolylsulf+yloxy bands in its i-r. spectrum. 

This compound was hydro’ yzed by refluxing it with N hydrochloricacid (15 ml) 
for 2 h. The cooled solution wa I neutralized with Dowex-3 (OH-) resin and filtered, 
and the filtrate was evaporated td an oily residue (350 mg). The product was chromato- 
graphed on a cellulose (Whatman, Standard grade) column, being developed with 
3:1:1 I-butanol-ethanol-water. ?!he eluted fractions were monitored by paper chroma- 
tography. The fractions having! the same RF were combined and lyophilized. The 
residue (60 mg) crystallized fro+ ethyl acetate on nucleation; the pure XII (23 mg) 
had m-p. r2g--131~ and its i-r. spectrum was identical with that of D-curacose. 

1 

6-Deoxy-4-0-methyl-D-gaZactose[ (p-tolylsuZfonyl)hydrazone 
Compound XII (20 mg) Tnd (p-tolylsulfonyl)hydrazine (20 mg) in methanol 

1.2 ml) was heated for 30 min iunder reflux and cooled. The crystalline precipitate 
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was filtered off and recrystallized from acetonit.riIe. The product had.m.p. r33-134“, 
[cz]&~ -11-o -+ -4-o” @al; c 0.87, pyridine), in good agreement with the values 
reported for D-curacose @-tolylsulfonyl)hydrazonel. 
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SUMMARY 

The. stereospecific synthesis of 6-deoxy-4-0-methyl-D-galactose has been 
accomplished by using somewhat different intermediates in two related ways. The 
synthetic sugar is shown to be identical with D-curacose, a constituent of the anti- 
biotic curamycin. Some of the known compounds used in the syntheses have been 
prepared by improved methods. 
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INTRODUCTION 

The genus Albizia (fimily Legunlinosae, sub-family Mimosoideae) contains 
Ioo-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“A. ” is used to abbreviate both “Albizia” and 
“Acacia “, and it is important that confusion between -these genera be avoided. 
Although the spelling “Albizzia” has been used consistently by chemical authors to 
date, the correct botanicai form” is Albizia. 

Although Adriaend reported the exudation of gum by Aibizia fastigiata and 
Albizia gunmifera, a structural study of Albizia zygid and a note on the composition 
of Albizia glaberrinza”, published simultaneously in September 1961, appear to have 
been the &rst significant studies of Atbizia exudates. These contributions were followed 
by notes on the composition of the gums from Albizia Iebbeck6 and Albizia procera7, 

and on the aldobiouronic acids in A. procera 8_ It is therefore clear that Drummond and 
Percival were incorrect in stilting 4 “the genus Albizia contains some twenty-six species, 
of which only two, A. zygi& and A. sassa, produce gum”. 

This paper primarily iresents results from an analytical study of the composition 
of the exudate from ACbizia 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 A. zygid, A. 

glaberrimn”, A. ZebbeckG, and A. procera7 (see Tables I and II) indicated that some of the 
analytical data for A. glaberrirna 5 were inconsistent with the broad characteristic 
features of the other species studied to date. Thus, Torto reported” A. glaberrinza 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 811 of its glucuronic acid (ca. 16%, by calculation from the 
neutrajisation equivalent reported”) were present in the @-methyl form; 

(c) to contain galactose, arabinose, and rhamnose, in the ratio 3:I:z-allowing 
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for 16% of uranic acid, it follows that the gum contained ca. 28% of.rhamnose, an 
unusually high value for a plant gum. 

Re-investigation of the composition of A. glaberrima gum was therefore 
desirable, and, inTables I and II, we compare our results for an authenticated specimen 
with those reported5 by Torto. 

=ERIMZNTAL AND RESULTS 

Analytical methods 
The methods used have been describedl, except that paper chromatography 

was carried out with the following solvent systems(v/v): (a) ethyl acetate-acetic acid- 
formic acid-water (I&3:1:4); (b) ethyl acetatz-pyridine-water (IO:&; (c) butan-I-ol- 
pyridine-water-benzene (5:3:3:1, top layer); (d) butanone-acetic acid-water, saturated 
with boric acid (9: I: I). 

Origin of specimens 
Gum from AZbizia sericocephaia (clean, pale-yellow nodules, closely similar to 

commercial grades of gum arabic (Acacia Senegal) in appearance) was collected at 
El Obeid in February 1965 by the Gum Research Officer, Republic of the Sudan. 
AZbizicz 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. A. sericocephala 

gave a very viscous solution ([q] = 92.6; c$ Acacia Senegal, [q] = 15-25). In contrast, 
A. glaberrima gave a very low viscosity, [T] = 4.7_ 

Table I presents the results of other analyses and gives comparisons with the 
corresponding data available for -4. zygia*, A. lebbeck6, and A. procera7. 

. 

TABLE 1 

ANALYTICALDATAFORCRUDE AibiziG GUhlS 

A. sericocephaln A. glaberrima A. zygid A. lebbeck” A. procerG7 

Moisture, “/@ 
Ash, % 
Limiting flow-time 

number0 
Nitrogen. % 
Methoxyl, % 
Uranic anhydride, % 
Solubility 

II 27 17 
4.4 5-7 5.8 

92.6 4.7 n.dC 

o-74 
0.69 

17-4 
Complete 
in water 

0.50 

0.83 
20.6 
Complete 
in water 

II 

4.6 
n.d 

I2 

5-7 
n.d 

od 0.26 0.2 
ca. I n.d n.d 
n-d n-d n.d 
Partial Complete Complete 
in N NaOH in 2% NaOH in water 

mother analyses are corrected for these values. *In 4% saline at 25.0~. Cn.d, not determined. dO~r 
reference specimen of A. zygia gives N, o.8g0A. 
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Purification 
The crude gums were each shaken for 36 h with sufficient cold water to give 5% 

(w/v) solutions. After filtration through several layers of fine muslin, followed by 
filtrations through acid-hardened paper, the gum solutions were eiectrodialysed at 
330 volts, in a grease-free, perspex cell fitted with cooling coils, until current ceased 
to flow. 

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

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

Analysis of the purzxed gums 
Table II presents the results obtained for A. sericocephala and A. glaberrima, 

and compares these with the data reported for A. glaberrimas, A. zygia*, A. lebbeck”, 
and A. procera7. 

Examination of aldobiouronic acids in A. sericocephala and A. glaberrima 
Samples were partially hydrolysed (N sulphuric acid, roo”, 8 h), neutralised 

(barium carbonate), filtered, de-ionised [Amberlite IR-120 (Hi form) resin)], 
and concentrated at 35”. Comparison of the partial hydrolysates on the same chromato- 
gram [Whatman No. I paper, solvent (a)] revealed that each gum contained three 
aldobiouronic acids, having the mobilities Raaz = 0.21, 0.42, and 0.58. A mixed- 
indicator sprayg, 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 Roaz = 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 &al = 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 
(2~ sulphuric acid, IOOO, 6 h), neutralised (barium carbonate), filtered, de-ionised 
[IR-120 (H+ form) resin], concentrated at 39, and examined in solvents (a), (b), 
and (c). The aldobiouronic acid having Rcaz = 0.21 gave glucuronic acid, glucurone, 
and galactose; the acid having Raar = 0.58 gave 4-O-methylglucuronic acid and galac- 
tose. The faster-moving acid was then shown to be identical chromatographically in 

solvent (u) with 6-O-(4-O-methyl-P-D-glucopyranosyluronic acid)-D-galactose, and 
distinct from 4-O-(4-O-methyl-a-D-glucopyranosyluronic acid)-D-galactose. The 
slower-moving aldobiouronic acid was chromatographically identical with 
6- O-(@-D-glucopyranosyluronic acid)-D-galactose. 

DISCUSSION 

The exudates from A. Zebbeck6 and A. procera7 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 
aIways be treated with reserve. 

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 Tortes and by 
ourselves. Despite a careful check on our results, the differences remain. Jt 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 Tort05 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 uranic 
acid content of A. giaberrima, 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 retentionlo of the methanol used to effect purification by precipitation. In 
order to detect such possible artifacts, we have always considered it essential1191s to 
report a limited number of exploratory analyses on any gum prior to attempting its 
purification_ 

A. prom-a has now been reported* to contain the same two aldobiouronic acids 
identified in A. zygia* gum. Although A. qgia gum was fractionated, A!. procern gum 
is claimed to be a homogeneous polysaccharide. We have confirmed Torto’s reports 
that A. glaberrima contains residues of three aldobiouronic acids; A. 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 A. qgia 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 cdnstituent13 in all Acacia gums, and the presence of two 
uranic acids is not an unusual featureI* in the Mimosoideae family. Structural investi- 
gations on A. sericocephala will be carried out, and analytical studies of further 
Albizia species are required to dive 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 Albizia species studied previously. The main aldobiouronic 
acids present in A. sericocephala and A. glaberrinta 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 
dycosides, oligosaccharides, and polysaccharides, and various inductive and steric 

explanations of the results have been given 1. 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 75O. 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. 

HC=N, 

I /N 
C=N 

I 
HOCH 

I 
HCO- l-a--o-G, 

I 
HCOH 

I 
tHEOH 

- Maltose-----, 
I 

Iit 

m 

HCOH 
I 

HOCH 

HCO- l--~-D-G~ 
I 

HCOH 
I 

CH;?OH 

R = - CH20H 
R=-C02H 

Y R=-~H~H-cc~N 

H~O-l-c--_-Gp 
I 

HCOH 
I 
CH20H 

*Preliminary report, J. N. BEMILLER AND R. K. MANN, Abstracts Papers Am. Chem. Sot. 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 So”, 6o”, 
and 40°, in 0.998 N sulfuric acid: mahose (I), mabose phenylosotriazole (II) [4-(2-O-x- 
D-glucopyranosyl-D-arabino-tetrahydroxybutyl)-2-phenyl-2~-r,2,3-tri~ole; ~-O-CC-D- 
glucopyranosyl-D-arubino-hexulose phenylosotriazole], maltitol (III) (4-O-cr-D-gluco- 
pyranosyl-D-glucitol), maltobionic acid (IV) (q-0-a-D-glucopyranosyl-D-gluconic 
acid), maltose cyanohydrin (V) [5- O-a-D-glUCOpyranOSyl-D-glJ%?rU-D-g&(and D- 
ido)-heptononitrile], and maltose I-phenylflavazole (VI) [3-(I-O-a-D-glucopyranosyl-D- 
eryt/?ro-trihydroxypropyl)-I-phenylpyrazolo[3,4-b]quinoxaline]. 

The objective of preparing these derivatives was to introduce electron- 
withdrawing groups. The latter have, in generai, 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 I-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 (III) 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. 

EJLF’ERIMENTAC 

Maltose (I) 
Maltose was purified by peracetylation, recrystallization of the octaacetate, 

and deacetylation-r. Homogeneity of the preparation was established by paper 
chromatography. 

Maltitol (III) 
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 83-85O. 

Maltose plrenylosotriazole (II) 
Maltose phenylosazone was prepared by a standard procedures; yield 42%, 

m-p. 201-203~. A suspension of maltose phenylosazone (IO g) and copper(I1) 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. 3MM 
paper using an irrigant of IO:I:I v/v isopropyl alcohol-cone. 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 sir-up. 

Maltose cyanohydrin CV) 
The procedure used to prepare cyanohydrin derivatives of monosaccharides 

was applied to maltose 7~8. 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 IO days at a 
temperature of o-5” to ensure complete reaction. (Fehling test was negative). The 
solution was diluted and stirred several hours at o” 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 sir-up. 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 maitobionate was prepared by previously described proceduresgarO. 

Maltose I-pheny&lavazole ( VI) 
Maltose I-phenylflavazole was prepared by the standard procedurerl; yield 

33 %, m-p. ~63-265~. 

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

bionate in water, 0.8% solutions of II 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 I.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-rn,u (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 
celi jacketed at 80”. 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 r-cm cell was less than r 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. 
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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 = [r/t In 
(IL-Rm)/(&--R&l in which Ro, Rt, and FL are the specific optical rotations at the 
beginning, during, and-after completion of hydrolysis, respectively. 

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

2.303RTlTz 

Tz - Z 

Methanolysis of maltose I-phenylflavazole (VI) 
Substance VI was refiuxed for IOO h in methanol made N with respect to suIfuric 

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”. D-Glucose r-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 -& 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 oxidationra of D-glucose r-phenylflavazole (both before 

and after refluxing with acidic methanol) and of the flavazole product from the methanol- 
ysis of maltose I-phenylflavazole, yielded in each case 3-formyl-r-phenylpyrazolo- 
[3,4-blquinoxaline (I-phenylflavazolaldehyde); yield 88-95x; m-p. 144-147”, reported 
144”. (Ref. 14). 

RESULTS AND DISCUSSION 

Maltitol (III), maltobionic acid (IV), maltose cyanohydrin (V), and maltose 
r-phenylflavazole (VI) were prepared by standard procedures. Maltose phenyl- 
osotriazole (II) was isolated by a new procedure. The standard method16-18 involves 
heating the phenylosazone with copper(I1) sulfate followed by removal of excess 
copper(I1) 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(I1) 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 I, 
2, and 3. Figure I gives the first-order rates for hydrolysis at 80”. Here the 
r-phenyltlavazole (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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r-phenylflavazole (VI) undergoes hydrolysis much faster than the other compounds 
& -@. 

Nordin and French12 previously reported that the a-~-(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 roo” than bther a-D-(1+4) bonds 

TIME (HOURS) 

Fig. I. Hydmlysis rate curves at So”. 

V II VI I 
0.10 - 

0.09 - 

@.08 - 

0.07 - 

0 I 2 3 4 5 6 7 

TIME (HOURS) 

Fig. 2. Hydrolysis rate curves at 60”. 

and that acid hydrolytic conditions do not destroy I-phenylflavazoles12. Here also, 
the hydrolysis products from maltose r-phenylflavazole were shown to be D-glucose 
r-phenylfIavazoIe and D-glucose. This proves that the rotational change is not 
“anomalous “. 

The rate of hydrolysis is plotted against temperature in Fig. 4. The data have 

Carbohydrate Res., 2 (1966) p-79 



HYDROLYSIS OF MALTOSE AND DERIVATIVES 75 

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 OII), maltobionic 

acid (IV), and maltose cyanohydrin (V) all give molar activation-energies in the range 
30.0-33.0 kcal.mole-1, typical for glycosides (Table I). Maltose r-phenylflavazoie (VI) 

has a quite different molar activation-energy, in this case 13.2 kcal.mole-l. 

VI I1.V 1 111 IV 
0.010 

0.009 

0.008 

0.007 

aa cc* 0.006 

I I 

1:; 
e’ IG- 0.005 

0 004 
5 t-1 

0.009 

0.002 u / / 

0.001 

I t I I, 1 I I I1 t I I, 

O I 3 5 7 9 II 13 15 
TIME (HOURS) 

Fig. 3. Hydrolysis rate curves at 40”~ 

Fig. 4. Rate cersws temperature CUNCS 

10.0 L 

1.0 - 

0.1 - 
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5 1 I 

40 60 60 
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The I-phenylflavazole also has a strikingly different entropy of activation. 
Large negative.entropies of activation are normally found for A-z reactions involving 
attackbysolventontheprotonated intermediate 1s. Negative d S#values in A- I 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 stateso, 
but these have been found to be small negative values in the cases examined21. It 
is also possible that VI would undergo hydrolysis as does tert-butyl fi-D-glucopyrano- 
side, with alkyl carbon-glycosidic oxygen fission 2s, but this has been disproved by 
methanolysis of VI. Under. methanolysis conditions, the r-phenylilavazole VI would 
give D-glucose I-phenylflavazole if the usual glycosyl carbonium ion is formed, and 
4-O-methyl-D-glucose I-phenylflavazole if the aglycon carbonium ion is formed. 
The methanolysis product has been identified as D-glucose r-phenylflavazole, since 
periodate oxidation data eliminated 4-Gmethyl-D-glucose r-phenylflavazole as a 
product. Furthermore, the acid hydrolysis of tert-butyl and r,r-diethylpropyl B-D- 

glucopyranosides gives AS’ values of +II to 17 (Ref. 23). 
An A-2 mechanism for the hydrolysis of certain D-glucopyranosides was pro- 

posed by Bunnett24 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 onthe basis of the apparent generality of the A-I mechanism for hydrol- 
ysisrsof acetals. An A-2 mechanism has also been suggested for the hydrolysis of ethyl 
B-D-galactofuranoside by Overend and co-workers’s on the basis of its lowerdS# 
(-7.1 cal.mole-ldegree-l). Its molar energy of activation was also lower (22.7 kcal. 
mole-l), but neither of these values approaches those found for the I-phenylhavazole 
VI. 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-I mechanism, but we 
have no evidence what that mechanism might be or why this compound should 
undergo hydroIysis 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 caIculated 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 res-ults 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 atoml. The fact 
that the flavazole showed the most significant change in hydrolysis rate also cotirms 
the results of Timell*“, 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 (J&J-&)/(Rt---R,) ZY~CSUS time. By using the slope 
obtained, k (Table I), 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, ahhough~ the actual equations obtained from the computer 

TABLE I 

HYDROLYTIC RATE DATAa : 

Rate, k x 105 (sec.-l) El% AH+ AS+ 

Compound 40” 60” 80” (kcalmole-1) (kcal_moZe-1) (caZ.mofe-Idegree- 

I 0.0361 0.600 10.2 33.1 32-4 + 14.7 
II 0.0361 0.506 7.28 31.2 30.5 + 8.6 
III 0.0250 0.439 7-55 33-2 32-5 + 14-5 
IV 0.0222 o-369 6.00 32.6 31-9 + 12.1 
V 0.0417 o-550 7-34 30.3 29.6 + 6.2 

VI 0.308 0.892 2.58 12.4 11.7 - 46.7 

“In 0.998 N sulfuric acid. 

contained a y intercept. This deviation is attributed to errors in the determination of 
initial spectic optical rotation, which was determined by extrapolation of a plot 
of rotation uer.rus 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 soiutions of the derivatives with equal volumes of water instead of I.996 N 

sulfuric acid, so that rotations of the neutral solutions could be determined at 80” 
without hydrolysis. The resultant values, &,n20, are recorded in Table II along 

TABLE II 

INITIAL ROTATION VALUES 

Substance Ro. ca~c. Difference Ro, Hz0 

I 
II 
III 
IV 
V 
VI 

156” X4-5’ 
44-5” 45” 

1220 128’ 

92O 91” 
108” 92O 
1520 1510 

1.5’ 
0.5’ 
6” 
1” 

16” 
10 

161” 

50” 
127” 
1020 (Li-salt) 
116” 

77-S” 

with the values obtained by extrapolation, Ro,extmp. Since the equations for the rate 

curve obtained by the computer contained a y intercept term, indicating an error in 
the Ra value, a corrected Ro was calculated from the least-square equation by using a 
y intercept of zero. These values also appear in Table II as Ro,c~.. In most cases 
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there seems tti 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 &, agree in those cases which could be checked with the 

constants determined by the computer. 

The computer also provided the correlation coefficients for each curve 
(Table III). They indicate that a high degree of agreement exists between the points 
as determined experimentally and the resulta’nt least-square plot of the data. 

TABLE III 

CO&ELATION COEFJ3CIENTS 

Compound Temperature 

80” 60” 4o” 

I 0.9973 0.9618 0.8756 
II o-9981 o-9948 0.8869 
III o.995o o-9533 o-9331 
IV o.gg80 o.g1rg 0.8514 
V 0.9944 0.9851 o.g861 
VI o-9936 0.9990 o-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. 

The authors acknowledge the help of Mr. Dwight Fitzgerald who conducted the 
methanolysis experiment, and the Corn Industries Research Foundation for a grant 

supporting this work. _.. _.. ._ ___ 

SUMMARY 

Acid-catalyzed hydrolysis of maltitoi, 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 ro 15 caLmole-Idegree+) of activation. The hydrolysis of maltose I-phenyl- 
flavazole, however, had a much Iower molar activation energy (13.2 kcdl;mole-1) and 
a much more negative entropy of activation (-46.7 caLmole-ldegree-l). It is sug- 
gested that these differences are indicative of a different reaction mechanism for the 
hydrolysis of the latter compound. 

< 

Curboh_vdrate Res., 2 (rg66) 70-79 



HYDROLYSIS OF hf.ALTOSE AND DERIVATIVES 79 

REFERENCES 

I J. N. BEMILLER, Adoan. Carbohydrate Chem., 21 (x966) in press. 
2 Z. A. ROGOVIN, A. A. KONKIN, AND Yu. A. RY~~ASHEVSRAYA, Khim. Fiz. Khim. Vysokomolekul. 

Soedinenii, Dokiady ?-oi Konf: Vysokomolekul. Soedineniyam 1952; Chem. Abstr., 48 (1954) 44.49. 
3 R. W- JONES, R. J. DIMLER, AND C. E. Rrsr, J. Am. Chem. Sot., 77 (1955) x659. 
4 M. L. WOLFROhf AND A. THO.UPSON, Methods Carbohydrate Chem., I (x962) 344. 
5 M. ABDEL-AKHER,J. K.HAMILTON,AND F.Shrr-r~,J. AM. Chem.Soc,73 (Ig51)46gr. 
6 N. K. RICHTMYER, Methods Carbohydrate Chem., 2 (1963) 127. 
7 N. K. RICH-IXYER, Methods Carbohydrate Chem., I (1962) 161. 

8 W. E. MILITZER, Arch. Biochem. Biophys., 21 (1949) 143. 
g J. W. E. GLATI-FELD AND M. T. H&xE, J. Am. Chem. Sot., 40 (1918) 989. 
IO H. S. ISBELL AND R. SCHAFFER, U. S_Patent2,779,760(1957); Chem. Abstr., 51 (1957) 11379. 
II P. NORDIN, Metho& Carbohydrate Chem., 2 (1963) 136. 
12 P. NORDIN AND D. FRENCH, J. AM. Chem. Sot., 80 (1958) 1445. 
13 D.FRENcH,G. M.WILD.AND W.J.JONES,J. Am.Chem.Soc., 75(rg53)3664. 

14 H. OHLE AND G. A. MELKONIAN,&~.,~~(~~~~)Z~~. 
15 G.NEUMULLER, Arkiu Kemi, iUineraI_ Geol., A, 21 (Ig46)No. Ig_ 
16 A. THOMPSON AND M.L. WOLFROM, J. Am. Chem.Soc.,76(Ig54)5173. 
17 N. K. &cHThwER, Methods Carbohydrute Chem., 2 (1963) 132. 
18 H. EL KHADEM, Adcan. Carbohydrate Chem., 18 (1963) 105. 
Ig See, for example, L. L. SCHALEGER AND F. A. LONG, in V. Gold ted.), Aduances in Physical 

Organic Chemistry; Vol. I, Academic Press Inc., New York, N. Y., 1963, P-I_ 
20 F.A.LONG,J. G.PRIT~FL~RD, AND F. E. STAFFORD, J. Am. Chem., Sot., 7g (1957) 2362. 
21 S~~T.H.FI~ANDL.K.JAO, J. Org. Chem.,30(1g65) 1492. 
22 C.ARMOUR,C. A. BUNTON,~. PATAI,L.H.SELMAN, AND C.A.VERNON,J. Chem.Soc,(Ig61) 

412. 
23 T. E. TIMELL, Can. J. Chem., 42 (1964) 1456. 
24 J. F. Buxwa-r, J. Am. Chem. Sot., 83 (1961) 4978. 
25 W. G. OVEREND, C. W. REES, AND J. A. SEQUEIRA, J. Chem. SOL, (1962) 3429. 
26 T. E. TIMELL, Chem. Ind. (London), (1963) 1208. 

Carbohydrate Res., 2 (1966) 7o-7g 



80 

Notes 

Umwandlung von 1.2:5,6-Di-O-isopropyliden-3-desoxy-a-D-glucose- 
3-en in 1.2:5,6-Di-O-isopropyliden-a-D-galactofuranose durch selek- 
tive Hydroborierung 

Pie Hydroboriernng von Olefinen nach H. C. Brown1 erfolgt stets tuner cis- 
Addition entgegen der Markownikoff-Regel. Die oxydative Spahung der dabei 
gebildeten Diboran-Addukte verl%ft immer unter Retention zu den entsprechenden 
Alkoholen. Das Verfahren stellt somit eine Methode dar, in Olefinzucker selektiv 
Hydroxylgruppen einzufi.ihren. Die leicht zu@ngliche r&5,6-Di-O-isopropyliden-3 
desoxy-a-D-glucose-3-en(I)” reagiert glatt mit Diboran unter c&Addition an die 
Enol-Doppelbindung, wobei der Boranrest am C-3 eintritt. 

Von den beiden miiglichen Reaktionsprodukten ensteht nur das, bei dem die 
Addition von oben von der ungehinderten Seite des Furanoseringes erfolgt, wobei 
Derivate der Gcz!acro-Konfiguration entstehen. Die Reaktion entspricht der katalyti- 
schen Hydrierung van I, die pDesoxy-D-Galacro-Verbindungen liefertz. Der Angriff 

von unten ist durch den anellierten Filnfring der Isopropyliden-Acetal-Gruppe in I 
stark sterisch gehindert. r,2:5,6-Di-O-isopropyhden+D-glucofuranose mit gleichem 
Ringsystem zeigt eine entsprechende sterische Hinderung, denn am C-3 ist keine 
katalytische Oxydationa und keine nucleophile Substitution mit Azid durchfiihrba~_ 
Die oxydative Spaltung des Diboran-Adduktes von I hefert kristallisierte r,2:5,6-Di-O- 
isopropyliden-a-D-gaIactofuranose (II). Die Reaktion erlaubt somit eine Umwandlung 
von Glucofuranose-Derivaten in Galactofuranose-Derivate, welche auf anderem 
Wege nur schwierig zngiinglich sind. Lehmann5 hat gefunden, dass die gleiche 
zung zur Darstellung von am C-4 mit Tritium markierter Galactose benutzt 
kann. 

Umset- 
werden 

EXPJZRIMENTELLER TEIL 

I&-5,6-Di-O-isopropyliden-a-D-ga!actojkranose (II). Das nach Zinner2 dar- 
gestellte Zuckerolefin (I) musste znr Reinigung in PetrolHther geliist und die LGsung 
dreimalmit Wasser ausgeschiittelt werden. 3 g gereinigtes I wurde in g ml abs. Tetrahy- 
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drofuran gel&t und in die Liisung 2-3 Stdn. aus einem Diboran-Generator Diboran 
(Trggergas: getrockneter Stickstoff) eingeleitet. Diboran wurde aus 5.1 g BFs-iitherat 
in 36 ml Diglyme durch Eintropfen von 25 mMo1 NaBHa in 20 ml Diglyme entwickelt. 
Anschliessend wurde ilberschilssiges Diboran mit Wasser-Tetrahydrofuran zersetzt 
und unter Kiihlung g ml 2~ NaOH und 4 ml Hz02 (30%) zugefilgt. Die 
Losung wurde i. Vak. zur Trockne eingeengt, der Riickstand in 25 ml Wasser auf- 
genommen und viermal mit 25 ml &her extrahiert. Nach Einengen des &hers 
verbleibt 1.8 g chromatographisch reiner Sirup, welcher beim Stehen kristallisierte. 
Umkrista!lisation aus Cyclohexan gibt 0.8 g (25%) II, Smp.6 g7.5O-g8”, [Q]E -35.3” 
(c 0.8, Methanol). Dilnnschichtchromatographie im Laufmittel Benz01 : Iithanol 
(3: 1) f 3% Wasser. 

Anal. Ber. filr C1eH2eOa: C 55.39 H 7.69. Gef.: C 55.19 H 7.80. 
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On the association-dissociation of submaxillary mucin 

Weight-average molecular weights between 4 x 106 and 8 x 106 have been 
reported for submaxillary mucins 122. 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-chains 394. Since the protein content of mucins is in the range from 
37% [for bovine submaxillary mucins (BSM)] to 48% (for porcine submaxillary 
mucine), this would give a molecular weight of 1.5 x 10~ to 4 x IO* for the protein 
core. 
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Proteins of very hi& molecuIar 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 exis@. Urinary muco- 
proteins (mol. wt., 7 x 106) dissociate in urea to small subunits having molecular 
weights of 1.8 x 10s or less79s. 

Although BSM is polydisperse and contains1 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 preparationla 2,5 was chromatographed on Sephadex G-200 
(Pharmacia Lot No To-6471; particle size, 4o-120 p; water regain, 20 f 2 g) in 
aqueous 0.2~ sodium chloride and in 7~ urea containing 0.2~ 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 I % solution of BSM was placed on the 
column equilibrated with 0.2~ sodium chloride. The mucin was eluted with 0.2M 
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 9; sialic acid was thereby used to 
indicate the presence of the mucin. A mixture of a O-I-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 nyl. The chromatogram of BSM in 0.2~ aqueous sodium chloride 
(Fig. Ia) clearly shows the polydispersity of the BSM, as reported previouslyl. In 
order to obtain the void volume of the column, I ml of a I ok solution of dextran 
having a molecular weight of 2 x 106 (Pharmacia, FDR 922) was run on the same 
column under identical conditions. The eluted dextran was reacted with anthronelO, 
and the result is presented in Fig. ra. 

Similarly, 3 ml. of BSM and I ml of dextran (I % solutions) were chromato- 
graphed on Sephadex G-200 in 7~ urea and 0.2~ sodium chloride_ Theresults are given 
in Fig. Ib. 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 ml/h_ The 
detection, with Ehrlich’s reagent, of the sialic acid-containing material in the eluate 
was done at 625 m,u (rather than at 565 m,u 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 o. I-ml sample of the 
original BSM solution, 1.9 ml of urea solution, and 2 ml of Ehrlich’s reagent gave an 
optical density of 0.102 at 625 m,~c. 

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 1.14 times their original volume in 0.2~ sodium chloride. 

The results of chromatography 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 
phase of the BSM in aqueous medium was 0.19 and in 7~ urea was 0.23. These figures 
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Fig. I. Chromatography of BSM (x) and dextran (0) on Sephadex G-200 in O.ZM NaCl (a) and in 
7hr urea and 0.2hI NaCl (b). 

were calculated from the elution volumes (see ref. II) 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. Ako, the more pronounced shoulder in Fig. rb 
is explained by the change to a higher K arvalue 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 mucoproteins73*. 
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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 method+s, 
or give rise only to oligomers 536. 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 a-( r+5)-L-arabinofuranosidic linkages, obtained by the polymerisation 
of #?-L-arabinofuranose r,2,5-orthobenzoate (IV). 

The orthoester (IV) was synthesized as follows. Syrupy B-L-arabinofuranose 1,2- 

(methyl orthobenzoate) 3,5-dibenzoate (II), [c& + rg” (chloroform), ng 1.5610, 

was saponified to give p-L-arabinofuranose r,2-(methyl orthobenzoate) (III), which 
reacted spontaneously to afford compound (IV), m-p. 14%r4g”, [a]~ + 30~ (chloro- 
form) (Found: C, 61.3; H, 5.2; active H, 0.42. CiaHlaOs talc.: C, 61.0; H, 5.1; active 
H, 0.42%). Other tricyclic monosaccharide-orthoesters of type (IV) are known*Jg. 
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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 method+s, 
or give rise only to oligomers 536. 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 a-( r+5)-L-arabinofuranosidic linkages, obtained by the polymerisation 
of #?-L-arabinofuranose r,2,5-orthobenzoate (IV). 

The orthoester (IV) was synthesized as follows. Syrupy B-L-arabinofuranose 1,2- 

(methyl orthobenzoate) 3,5-dibenzoate (II), [c& + rg” (chloroform), ng 1.5610, 

was saponified to give p-L-arabinofuranose r,2-(methyl orthobenzoate) (III), which 
reacted spontaneously to afford compound (IV), m-p. 14%r4g”, [a]~ + 30~ (chloro- 
form) (Found: C, 61.3; H, 5.2; active H, 0.42. CiaHlaOs talc.: C, 61.0; H, 5.1; active 
H, 0.42%). Other tricyclic monosaccharide-orthoesters of type (IV) are known*Jg. 
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The polymerisation of the orthoester (IV) was performed analogously to the 
glycosylation of alcohols using sugar orthoesters7, i.e., in nitromethane with catalytic 
amounts of mercuric bromide.-Any residual orthoester-linkages present in the polymer 
were hydrolysed with 0.01~ sulphuric acid in aqueous acetone (20°, I h). The resulting, 
partially beuzoylated arabinan was saponified with sodium methoxide, and the crude 
polysaccharide was purified by gel-titration on Sephadex G-25. Elution with Rater 
gave, in the first fractions, the arabinan (I, 50%) as a colourless solid, [a]~ -91” 
(water). Natural arabinanls with a-L-arabinofuranosidic linkages has [a]n -I 14O, 
so that the optical rotation of the arabinan (I) indicates a-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 0.1~ sulphuric acid (IOOO, 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 145 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-O-benzoyl derivative of compound (IV). 

Institute for Chemistry of Natural Products, 
Academy of Sciences of U.S.S.R., Moscozu (U.S.S.R.) 

N. K. KOC~KOV 
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The reaction of 0-benzylidene sugars with N-bromosuccinimide 

1. Methyl 4,6-0-benzylidenehexopyranosides 

This communication reports a novel ring-opening of benzyIidene ace&& of 
sugars under the influence of N-bromosuccinimide (II), which affords, in the case of 
the 4,6-0-benzylidene derivatives, the corresponding 6-bromo 4-benzoates in high 
yield. 

II 

OMe 
m 

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 refiux temperature a solution 
of the 0-benzylidene derivative (I mole) and II (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 4,6-0-benzylidene-a-D-galactopyranosidel (I) afforded 
methyl 4-O-benzoyl-6-bromo-6-deoxy-a-~-gaIactopyranoside (III) as a colorless 
solid, []‘,s f 156” (c 0.56, methanol), in over go% yield. The Iatter was converted 
by catalytic debenzoylation into the crystalline methyl 6-bromo-6-deoxy-a-D- 

*The reaction products were investigated by t.1.c. (silica gel) by using the solvent system ZO:I 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. x74-175”; [a] k6 _t 157” (c 0.5, water) in 82% yield, and ultim- 
ately into methyl 6-deoxy-a-D-galactopyranoside. The versatility of such intermediates 
as III was also demonstrated by conversion of III into crystalline methyl 6-azido-6- 
deoxy-a-D-galactopyranoside2 by debenzoylation followed by treatment with sodium 
azide in N,iV-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 

I- -UI 

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-gittco 
analog5 of I. The major product was crystalline methyl 4-0-benzoyl-6-bromo-6- 
deoxy-a-D-glucopyranoside, m-p. 115-116~; [a]: + 89” (c 0,52, methanol) which 
was converted into crystalline methyl 6-bromo-6-deoxy-a-D-glucopyranoside, m.p. 
126-127”; [a]g5 + 137” (c 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-q,6-O-benzylidene-2-deoxy-3-O-methyl-a-D- 
glucopyranoside hydrates (VI) (Calc. HzO, 5.32; found, 4.97) was treated with II 
intetrachloroethane at 8$‘, the only products formed, in approximately equal amounts, 
were methyl 2-acetamido-4-O-benzoyl-6-bromo-2,6-dideoxy-3-O-methyl-a-D-gluco- 
pyranoside (VII), [a]L5 + 38” (c 0.523, chloroform)***, and crystalline methyl 2- 
acetamido-4-O-benzoyl-2-deoxy-3-O-methyl-a-D-glucopyranoside7 (VIII), m.p. 155- 
157"; [a]k5 f 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 Joncich3 
who demonstrated the formation of ethyl benzoate. More recently, the reaction has been reported 
with 0-benzylidene-r.%cyclohexanediol4. 
**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 
ter;dency to form a gel. The product, although chromatographically homogeneous and analytically 
pure, does not have a characteristic melting point, m.p. CCI. 95”. It is soluble in ether. 
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data and by its conversion into the known debenzoylated.prodt&, m.p. 208-210°, 
and ;Jlto the known &dibenzoate7, m.p. 120-122~. The hydroxyl iojd resulting from 
the water of hydration apparently competes with bromide ion in the attack on the 
intermediate cyclic ion, thus forming compound VIII*. 

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 dials 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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*When a sampIe of VI was dried for 2 h at 150’ under vacuum, and subsequently treated with II, 
the preponderant product was VII. Compound VIII was still formed, presumably due to traces of 
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Carbohydrate Res., 2 (1966) 86-88 



Carbohydrate Research 
Elstvk Publishing Comp;my. Amsterdam 
Printed in Belgium 

89 

Mass spectrometry of hexosamines 

A new approach to the identification of partially methylated monosaccharide+, 
developed in this laboratory, was applied recently to different types of neutral mono- 
saccharide3s3. 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 z-acetamido-2-deoxy-3,4,6-t& 
O-methyl-a-D-glucopynoside (I) and its deuterated analogues, having CD3 groups 
in the 3- (II), 4,6- (III), and r,3,4,6-positions. 

I R1 = R3 = R3 = Ra = CH3 

u%m-l2 

0 

II RI= R3 = R4 = CH3; R3 = CD3 

OR2 
R30 

III R1 = R2 = CH3; R3 = R4 = CD3 
OR’ 

NHAc IV RI= R3 = R3 = Rj = CD3 

Compounds II-IV were prepared from the corresponding, partially methylated 
iV-acetyl-D-glucosamine derivatives by methylation with CD3T, according to Kuhn’s 
procedure4. The physical constants were in agreement with those reported3 for 
compound (I). The mass spectra were measured by means of an MX-1303 mass 
spectrometer (temperature of inlet system, 2oo”; ionizing potentiai, 70 eV). The data* 
on compounds fl)-(IV), treated as described333 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 change3 the fragmentation pattern. 

A, m/e 246 A, m/e 214 A3 m/e 182 A; m/e 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-a-D-glucopyranosides, resulting in appearance of most of the 
series of peak@ observed in the mass spectra of the neutral monosaccharides. 

A-s&es. The ions having m/e 246 (AX), 214 (A& 182 (Aa), and 140 (a 
belong to this series. The last ion arises by loss of ketene from the As-ion. Such a 
process is characteristic for N- and 0-acetylated compoundss. 

B-saYe.s. This consists of two ions, Bl(m/e 203) and Bs(m/e 172); Bs arises by loss 
of CHsQ. from B1: 

0-3 

cl 
CIi-,O-&i-CH-CH-CH&C&_ ._ 

I 

C&O-CH=CH-CH-CH=&H~ 

NHCOCH, 
I 
NHCOCHs 

&.mje 203 &.,m/e 172 

The Bl peak (m/e 203) is more intensive than As (m/e 214), so that the rule established 
for permethylated methyl hexopyranosides7 is invalid in the case of methyl hexo- 
saminides. 

C-series. The formation of the parent ion [Cs (m/e 185)] of this series from amino 
sugars differs from that of neutral monosaccharides_ In the former case, methanol is 
Iost instead of a CHsO’-radical. This process is followed by the expulsion of ketene 
and then of a ‘CHzOCH,-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. 

MeOCH2 

MeoLJH-A= @I:” MeodJ 

(I+‘, m\e 185 (C,2f, m/e 143 t&: m/e 98 

E-series. The ions having m/e 232 (El),.200 (Ez), 168 (E3), 126 (Ei), and 138 (E4) 
beiong to this series. Loss of the CHsO-group from C-4 (cf- the loss of theCHsO- 
group from C-3 for neutral methyl hexopyranosidess-a), 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 (Ff, Gi, G$ and m/e I 15 
(Hi, Hg) 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 (talc. 46.3) corres- 
ponds to this transformation. 

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

$=J - q 
Me0 NHPc NH&z . 

Et. m/e 232 E2. m/e 200 

/ 

Ejrmle 166 E.+,mle 130 

Me0 NH 

E;.mle 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 

_ 
W-,0-CH,- CH=&l 

mje 115, Hi OI- H: 

TABLE I 

m/e 73, (Hi 1’ or (Hf)’ 

MASS SPECTRA OF hlETHYL ~-AC~A~~IDO-~-DEOXY-~,~,~~RI-O-;METHYLU-D-GLUCOPYRANOSIDE (n 

AND ITS DEUTERATED ANALOGUESa 

Position of CDs groups 

I 3 4 6 3-4 336 496 

246 249 

232 235 

214 214 

203 206 

172 172 

168 171 

128 128 (79) 

131 (21) 

II.5 115 (17) 

118 (83) 

101 IOI (62) 

104 (38) 

88 91 

75 78 
73 73 (24) 

76 (76) 

249 
235 

217 

206 

175 

168 

128 (21) 

131 (79) 

II5 

101 (38) 

104 (62) 

91 

75 

73 (93) 

76( 7) 

249 252 

232 238 

217 217 

203 209 

172 I75 

168 171 

I28 131 

5 

11.5 115 (17) 

118 (83) 

ID4 (62) 

107 (38) 

94 

78 

73 (17) 

76 (83) 

101 (38) 

104 (62) 

88 

75 

73 

252 

235 

217 

206 

I72 

I71 

128 (79) 

I31 (21) 

115 (17) 

118 (83) 

104 

91 
78 

73 (24) 

76 (76) 

252 

235 

220 

206 

I75 

168 

128 (21) 

131 (79) 

115 

ID4 (38) 

107 (62) 

91 

75 

73 (93) 

76( 7) 

am/e-values; in parentheses, relative intensities. 
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mass spectrum. Thus, the new approach to identification of .partially methylated 
monosaccharide9 can be applied to derivatives of N-acetyk-glucosamine and, 
bearing in mind the close similarity of fragmentation patterns of monosaccharides of 
the same type, to those of other hexosamines. 

Zktitute for Chemistry of Natural Products, 

Academy of Sciences of U.S.S.R., Moscow 18 (U.S. S. R.) 
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~KAkE DEGRADATION OF 6-TI&O DERfVATkES OF -. 
D-GLUCCW? AND’ D-GALACTOSE* 

ROY L. WHIGERAND PA&A. S&I 

Detiarrment of .Biochemistry, Purdue University, Lafayette, Indianai(U. S. A.) 

(Received December zrst,irg65) : 

There is good evidencel=z that the conversion of phenyl fl-D-ghicopyranoside 
into r,6-anhydro-b-D-glucopyranose by hot alkali involves the reactive, intermediate 
1,2-anhydro-a-D-glucopyranose. A similar intermediate is probably involved in the 
conversion3 of phenyl /?-D-gaiactopyranoside into I&-anhydro-/?-D-galtictopyranose. 

Neighboring-group participationby an oxy anion on C-2 is sterically.unfavorable 
in phenyl or-D-glucopyranoside and phenil a-D-galactopyranoside, as, for both, the 
hydroxyl group on C-2 is cis to the phenoxy group on C-I. Thus, phenyl U-D-gluco- 
pyranoside is stable in hot aqueous alkali whereas the D-galactose derivative is slowly 
converted by alkali into I,&anhydro-B-D-galactopyranoses. It has been postulated495 
that the formation of I,&anhydro-B-D-galactopyranose fromphenyl cr-D-galactopyran- 
oside involves direct participation of the oxygen atom on C-6. Replace- 
ment of the oxygen atom on C-6 with sulfur as the nucleophile might be 
expected to enhance697 the direct displacement of the a-D anomeric group 
in a D-glucopyranose or D-galactopyranose derivative, and to yield an analog 
of I ,6-anbydro-@@ucopyranose or 1,6-anhydro-/?-D-galactopyranose wherein 
a sulfur atom replaces the oxygen atom in the r,6-anhydro ring. For thrs 
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-cr-D-glucopyranoside (11) was pre- 
pared by a modifications of an earlier9 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-B-D-glucopyranose. 
Visual observation on thin-layer chromatograms showed that conversion into 
glycoside was complete in 2 h with the formation of a I:I mixture of phenyl OL- and 
B-D-glucosides. The Z-D anomer crystallized from the reaction mixture in 48 ok yield. 
By useof thesame technique, 1,2,3,4-tetra-O-acetyl-6-S-acetyl-6-thio-~-D-galactopyran- 
ose also gave, after 6 h, an equimolar mixture of phenyl 2,3,4-tri-O-acetyl-6&acetyl- 
6-thio-a- and B-D-galactosides, but neither anomer crystallized until the reaction 
mixture had been separated by preparative, thin-layer chromatography. 

Fusion of r,2,3,4-tetra-O-acetyl-6-S-acetyl-6-thio-B_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-cD-glucopyranoside (III). Instead a large propor- 

*Journal paper No. 2674 of the Purdue Agicultural Experiment Station, 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-tolylsulfonyloxy group from p-nitrophenyl 2,3,4-tri-O-acetyM-O- 
Cp-tolylsulfonyl)-a-D-glucopyranoside, which was obtained in 36% yield by the Helferich 
reaction~on1,2,3,~-tetra-O-acetyl-6-U-(p-tolylsulfonyl)-~-D-glucopyranose.Anattempt 
to prepare 2,+dinitrophenyl 2,3,4-tri-O-acetyl-6-S-acetyl-6-thio-a-D-glucopyranoside 
from the B-D anomer (V), using an anomerization reaction described by Lindbergla, 
was unsuccessful. The reaction gave a brown tar that resisted attempts at crystalliza- 
tion. 

Synthesis of the aryl 2,3,4-t~-O-acetyl-6-S-acetyl-6-thio-~-o-glucopyranosides 
was accomplished by one of several techniques. The p-nitrophenyl glycoside (VII) was 
obtained in 27% yield by treatment11 of silver p-nitrophenoxide with 2,3,4&i-O- 
acetyl-6-S-acetyl-6-thio-a-D-glucopyranosyl bromide. A modification12 of the classical 
synthesis of aryl p-D-glucosides gave a 17% conversion into 2,+dinitrophenyl2,3,+tri- 
0-acetyl-6-S-acetyl-6-thio+D-glucopyranoside (V). 

Although phenyl 2,3,4-tri-O-acetyl-6-S-acetyl-6-thio-B_D-glucopyranoside (VI) 
could be prepared by the Helferich reactions on 1,2,3,4-tetra-0-acetyl-6-S-acetyl-6- 
thio-@-D-glucopyranose, VI was obtained in higher yield by thiolacetate displacement 
from phenyl 2,3,~-tri-O-acetyl-6-U-(p-tolylsulfonyl)-~-D-glucopyranoside. The latter 
compound was isolated from the reaction of molten phenol with r,2,3,4-tetra-O- 
acetyl-6-G(p-tolylsulfonyl)-B-D-glucopyranose when p-toluenesulfonic acid or zinc 
chIoride was used as catalyst (yield, 6g and 76%, 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)-~-D-glucopyranoside, which is 
formed f&t, is difficult to anomerize, and the kinetically controlled product was 
isolated, instead of the thermodynamically more-stable a-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-0-acetyl-6- 0-(p- 
tolylsulfonyl)-a-D-glucopyranoside crystallized (yield, 57 %). 

Alkaline degradation of phenyl and p-nitrophenyl 6-S-acetyl-6-thio-B-D- 
glucopyranosides (VI and VII) gave, as expected, I ,6-anhydro-6-thio+D-glucopyranose 
(VIII) in 73 and 56% yield, respectively (see Table I). Presumably, formation of the 
I,6-anhydro ring proceeds by way of the r,z-anhydro intermediate (B), as shown in 
Scheme I. The overall conversion of D-glucose into VIII by utilizing the degradation 
of phenyl 6-thio-P-D-glucopyranoside was 9.2%. By an independent method, Akagi 
and co-workersI reported an 8.5% 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 values13. 

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 r&anhydro derivative is only slightly degraded when treated 
for g6 h with hot alkali. 

TABLE I 

SUMh¶ARY OF IUIACRONS OF D-GLUCOSE AND D-GALACTOSE DERIVATIvESa IN ALKALI 

Compounda of m-p-9 [a]:, degrees Reaction 
“C (C-I, CHCl3) timeb, Jr 

Yield of 
1,6-anlrydro 
derivative, % 

Phenyl B-D-glucopyranoside w-98 
Phenyl B-D-galactopyranoside 110 
p-Nitrophenyl p-D-glucopyranoside 169-170 
2,4_Dinitrophenyl /?-D-glucopyranoside 180-182 
Phenyl a-D-glucopyranoside 128 
Phenyl a-D-galactopyranoside 84-85 
p-Nitrophenyl a-D-glucopyranoside 136-137 
a-n-Glucopyranosyl bromide? 101-102 

a-D-Glucopyranosyl fluoride 133-134 
a-D-Galactopyranosyl bromide syrup 

- 10.3 
+ 47.x 
- IO.9 
+ 61.0 
f161 
f242 
+23o 
+I82 

f126 
+I97 

7 73 
6 70 
5 56 
0.5 - 

96 - 
I24 - 

18 - 

o-5 55 
30 - 

o-5 35 

aAll of the compounds have z,3,4-tri-O-acetyl-6-S-acetyi-6-thio substituents. 
aReaction at Ioo” in 1-3 N potassium hydroxide containing 33.3% of 2-methoxyethanol. 
=All reactions of glycosyl halides were conducted at 25”. 

SCHEME I 
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2,3,4-Tri-O-acetyl-6-S-acetyl-6-thio-cr-D-glucopyranosyl bromide (I) underwent 
rapid reaction at room temperature in alkaline solution to produce VIII in 55% 
yield, whereas tetra- O-acetyl-a-D:glucopyranosyl bromide gave an I 8 % yield of 
r,6+mhydro-&D-ghicopyranose. The higher yield of VIII is best explained by a 

solvolysis reaction at C-I, with the formation of a reactive intermediate (A) in a 
half-chair conformation(see SchemeI). Solvolysis of tetra-O-acetyl-a-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-I carbonium ion, does not participate 
as well as the larger and more polarizable sulfur anion. It is conceivable, then, that 
ana-Uanomericsubstituent such as bromide, incontrastto phenoxy andp-nitrophenoxy, 
leads to r,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. 

IntramolecuIar disp!acement of the bromide ion by the sulfur anion, to formVIII, 
probably does not occur, since VIII is not obtained in the alkaline treatment of IV. 
Although displacement7 of fluoride ion by a sulfur nucleophile occurs at a rate higher 
than that for displacement of bromide ion, solvolysis of cr-D-glucopyranosyl lluoride 
is much slower14> l5 than solvolysis of tetra-O-acetyl-a-D-glucopyranosyl bromide. 
If the group on C- I is displaced, it follows that IV 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-a-D- 
glucopyranosyl fluoride is consumed after 30 h, with the production of a compound 
(Rc 0.62) that gave a reducing-sugar test with p-anisidine hydrochloride spray reagent, 
and no thio1 activity with tetrazoiium spray reagent. 

Although phenyl a-D-galactopyranoside is slowly converted3 by hot -alkali into 
I ,6-anhydro-/?-D-galactopyranose, phenyl 2,3,4-tri-O-acetyl-6-S-acetyl-6-thio-a-D- 
galactopyranoside was degraded in 124 h with the formation of many unidentified 
compounds that reduced silver nitrate spray on paper chromatograms. r,6-Anhyclro- 
6-ihio$-D-galactopyranose was formed in alkali from phenyl 2,3,4-tri-U-acetyl-6-S- 
acetyl-6-thio-B-D-galactopyranose and also from 2,3,4-tri-U-acetyl-6-S-acetyl-6-thio- 
a-D-galactopyranosyl bromide (see Table I). Synthesis of the 1,6-anhydro+-gal&tose 
derivative was confirmed by isolation of the same compound from the reaction of 
2,3,4-tri-O-acetyl-Q0-(p-~olylsulfonyl)-~-~-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 25O 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 solutionrs; B, a 0.5% 
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zations from ethanol at room temperature, pure material was obtained; Iong needles, 
m-p. 133-134°, [I%&! +126O (C 1.0, chloroform). Calculations according t0 Hudson’s 
rules of isorotation give, for the a-~ anomer [a]n +ILO~, and for the B-D anomer, 
k+ -l-73’- 

Anal. Cak. for CI&lIsFOsS : C,45.8g; H,5.23; F, 5.18; S, 8.75. Found: C, 45.86; 
H, 5.33; F, 5.00; S, 8.76. 

pNitropheny1 2,3,4-tri-O-acetyf-6-S-acetyl-6-thio-eD-glucopyranoside (III) 
To IO g of 1,2,3,4-tetra-O-acetyl-6-O-(p-tolylsulfonyl)-8-D-glucopyranose were 

added IO g of p-nitrophenol and 0.4 g of zinc chloride dissolved in 5 ml of a 5% 
solution of acetic anhydride in acetic acid. The mixture was heated for IO 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:r (v/v) ethanol-acetone gave pure III, m.p. 178”, [cz]$’ $-173O (c 1.04, 
chloroform). 

Anal. Calc. for CXHZSNO~SS: C, 51-65; H, 4.68; S, 5.51. Found: C,5I.Sg; 
H, 4-99; S, 5.69. 

p-Nitrophenyl 2,~,4-tri-O-acetyl-6-O-(p-tolylsulfonyl)-c-D-glucopyranoside was 
converted into III by refluxing in acetone with potassium thiolacetate for 14 h. 
CryStalhzatiOn from ethanol gave pure material, m-p. 136137O, [z]E f230° (C 1.1, 
chloroform). 

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

PhenyZ z&f-tri-0-acetyi-6-thio-/T-D-glucopyranoside (VI) 
r,2,3,4-Tetra-O-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 I 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- 0-acetyl-6- 0-(p- 
tolylsulfonyl)-p-D-glucopyranoside, m.p. 158-160”, [& -2g.o” (c 3.8, chloroform). 
The same glycoside was prepared in 76% yield by a melt reaction catalyzed by zinc 
chloride (r-3 g), by using 5 g of I.2,3,4-tetra-O-acetyl-6-O-(p-tolylsulfonyl)-/?-o- 
glucopyranose in IO g of phenol and heating for I h at 100~. Helferich and Strauss20 
p-toluenesulfonated phenyl B-D-glucopyranoside and acetylated the product, to obtain 
phenyl 2,3,4-tri-O-acetyl-6-O-(p-tolylsulfonyl)-8-D-gIucopyranoside, m-p. 161-162’, 
[cc]~ -26O (chloroform). 

Thiolacetate displacement with phenyl 2,3,4-tri-0-acetyl-6-O-(p-tolylsulfonyl)- 
p-D-glucopyranoside gave a 65 % conversion into VI. Compound VI was also obtained 
in 40% yield when I,2,3,4-tetra-O-acetyi-6-S-acetyl-6-thio-8_D-glucopyranose was 
fused with phenol, usingp-toluenesulfonic 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. 
w-98”, C&f -10.3 (c 1.0, chloroform). 

Anal. Calc. for C2eH&&: C, 54.53; H, 5.49; S, 7.28. Found: C, 54.60; H, 5.73; 

S, 7-49. 

p-Nitrophenyl and a,~-dfnitrophenyl2,~,~-tri-O-acety~-6-S-acetyl-6-thio-8_- 
osides (VII and V) 

In an adaptation of the procedure described by Goebel and Averylr, 2 g of 
2,3,4-tri-O-acetyl-6-S-acetyl-6-thio-n-~-glucopyranosyl bromideI (I) dissolved in 
aoml of p-xylene was added to 0.78 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 3o-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 ethanol 
gave pure VII, m-p. r69-170”, [c& ----~o.g~ (c 1.0, chloroform). 

Anal. Calc. for CseHzsNOuS: 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-U-acetyl-QS-acetyl-6-thio-/l-D-glucopyranoside (V) 
was prepared according to the general procedure describedbyMosettigandassociatesl2. 
A mixture of 12 g of I, 6.3 g of 2,4-dinitrophenol, and 6.3 g of potassium carbonate in 
150 ml of acetone was refluxed for 20 h. After the mixture had been cooled, IOO 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:r (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 fromethanol gave pure material; m.p. 180-182”, [a]g f6r” (c I. I, chloroform). 

Anal. Calc. for CeoHaaNaO& C, 45.20; H, d-17; s, 6.04. Found: C, 45.20; 
H, 4.48; S, 6.18. 

Phenyl _q,&tri-0-acetyl-6-S-acetyl-6-thio-a and j?-D-galactopyranosides 
Acetolysis, using the method of Reist et al 21 of r ,2:3,4-di- 0-isopropylidene-6- O- 

(p-tolylsulfonyl)-E-r-D-galactopyranose gave only r,2,3,4-tetra-0-acetyl-6-O-(p-tolyl- 
suIfonyl)-r-D-galactopyranose2a, in 17% yield. This compound was treated with 
sodium iodide in acetone solution for 12 h at I IO”. r,a,3,4-Tetra-O-acetyl-6-deoxy-6- 
iodo-a-D-galactopyranose was formed: it was crystallized from ethanol; m-p. r38-r3g”, 
[cY]~ + I 14~ (c I -5, chloroform); lit23 m.p. 107O, [c& + 70.2 (c. 0.94, chloroform). 

Anal. Calc. for C14HlaIOs: C, 36.69; H, 4.18; I, 27-69. Found: C, 36.97; H, 4.38; 
1, 27.35. 

I ,2,3,4-Tetra- O-acetyl-6-deoxy-6-iodo-cr-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. 113O, [3c]g +130° (c 1.03, chloroform). 
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Anal. Calc. for C!ISHE.OIOS: C,47.28; H,5.46; S, 7.89. Found: C, 47.30; H, 5.50; 

S, 7.71. 
In an attempt to prepare the anomeric phenyl glycosides from I&3,4-tetra-O- 

acetyl-6-S-acetyl-6-tbio-a-D-galactopyranose by the Helferich techniqueg, thin-layer 
chromatography showed that the a-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-U-acetyl-6-O-(p-tolylsulfonyl)-8_D-galactopyranose~~ 
was converted, as described above, into I,2,3,4-tetra-U-acetyl-6-deoxy-6-iodo-B-D- 
gaiactopyranose, m.p. 116-118O, [a]g -!-~4.0~ cc 1.0, chloroform), lit.23 m-p. 113-114O, 
[cc]: + 10.4” (c o-96, chloroform). Displacement with thiolacetate anion gave r&3,4- 
tetra-O-acetyI-6-Sacetyl-6-thio-8_D-galactopqr m-p. 157-r58”, [cc]2 f58.5O 
(c 1.2, chloroform). 

Anal. Calc. for C~SHZO~OS: C, 47.28; H, 5.46; S, 7.89. Found: C, 47.21; i-I, 5.32; 

S, 7.90. 
I,2,3,4-Tetra-O-acetyl-6-S-acetyl-6-thio-B-D-galactopyranose (4-57 g) with IO g 

of phenol was fused at roo”, 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-tbio-a-D-galactopyranoside had m-p. 84-85O, [a]g +-242O cc 1.0, chloroform), 
and the #?-D anomer had m.p. IIOO and [~]g f47.r” (c 1.0, chloroform). 

Anal. Calc. for C~oH2405S: C, 54.53; H, 5.49; S, 7.28. Found for the a-D-anomer: 
C, 54.46; H, 5.38; S, 7.04. Found for the B-D 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 I .o ml of 2-methoxyethano!, and 
2.0 ml of r-95 N potassium hydroxide was added. The gaseous oxygen in the a-methoxy- 
ethanol, and in the potassium hydroxide solutions, had been previously displaced by 
passing oxygen-free nitrogen through each solution for z h. The tube was heated at 
IOO’, and aliquots of the reaction mixture were taken periodically, neutralized with 
acetic acid, and examined by paper chromatography, using sprays A and B. After 
7 h, all of the aryl 6-thio-B-D-glucoside had been consumed, and this reaction time 
was used, in a separate experiment, in determining the yield of r,6-anhydro derivative. 
Compound VI (I g) was treated with IO ml of 2-methoxyethanol and 20 ml of I.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 IO ml of pyridine. After being kept overnight, the mixture was 
poured onto 20 ml of ice water. After I h, the solution was extracted with chloroform, 
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-S IO, [CY~ -55.0” (c 1.3, chloroform); lit-l2 m.p. g3-g4O, 
Cc&? -25.2O (c 1.1, chloroform)_ Deacetylation of IX with sodium in methanol gave 
VIII, m-p. ISo”, [~g -54.0” (c 1.0, water); lit.13, m-p. 180”, [& -5-1” (c 0.8, water). 
The preparation of VIII and IX was also performed as described by Akagi and co- 
worker@, 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 25O. Compound I 
was treated (IO% concentration) with 1.3 N potassium hydroxide containing 33.3% of 
2-methoxyethanol; or (20% 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-a-o-glucopyranosyl bromide was treated in a similar way in potassium 
hydroxide solution, 2,3,4-tri-U-acetyl-r,6-anhydro-cc-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 I,6-anhydro-p--o-glucopyranose with a recording densitometer, the 
proportion of z,6-anhydro$-D-glucopyranose in the reaction mixture was found 
to be 18%. 

2,3,4-Tri-O-acetyl-6-S-acetyl-6-thio-ar-D-glucopyrosyl 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 (RG 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-cr-o-glucopyranosyl 
fluoride with base, under the same conditions as had been used for compound IV, 
was complete in 24 h, and gave only a trace of 1,6-anhydro-B-D-glucopyranose as 
evidenced by visual observation on a paper chromatogram. D-Glucose was the 
only other product. 

2,3,4-Tri-O-acetyl-6-9acetyl-6-thio-cr-D-galactopyranosyl bromide was prepared 
by the action of 35% hydrogen bromide in acetic acid on 1,2,3,4-tetra-O-acetyl-6-S- 
acetyl-6-thio-cr(or /?)-D-galactopyranose. The product, which contained bromine, 
was homogeneous, as shown by thin-layer chromatography, but all attempts at 
crystallization failed. Therefore, the syrup, [oc]“D” f1g7” (c 1.1, chloroform), was 
immediately treated, as before, with potassium hydroxide solution. Following 
acetylation, 2,3,4-tri-O-acetyl-r,6-anhydro-6-thio-8-D-galactopyranose was isolated, 
m.p. IA-127O, [a]2 +33.8” (c 1.0, chloroform). 

Anal. cdc. for Cl&h&S: 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 givepure I,6-anhydro-Qthio- 
/?-D-galactopyranose, m-p. 230-232O (dec., in a sealed tube heated in an oil bath), 

[a]: +41.7” (C 1.0, Water). 
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Anal. Calc. for GHloO&:‘C, 40.44; H, 5.66; S, 17.99. Found: C, 40.40; H, 5:70; 
S, 18.2. 

Alternative preparation of r,6-anhydro-tSthio+D-galactopyranose 
r,2,3,4-Tetra-O-acetyl-O-O-(p-tolylsulfonyl)-a-~g~actopyranose 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)-or-D-galactopyranosyl bromide; this was recrystal- 
lized twice from r:g (v/v) absolute chloroform-isopropyl ether, m.p. 143-145~, [& 

+ 189 (c 1.1, chloroform). 

Anal. Calc. for ClsH~BrOloS: 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-U-acetyl-BO-@-tolylsulfonyl)-cD-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 naterial, 
m.p. 133-134”, [cc]~ fI7.9” (c 1.0, ChlOrOfOrm). 

Anal. Calc. for C22H23011S3: C, 46.79; H, 5.00; S, 17.04. Found: C, 46.76; 
H, 5.29; S, 17.29. 

2,3,4-Tri-O-acetyl-6-O-(p-tolylsulfonyl)-8_D-galactopyranosyl ethylxanthate (I .5 
g) was dissolved in 20 ml of methanol containing 0.3 g of sodium. After 24 h at 29, the 
mixture was neutralized with acetic acid and evaporated to dryness. After acetylation 
in the usual manner, 2,3,4-tri-U-acetyl-r,6-anhydro-6-thio-~-D-galactopyranose 
(0.42 g, 52%) was obtained by crystallization from ethanol; m.p. and mixed m-p. 
with the compound obtained by alkaline degradation of phenyl2,3,4-tri-0-acetyl-6-S- 
acetyl-6-thio-$-D-galactopyranoside was 126-127O, [ct]g +34-o (c 1.0, chloroform). 
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SUMMARY 

Phenyl 2,3,4-tri-U-acetyl-6-S-acetyl-S-thio-~-D-glucopyranoside and phenyl 
2,3,4-tri-O-acetyl-6-S-acetyl-6-thio-8-D-galactopyranoside react with hot alkali to 
give approximately 70% conversions into r,6-anhydro-6-thio-/?-D-glucopyranose 
(VIII) and r,6-anhydro-6-thio+?-D-galactopyranose, respectively. The corresponding 
CY-D anomers are also decomposed in alkali, but without the formation of the corres- 
ponding r,6-anhydro sugars. 2,3,4-Tri-O-acetyl-6-S-acetyl-6-tbio-cr-D-glucopyrl 
bromide was converted into compound VIII by alkaline solution, presumably by 
solvolysis, with participation bjr the sulfur anion on C-6. 
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INTRODUCTION 

Lathe and Ruthven”; and Andrews and Robertss, have suggested the possibility 
of applying molecular-sieve chromatography (gel ‘Wtration”) to molecular-weight 
estimations on polysaccharides. Some of the experiments described in this paper on 
the application of this technique to Acacia senegaZ gum have been reported in a 
preliminary communication4. 

MATEFUALS AND METHODS 

The nodules of A. Senegal (syn. uerek) 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 IO$, and ash by heating (mtie furnace) to constant weight at 
550”. 

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

viscometer at 29 (flow time for M sodium chloride, 189.9 set). 

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

decarboxylation with hydriodic acids. 

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

*For Part XIV see ref. I. 
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Polysaccharide hydrolyses :. 

Polysaccharides were hydrolysed with N sulphuric acid for 7 h at IO@. These 
conditions do not cause any extensive. hydrolysis ‘of the. uranic acid linkages in 
A.senegaZ gum; thiswas taken into account when determimngproportions of galactose. 
Hydrolysates were neutralised with barium carbonate, filtered, treated with Amberlite 
resin IR-120 @I+ form) and concentrated at cd. 35” on a r&uy evaporator. 

Sugar ratios 
These were determined by chromatographic separation on Whatman 3MM 

paper, followed by elution and calorimetric estimation by the phenol-sulphuric acid 
methods. After periodate oxidation, rhamnose was also determined, as acetaldehyde, 
by a vapour-phase, i-r. method7. Sugar compositions were calculated.as anhydro-sugar 
residues. 

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

using excess of sodium metaperiodate. Formic acid was estimated potentiometrically*. 
Formaldehyde was estimated calorimetrically with chromotropic acidg. 

Paper chromatography of sugars 

Whatman No. I and 3MM papers were used with the following solvent systems 
(v/v): (a) benzene-butan-I-ol-pyridine-water (1:5:3:3, upper layer); (b) ethyl acetate- 
acetic acid-formic acid-water (18:3:1:4); (c) butan-r-o&ethanol-water (4:1:5, upper 
layer); (d> butan-r-ol-acetic acid-water (4:1:5, upper layer); (e) ethyl acetate-pyridine- 
water (10:4:3) ; {I) butanone-acetic acid-water (9: I: I, 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., Kirkby, Liverpool) 
of polycarbonate or silica gello, using the following solvent systems (v/v): (g) propan-r- 
ol-ethyl acetate-water (10:3: I) with polycarbonate sheets; and (It) butan-r-ol-acetone- 
water (4:5:1), or (i) butanone-acetic acid-water (~:I:I) 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 eh.rant*. To prevent 
deformation by “wall effects”, columns were pre-treated with I % 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, r-cm 
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layers of “Bio-Gel P200” and “Bio-Gel PIO” were applied successively td 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 
(&). Pdlysaccharide (ca: IO mg), dissolved in 1.5~ sodium chloride (I ml), was 
applied to the column by careful layering-beneath the M sodium chloride. Fractions, 
collected from a z-ml siphon by an automatic collectfir, were screened by the phenol- 
sulphuric acid methods. Elution volumes (Vc) were estimated to the nearest ml 
from peak maxima. 

RESULTS 

Fraction& precipitation of A. Senegal gum with sodium sulphate 
The gum (40 g) was dissolved in water (800 ml), titered, 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 maintained at 28O. 
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 III, 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 complete 
removal of inorganic ions. Analytical data for the freeze-dried fracticns are given 
in Table I. 

Autohydrolysis of A. Senegal gujn 
A sample (4 g) of electrodialysed gum was dissolved in water to give a 2% 

solution (pH, 2.8). Autohydrolysis on a boiling water-bath was followed polari- 
metricallyll. After 50 h, the solution was cooled, filtered (to remove denatured protein), 
and dialysed against water (3 x 2 1). Dialysis was completed against running tap- 
water, and freeze-drying gave the degraded gum (2 g), [ct]D -I IO (c 1.0, water) (Found: 
moisture, g-7; uranic acid, x9.2; galactose, 68; arabinose, 2’73 Hydrolysis of the 
degraded gum indicated the presence of two aldobiouronic acids, which had RG~Z 

values of 0.22 (major component) and 0.59 (minor component) in solvent (b), and 
were chromatographically identical with 6-O-(j%D-glucopyranosyluronic acid)-D- 
galactose and 6-U-(4- 0-methyl-p-D-glucopyranosyluronic acid)-D-galactose, respect- 
ively. Chromatographic examination of the difYusate from the degraded gum showed 
it to contain galactose, arabinose, rhamnose, three (major) neutral disaccharides, 
traces of the two aldobiouronic acids, and oligosaccharide material. Further hydrolysis 
of a portion of the d&sate yielded more of the same aldobiouronic acids found for 
the degraded gum. 
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TABLE I 

ANALYTICAL DATA FOR ELECTRODIALYSED A. St?IIt?gOt GUhf AND FRACTIONS OBTAINED BY 

PRECIPITATION WITH SODIUM SULPHATE 

A. Senegal gum 
Fractions 

I II III IV 

Yield, % - 23.6 29.5 33.7 I.2 
Moisture, % 11.0 W-7 7.3 8.6 - 
Ash, % 0.01 0.01 0.02 0.01 - 

N, % o-33 1.01 0.12 0.02 - 

Protein, % [N % x 6.251 2.1 6.3 0.75 0.13 - 
[7jl. cm3g-I 20.0 33-5 14.8 10.8 - 
Rhamnose, %” I2(I4) Io(I3) I2(I3) I2(I3) - 
Arabinose, “%4 25(28) 24(3o) 26(28) 23(25) - 
Galactose, “/~= 34(39) 29(37) 37(4o) 4c(44) - 
Uranic acid, “/,O.b 16.709) 16.0(20) 17.509) 16.7(18) 15-5 
Methoxyl, % 0.23 0.23 0.23 0.23 0.22 
[&, (C 1.0, Water) -31.5” -32-7” -32.7” -31.5” - 
Equiv. wt.= 1290 - - - - 
Formic acid released on 1.58 156 I-59 1.60 - 

periodate oxidation 
(moIe/g) x 103 

Ratio of galactose/arabinosed 1.40 1.23 I-43 1.76 - 

4Values in parentheses are corrected for all non-carbohydrate material. 
bCalcnlated as the anhydride of glucuronic acid. 
CBy direct titration (potentiometric) with 0.02N sodium hydroxide. 
Walculated from the values corrected for non-carbohydrate material. 

Borohydride reduction of degraded gun1 

Degraded gum (500 mg) was dissolved in water (IOO ml), and sodiuTn borohydride 

(400 mg) was added. The solution was kept for 24 h at room temperature before further 
sodium borohydride (IOO 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 cf), and t.1.c. on 
silica gel with solvent (1~) indicated the presence of galactitol. No arabinitol was 
detected. 

Periodate oxidation of degraded and reduced, degraded guns 

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, dt-y wt.) was as follows: 0.25 h, 160 pg; 0.5 h, 200 pg; I h, 215 ,ug; 2 h, 

220 .ug; 6 h, 220 ,ug ; 24 h, 235 ,ug. Assuming production of one formaldehyde molecule 
per average polymer unit, a value for A4 -n of 4,400 was calculated for the degraded 
gum. Taking into account its composition, this corresponds to a number-average 
degree of polymerisation (Fn) of 27. 
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-Controlled Smith-degradatioiP qf degraded gum 
Periodate oxidation was carried out at 2O. Degraded gum (I g) was dissolved in 

water (25 ml), 50% (w/w) periodic acid (1.75 ml) was added, and the solritibn made up 
to 50 ml. After 2 days, the reaction. was stopped by addition of ex& of ethylene 
glycol. Following dialysis against running tap-water for 2 days, the solution was 
treated with sod& borohydride (250 mg) for 36 h. Further dialysis for 2 days was 
followed by hydrolysis. of the acetal linkages with N sulphuric acid for 2 days at 18”. 

The acidic s&tion was neutra&ed with barium carbonate, filtered, treated with 
Amberlite resinIR-120 @I+ form); and concentratedonarotaryevaporator. Chromato- 
graphic examination revealed the presence of glycerol and glycolic aldehyde. Molecular- 
sieve chromatography on a column (2.5 x 75 cm) of “Bio-Gel PIO” 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 
(j)], but no galactitol or erythritol. 

Molecular-sieve chromatography 
Figure I shows the calibration plot of elution volume (y,> against log m, 

obtained with dextran fractions of known mn_ For “B&Gel P~oo”, this relation- 
shipls-1s is approximately linear for values ofan from 5,000 to 125,000; although the 
usefui working range may extend slightly beyond these values, the exclusion limit 
of “Bic+Gel P300”fir the pol~~~czcchari&s incestigated is apparently less than ~OO,OOO. 

6.0r 

-l 
200 400 600 ebo 1000 

v, trna 

Fig. I. Plot of elution volume (V,) against log_&& for dextran fractions of known ii?, values. [“Bio- 
Gel P300” column (5.0 x 50 cm), elution with M sodium chloride]. The amows shown correspond 

with those on Fig. z. 

Sucrose and. -glucose have the same elution volume, which is defined as being 
equal to V. + V., where V, is the void volume and Vf the internal volumelJ916. 
The elution volume of “blue dextran” (Pharmacia Ltd., Uppsala) was taken as the 
void volume, and values for the distribution coefficient (&) were calculated from the 
relationshipl7, & = ( Ys - V,)/ Vi. Figure 2 shows the elution patterns for A; Senegal 
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gum, for the fractions (I-IV) precipitated by. sodium siphate, and for the de&ad& 
gum obtained by autohydrolysis of A. senegdl gum. Table II gives the values found for 

&and@,; estimation of Mla for the whole @m-was rendered difficult by theasymmet- 
ric nature of. its elution curve. .. .-. 

TABLE II 

ESTIMAl-ION OF .%n BY MOLECULAR-SIEVB CHROh¶ATOGRAPHY : 

A. Senegal &m (276) - - 
Fraction I 270 0.00. - 
Fraction II 294 0.04 140,000f20,000 
Fraction III 351 0.12 gg,ooof~o,ooo (105,000)~ 

Fraction IV 532 0.40 35.000f 3,000 07,000)” 
Degraded gum0 884 0.92 4,soo* 500 (4,400)C 

aBy osmometry; the authors thank Mr. S. Rahman for these determinations. 
bObtained by autohydrolysis. 
cPeriodate end-group analysis, as formaldehyde. 

Fraction I 
I 

I 

I , 

Fraciicn U 
I 
I 
I , 
I 
I 
I 

--i- 

._ 

Fig. 2. Elution patterns for A. Senegal gum, sodium &hate 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-2rolr* and acetonelg has 
been reported. Van Beekla 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 reported”0 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. senegaZ 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 hr sodium chloride, since coacervates are broken down on addition 
of simple electrolytesal. Our 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 Adamsss; 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 holnogeneous and heterogeneous 

in relation to plant gums and other polysaccharides. Smith and Lewisss claimed that 
the Jzeterogetzeity of A. Senegal gum is revealed by electrophoresis on glass-fibre 
paper, whilst Jermyr+ observed no sharp discontinuity in the properties of the molec- 
ular species after chromatography on DEAE-cellulose. Conrbretrrm Zeoneme gum 
has been described by Aspinall and Bhavanandanss 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”. Norman26 has 
stated that A. Senegal gum is “not a substance of constant composition, but is con- 
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strutted in a particular pattern from varying amounts of constituent units “, and HirsP 
has referred to it as “a mixture of closely related, molecular species”. Other terms, 
such as grossly heterogeneou.9, polydisperse3a 28, and poIy~zoIeczdar29, have also been 
employed. Unfortunately, their usage has not always been in accordance with their 
accepted de&&ions; poi’ydisperse describes polymer systems containing more than 
one component; polymoiecular denotes a- homogeneous polymer having a variation 
in molecular weight (c$ ref. 20). 

There is no evidence from our present investigations, nor from thoseof JermyrP, 

that A. senegaZ gum is poi’ydisperse. On the other hand, if the gum is claimed to be 
polymolecular, the above defmition of this term implies that it is a homogeneous 

polymer. The term homogeneous has been used 30*31 to indicate that polysaccharides 
are not polydisperse, even although, chemically, they are undoubtedly heterogeneous. 

To avoid this ambiguity, it is suggested, that the term poZymoZecuZar be reserved for the 
description of those polymer systems having only a distribution in molecular weight, 
and the term heteropolyntolecular 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. 
Defhred in this way, the term heteropolymolecular conveys a more comprehensive 
description of the spectrum of related polysaccharides that comprise A. Senegal gum. 

Molecular-sieve chromatography of the degraded gum obtained on auto- 
hydrolysis (Fig. 2) indicates that mn = 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 Smithll to be present in the degraded gum. 

This investigation shows that autohydrolysis of A. Senegal gum results in the 
release of galactose residues, in addition to arabinose and rhamnose residues, with the 
formation of a degraded gum containing 2% 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 
(cf- 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 2% 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 moiecular-weight 
has also been obtained from autohydrolysis of gums from:& karroo34 and 
A. cyanophyIla35, and this led Hirstss to suggest that acidic residues may occur in 
labile side-chains. 

The methoxyl content of A. Senegal gum has already received comment in a 
preliminary commumcatior?‘. 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- 0-methyl-D-ghtcopyranosyhtronic acid. A careful, chromato- 
graphic re-examination of the degraded gum from A. Senegal resulted in the detection 
of the aldoblouronic acid, 6-0-(4-0-methyl-p-D-glucopyranosyluronic acid)-D- 
galactose, the presence of which had not been recognised by earlier investigators. 
The sample of A. Senegal gum used in the present study has a methoxyl content of 
0.23%; this corresponds to a content of 1.4% of 4-0-methyl-D-glucopyranosyluronic 
acid. The presence of this residue in A. .senegaZ gum accounts for some of the 2,3,4- 

tri-0-methyl-D-glucuronic acid obtained after hydrolysis of the methylated whole- 
gum3*. 

Periodate oxidation of the degraded gum produces no formaldehyde, so it may 
be concluded, in conjunction with methylation evidence 39, that the rcducing 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 Mn was calculated for the degraded gum. 

No HCHO HCHO 

D 

H”$>H,OH 7 H”$p20~ ,- i+$i 

OH OH 
Degraded gum CH20H 

talactital 

20 10: 
1 

CH,OR’ 
CHpOH 

ICI 

CH,OR’ 

HO o\cHo (deBHi * HO 

c 

OH 
HO 

OH 
OR” 

) 

OR= OH 
CHO 

(b) N!+SO_, 

2 days.lE* 
CH20H 

N H2S04 + 
7h, 100” CH,OH 

D-Arabinitol 

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 (c$ ref. 40) carried out at 2O provides additional 
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information that galactose constitutes the reducing end-group. The series of reactions 
proposed sa to account for the app earance 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 VirgiIia oroboides gum, Stephen 41342 has suggested that the carboxyl 
groups of the uranic acid residues may be responsible for “deep-seated decomposi- 
tion “_ This fact, and the overall geometry of the A. senegalgum 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. 
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suhxMARY 

Investigations involving fractional precipitation of A. Senegal gum by sodium 
suIphate 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-O-(4-0-methyl-P-D-glucopyranosyluronic acid)+- 
galactose residues in A. Senegal gum. 

REFERENCES 

I D. M. W. ANDERSON AND G. M. CREE, Carboh_vdrate Res., 2(1966) 162. 
2 G. H. LATHE A&T C. R.J. RUTHVEN, Biochem. L, 62 (x956) 665. 
3 P. ANDREWS AND G. P. ROBERTS, Biochem. L, 84 (1962) IIP. 
4 D. M. W. ANDERSON, I.C.M.DEA,S. RAHh%AN.AND J. F. STODDART, C/let,;. CO~?I~IUII..(I~~~) 145. 
5 D. M. W. ANDERSON, S. GARBWIT,AND S. S. H.ZAIDI, Anal. Chim.Acta,29(1963) 39. 
6 M. DUBOIS,K.A.GILLES,J.R.HAMILTON,P.A.REBERS,AND F. ShfInf,A~zoL Chem., 28(1956)350. 
7 D. M. W. ANDERSON AND J. F. STODDART, in P. W. SI-~ALLIS (Ed.), Proceedings ofthe S.A.C. 

Symposiom, Nottingham, 1965, Heffer and Sons, Cambriflge, p. 232. 
8 T.G. HALSALL, E. L.HIRST, AND J.K. N. JONES,J. Chem. Soc.,(igQ) 1427. 
g W.D.ANNAN, E.L.HIRST,AND D.J. MANNERS,J. Chem.Soc..(rg65) 220. 
10 D. M. W. ANDERSON AND J. F. STODDART, Carbobydrate’Res., I (1966)417. 
II F. SMITH, J. Chem. Sot., (1939) 744. 

Carbohydrate Res., 2 (1966) 104-114 



113 D. M. W. ANDERSON, J. F. STODDART 

12 

I3 
I4 
15 
16 

17 
18 

19 
20 
21 

22 

23 
24 
25 
26 

27 
2s 

29 
30 
31 
32 

33 
34 
35 
36 
37 

38 
39 
40 

I. J. Gowsmm, G. W. HAY, B. A. L~wrs, AND F. Shah, Abstracts Papers Am. Chem. Sec. Meeting, 

I35 (1959) 3D- 
P. ANDREWS, Nature, rg6 (1962) 36. 
P. STREWS. Biochem. J., 91 (1964) 222. 
P. ANDREyS, Biochem. J., 96 (1965) 595. 
D. M. W. ANDEFSON AND J. F. STODDART, Anai. Chim. Acto. 34 (1966) 401. 

B. GELOI-IE, ~J. Chmafog., 3 (rg60) 330. 
M. HEIDELBERGER, J. ADAMS, AND 2. DISCHE, .l. Am. Chem. Sot., 78 (1956) 2853. 
L. K. H. VAN BEEK, J. Polymer. Sci., 33 (1958) 463. 
C. T. GREENWOOD AND N. K. MA-I-ISON, Chem. Ind. (London), (1956) 988. 
H_ G. BUNGENEZERG DE JONG, in H. R. Knurr (Ed.), ColioidScience, Vol. 2, Elsevier, Amsterdam, 

1949. P- 335. 
M. HEIDELEIERGER - L ~LDAMs. J. &@I. Med., 103 (1956) x89. 
F. SMIW AND B. A. Lms, J. Am. Chem. Sot., 79 (1957) 3929. 
M. A. JERMYN, Australian J. Biol. Sci., 15 (1962) 787. 
G. 0. A~PMALL AND V. P. BHAVANANDAN, J. Chem. Sot., (196.5) 2693. 
A. G. NOR~~AN, Biochemistry of Celhdose, Polyuronides, Lignin, etc., Clarendon Press, Oxford, 
1937. P- 121. 
E. L. Hmsr, Proc. Roy. Sot. A, 252 (xgsg) 287. 
S. N. MUICHWEE AND S. K. DEB, J. Indian Chem. Sot., 3g (1962) 823- 
H. 0. BOUVENG AND B. L-BERG, Adcan. Carbohydrate Chem., 15 (rg6o) 53. 
D. W. DRUMMOND AND E. PERCIVAL, J. Chem. Sot., (1961) 3908. 
M. I. H. FAROOQI AND K. N. KAUL, Indian J. Chem., 3 (1965) 217. 
F. Sm AND R. MONTGOMERY, The Chemistry of Plant Gums and Mucilages, Reinhold, New York, 

I959- 
P. S. O’Coua, 3. J. O’DONNELL, AND T. M. D. FEELEY, Proc. Chem. Sot., (1962) 68. 
A. J. CHARLSON, J. R. Nm, AND A. M. STEPHEN, J. Chem. Sot., (x955) 1428. 
A. J. CHARLSON, J. R. NUNN, AND A. M. STEPHEN, J. CIlem. Sot., (1955) 269. 
E. L. Hmsr, Plant Gums, Proc. &JI Intern. Congr. Biochem., 1958. 
D. M. W. ANDERSON, G_. M. CREE, M. A. HERBICH, K. A. KAiuhrmu, AND J. F. STODDART, 
TaZanta, II (1964) r559. 
F. Shwni, J. Chem. Sot., (1940) 1035. 
F. Shum, J. Chem. Sot., (1939) 1724. 
F. Shnm AND D. R. SPRIESTERSBACH, Abstracts Papers Am. Chem. Sot. Meeting., 128 (1955) 151~ 
A. M. S~PHEN, S. African Znd. Chemist, 17 (1963) 83. 
A. M. S~HEN, 3. Chem. Sot., (1963) 1974. 

Carbohydrate Res., 2 (1966) 104-114 



Carbohydrate Research 
Elwvier Publishing Company, Amsterdam 
Printed in Belgium 

115 
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IN-IRODUCTION 

Acetonation of ribitol (catalysed by mineral or Lewis acids) affords a mixture of 
two di-O-isopropylidene derivatives (A and B, isomer B having the longer retention 

time in gas-liquid chromatography). In the experiments previously describedl, 
catalysis by zinc chloride or hydrogen chloride afforded a mixture in which the A,B- 

ratio was ca. 2.3:r. The major isomer (A) was shown to possess an unblocked primary 
hydroxyl group and gave a benzoate (C) having m.p. 73-74O. Syrupy ribitol (obtained 
by borohydride reduction of D-ribose and possibly contaminated with boric acid) 
was used in these experiments; subsequent uses 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 is2 r,2:4,5-di-O-isopropylidene- 
ribitol and affords a benzoate having m-p. 6g-7r0. The nature of the factor controlling 
thed,B-ratio in the earlier experiments was not discovered. We now report on isomer A. 

RESULTS AND DISCUSSION 

Since isomer A possesses an unblocked, primary hydroxyl group, it must 
contain a 1,2:3,4- ( a, cz-et-ythro3), 1,3:2,4- (@, @-et-ythro), or r,4:2,3- (y, ar-erythr-0) 
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 a-erythro-, ,8-erythro-, or y-keral formed by direct 
condensation of acetone with an acyclic, polyhydric alcohol, although a-erythro- 

ketals may’ be obtained indirectly*, and simple erythro-vicinal diols will condense 

with acetones. A /3-erythro-s and a ,%isopropyIidene derivative7 have recently been 

reported**, and there are numerous examples 3~9 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. a, Newcastle-upon-Tyne 12. 
**The compound described8 as I&3,5-di-O-isopropylidenexylitol, i.e. containing cc- and /?-ketals, 
is, in fact, a r&4,5-diketal (ref. IS). 
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alcohols with a 2,2-dihalogenopropane in the presence of baser 2,2’, 5,5’-Tetra- 

hydroxybiphenyl forms a seven-membered, 2,2’-O-isopropylidene derivativell. 
The retention times of isomers A 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 A& 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 A. It proved impracticable to isolate workable 
quantities of isomer A from A,B-mixtures derived from crystalline ribitol, and an 
alternative approach was used. 

Acetonation of D-ribose diethyl dithioacetal gave a di-O-isopropylidene 
derivative, and demercaptalation of this compound followed by borohydride reduction 
of the product afforded r,2,3,4-di-O-isopropylidene-L-ribitol (A’), which had the 

-same retention time as isomer A in gas-liquid chromatography. Benzoylation of 
isomer A' gave the gbenzoate (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 A and A’ contain the same distribution 
of ketal rings. The enantiomorph of compound A’ was prepared by acetonation 
(zinc chloride catalysis) of I-O-benzyl-L-ribitol followed by debenzjrlation using 

sodium and liquid ammonia. Benzoylation then gave I- O-benzoyL2,3,q,+di- U- 
isopropylidene-L-ribitol. I-Deoxy-D-ribitol also readily gave a di-O-isopropylidene 
derivative. 

The infrared spectrum of a o.ooghl solution of isomer A’ in carbon tetrachloride 
(conditions where intermolecular hydrogen-bonding is negligible, and absorptions in 
the hydroxyl-stretching region may be assigned12 to free and intramolecularly bonded 
hydroxyl groups) showed bands at 3637 (E 14), 3595 (E 55, Av 42), and 3538 cm-l 
(E 32, AY gg). The first band is assigned to free, primary hydroxyl groups, and, from 
the magnitude of the Av values 12Js, 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 A’, since, in such a molecule, the 
C-3-C-5 portion is closely related in structure to 1,2-O-isopropyhdeneglycerol 
[bands at 3647 (E 25) and 3608 cm-l (E 49, Av xg)], which does not form an intra- 
molecular hydrogen bond involving a six-membered ring 14. Moreover, because the 
3,4-ketal is a-erythro,.C-2 and C-5 are c&disposed and a hydrogen bond 0-5-H....O-2 
(seven-membered ring) should form resulting13 _ in a band having Av ca. 140. The 
infrared spectral data for isomer A’ do not permit a distinction between the 1,3:2,4- 
and r,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-2-0113 [35g8 
(Av 31) and 3538 cm-l (Av gr>]- 

The n.m.r. spectrum (methanol-water, 3:1) of isomer A’ showed, inter alia, 

signals for isopropylidene methyl protons at t 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. 29, the signal pattern for the methyl protons subsided and simplified during 3 h 
to two signals (z 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-O-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 A and A’ and 
the enantiomorph of A’ are r,3:2,4-di-0-isopropylidene-Dr.-, -L- (I), and -D-ribitol, 
respectively. The absence of ketal migration under hydrolysing conditions has been 
established for several isopropylidene derivative+. 

Similar hydrolysis of the benzoate (C’) of compound A’ resulted in a simplifica- 
tion of the initial signal pattern (T 8.81, 8.88, and 8.98; ratio of signal strengths, 
1:2:1) for the isopropylidene methyl protons to two signals (T 8.73 and 8.7g), consistent 
with the occurrence of graded hydrolysis. However, no such simplification occurred 
on hydrolysis of I-deoxy-2,x,4,5-di-O-isopropylidene-D-ribitol, and the pattern of 
C-methyl proton signals (t 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 A’ contains a ring system related to tl-an+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 involvin g a cyclic ketal and a tetrahydropyran 
ring, viz., methyl4,6-O-isopropylidene-~,3-di-U-methyl-cc-D-glucopyranoside1~ (signals 
for isopropylidene methyl protons at t 8.81 and 8.70 in methanol-water, 3:1) and 
methyl 4,6-0-isopropylidene-cr-D-altropyranoside* (8.80, 8.72). The corresponding 
cis-fused system is exemplified by methyl 4,6-0-isopropylidene-2,3-di-O-methyl-~-D- 
galactopyranosideg (8.80, &?I), and methyl 4,6-O-isopropylidene-a-D-gulopyranoside* 
(8.9.0, 8,7@ 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-o. I I p-p-m.) for these pairs of signals 
are slightly greater than that (0.05 p.p_m_) for I-deoxy-2,3,4,5-di-O-isopropylidene-D- 
ribitol, the signal pattern for the methyl protons in the !atter compound is consistent 
only with a 2,4:3,5_distribution of the ketal rings (~5 the results of Baggett el al.‘“). 
The signal pattern (Y 8.75, 8.79, and 8.83; ratio of signal strengths, 1:1x) for the 
methyl protons of compound A’ may be accounted for if one of the-methyl groups is 
deshielded. It is possible for the primary hydroxyl 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 deshieIdingl6. 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 (<;o c.p.s.) and solvent effects 
have not been established. Robinson l7 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, ~rrms hydrogen atoms results in a charactetistic 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-U-isopropylidene-z,j-di-O-methyl- 
a-D-glucopyianoside had closely similar half-band widths. 

Me 

EXPERIMENTAL 

Unless otherwise stated, paper chromatography was performed on Whatman 
No. I paper by downward irrigation with the organic phase of butan-r-ol-ethanol- 
water (4:1:5), and detection was effected with alkaline silver nitrateIs_ Thin-layer 
chromatography 0.l.c.) was carried out on silica gel with detection by iodine vapour 
and/or vanillin-sulphuric acid lg. Gas-liquid chromatography was effected using a 
Pye Argon instrument (&ionization detection) with a column packing of polyethylene- 
glycol adipate and a gas pressure of 8 lb/sq in. N.m.r. spectra were determined on ca. 
20% solutions by using a Varian A60 spectrometer under normal working conditions 
and a 6% solution of tetramethylsiiane in chloroform as external reference. Infrared 
spectra in the hydroxyl-stretching region were obtained as previously describedIs_ 

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 supematant 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 1). 
The solution was extracted with chloroform in the usual manner to give a product 
which, on distillation, afforded the di-U-isopropylideneribitol mixture (t4.4 g, 
63%), b-p. 1&-160~/3o mm. Examination by g.1.c. at 160” revealed components A and 
B having retention times of 15 and 18.5 min, and in the ratio ca. 1:4. 

(b) When the procedure described in (a) was repeated, but the isolation was 
effected immediately after dissolution of the ribitol, the A&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 I % hydrogen chloride, and 
the solution was stored overnight at room temperature, the &S-ratio for the product 
was ca. 1:2. A similar ratio of products was obtained when ribitol (0.9 g), acetone 
(20 ml), anhydrous copper sulphate (2 g), and cont. sulphuric acid (0.02 ml) were 
shaken overnight at room temperature. 

Trityl chloride (7 g) was added to a solution of the di-O-isopropylideneribitol 
mixture [5 g, obtained by method (a) above] in pyridine (40 ml), and the mixture 
was stored for I 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 r,2:4,5-di-O-isopropylidene- 

ribitol (B, 3.54 g), b.p. 14o-16o~/3o mm, contaminated with ca. 3% of isomer A 
(established by g.1.c.). The 3-benzoate had m.p. 69-71” (from methanol) (Found: 
C, 64.1; H, 7.4. clSHZ406 talc.: C, 64.3; H, 7.2%). 

T.1.c. (benzene-methanol, g7:3) of the residue in the still showed two components 
having RF 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. I 14-115O, RF 0.94 (Found: C, 75.7; H, 6.9. CsoH3405 talc.: 

C, 75.9; H, 7-2%). 

r-Deoxy-q,q,j-di-O-isopropylidene-D-ribitoi 
A solution of D-ribose diethyl dithioacetalzO (IO g) in 70% aqueous ethanol 

(700 ml) was heated under reflux with Raney nickeP(70 ml). The course of the reac- 
tion was followed by paper chromatography, and no starting material (RF 0.76; 
cf- product, o-45) remained after 4.5 h. InsolubIe material was removed, and the filtrate 
was concentrated to give I-deoxy-D-ribitol (1.7 g, 32%), m.p. 74-75” (from ethyl 
acetate), [a]D +g” (c 1.2, water) (Found: C, 43.8; H, g. I. c&204 Cab: C, 44.1; 
H, 8.9%). Hough et al.22 recorded m-p. 77-80” for r-deoxy-L-ribitol methanolate, 
and 65-69” for the solvent-free compound, [a]~ - 10.6” in water. 

A mixture of the foregoing compound (I.49 g), acetone (75 ml), anhydrous 
copper sulphate (3-75 g), and cont. sulphuric acid (0.04 ml) was shaken overnight at 
room temperature and then poured into an excess of cont. 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 (I .25 g, 53%), 
b.p. 104-106”/28 mm, [oC]D + rg” (c 1.9, chloroform) (Found: C, 61.2; H, 9.3. C11Hz004 
talc.: C, 61.1; H, g-S%)_ 

I-0-Benzyl-L-ribitol 
A solution of 5-O-benzyl-2,3-O-isopropylidene-D-ribitolz3 (3 g) in ethanol 

(47.5 ml) and N sulphuric acid (2.5 ml) was heated under refinx for 50 min. The hydroI- 
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), 4o:Io:4g:r, Whatman .No. 4 paper] 
revealed one component having RRibltoZ 3.2. On storage, the syrup crystallized, and 
recrystallization from chloroform-light petroleum (b.p. 6o80”).gave the title com- 
pound (I.3 g), m.p. 6g-7o”, [a]~ f 10~ (c 2.5, water) (Found: C, 59.4; H, 7.3. c12&105 

talc.: C, 59.5; H, 7-4x). 

I,$&+Di-0-isopropyiidene-D-ribitol 

Zinc chloride (3 g) was shaken with acetone (15 ml), and the supematant liquid, 
on cooling, was decanted onto the foregoing benzyl ether (I g). The mixture was shaken 
until dissolution was complete and then stored at room temperature for TO h. The 
di-0-isopropylidene derivative was isolated as a syrup (Z-I g) by the use of ether2*. 
A solution of this product in ether (12 ml) was added to liquid ammonia (300 ml), 
and sodium (I g) was added in small pieces with stirring during I h. The solvent was 
then -allowed to evaporate at room temperature, and water (80 ml) was carefully 
added to the residue. The solution was extracted with chloroform, and the dried 
(KaCOa) 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 r,3:2,4-di- 
Q-isopropylidene-D-ribitol (0.35 g), which afforded a benzoate having m.p. 82O 
(from methanol) and [a]~ f33” (c 2.3, chloroform) (Found: C, 64.3; H, 7.0. ClsHe406 
talc.: C, 64-3 ; H, 7.2 %). r-O-Benzoyl-a,4:~,~-di-O-isopropylidene-D-ribitol1 had 
m.p. 82O (from methanol) and [aIn -32O in chloroform_ The infrared spectra of the 
two benzoates were indistinguishable. 

Graded, acid hydroiysis of r,3:.?,4-di-0-isopropylinene-L-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 (t 8.75,8.7g, and 8.83) for the isopropylidene methyl protons had simplified to 
two signals (t 8.83 and 8.90) of approximately equal intensity (180 min), the solution 
was neutralised with Amberlite IRA-400 (HO- form) and concentrated. T.1.c. 
(dichloromethane-methanol, g: I) of the residue (2,202 mg) from a similar experiment 
revealed components having RF values of 0.0, o-59, and 1.0, and paper chromato- 
graphy (detection with Tollens reagente4) revealed components having RF 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. 1o2-1o4~. 
The chloroform extract was added to a column (I x g-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-0-isopropylidene derivative 
( 20 mg, RF o-59), which was p-phenyl&obenzoylated in the usual manner25 to give 
2,4-O-isopropylidene-r,3,5-tri-O-p-phenylazobenzoylribitol, m-p. 165-167” (from 
chloroform+thanol) (Found: C, 69.3; H, 5.3; N, 10.6. C47H40N&h talc.: C, 69.0; 

H, 4.9; N, 10.3%). 
A solution of the residuezin an excess of o.o2hr 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.1.c. 
revealed unaltered proportions of the components having RF values of 0.59 and 1.0. 
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SUMhfAFZY 

Acetonation of ribitol (catalysed by mineral or Lewis acids) affords a 1,2:4,5- 

and a r,zq,+di-0-isopropylidene derivative. Evidence is presented which-indicates 
that the latter isomer has a r&2,4-distribution of the ketal rings. 
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INTZODUCTION 

A variety of reactions has been reported1 in which intramolecular hydrogen- 
bonding has been invoked to account for rate enhancement and/or reaction pattern. 
In previous paperss, 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 esterilication of the 5-hydroxy-a-phenyl- 
r,3-dioxans with p-phenylazobenzoyl chloride in pyridine2 is cixtnzns, ca. 5.6:1, 
whereas for the 4-phenylcyclohexanols, under similar conditions, the cis:franr ratio 
is ca. 1:6.6, as would be expected4 on conformational grounds. In dilute solution in 
carbon tetrachloride, no intramolecular hydrogen-bonding is possible for the 4- 
phenylcyclohexanols, but complete bonding occur.+ in cis-5-hydroxy-2-phenyl-1,3- 
dioxan, and only limited bonding in the tl-ans-isomer. For 1,4:3,6-dianhydro-D- 
glucitol (I), the apparently more sterically-hindered e&o-5-hydroxyl group was found 
to be more reactive than the e,uo-2-hydroxyl group on esterification with toluene-p- 
sulphonyl chlorides or p-phenylazobenzoyl chlorides in pyridine. Only the e&o-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 esterifrcation of the alcohols listed in Table I, using acetic anhydride 
in pyridine at 29, were measured. Within the limits of experimental error, the esteri- 
fications showed second-order kinetics although, in some cases, small deviations were 
observed beyond 60% reaction. The rate constants were measured by essentially 
Eliel and Lukach’s method7 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 based4 on 
conformational grounds, the trans-isomers of the cis,trans-pairs of 4-phenylcyclo- 
hexanol and 5-hydroxy-2-phenyl-r,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 
esterificxtion is effected with p-phenylazobenzoyl chloride in pyridine. The values for 
the rate constants were reflected in competition experiments. When a solution of I mol. 
of acetic anhydride in pyridine was allowed to react with a mixture containing I mol. 
each of cis- and truns-5-hydroxy-2-phenyl-I,pdioxan, 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 trans-5-hydroxy-2-phenyl-r,3-dioxan and trans-4-phenylcyclo- 
hexanol, and for 5-hydroxy-r,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-D-glucitol (I), the relative reactiv- 
ities of the two hydroxyl groups are dependent on the reaction conditions. Thus, 
when the dianhydride was treated with I mol. of acetic anhydride in pyridine at 25O, 
the ratio of 2- to 5-acetate was ca. I -7: I, 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 pyridine”. Related results were obtained with the 2-methoxycyclopentanols. 
The hydroxyl groups in the cis- (II) and trans-isomer (III) are, respectively, in similar 
steric environments to the endo+ and exe-2-hydroxyl groups in 1,4:3,6_dianhydro- 
D-ghCitOl (I)_ The rate constants in Table I show that the Pans-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 dianhydrides (I), and in cis-2-methoxycyclopentanols (II), can form 
an intramolecular hydrogen-bond. 

II R’=OH, $=H 

I IIt R’=H , R2=OH 

In the 2-methoxycyclohexanol series, the tra?zs-isomer is esterified more rapidly 
(Table I)_ Since the trans-isomer should adopt the chair conformation (iv) having the 
hydroxyl group equatorial, while the c&-isomer is likely to be conformationally 
unstable with the hydroxyl group movin, = 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-methoxycyclohexanols are 
completely intramolecularly hydrogen-bonded. 

In another group of experiments, the rates of acetylation of ethanol, propan-I-01, 
butan-r-01, 2-methoxyethanol, 3-methoxypropan-I-01, and gmethoxybutan-I-01 
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were measured (Table I). With the exdeption 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- 
1-01s show9 characteristic and significantly different patterns of intramolecular 

hydrogen-bonding, and bond formation decreases in the order 2-methoxyethanol> 
3-methoxypropan-I-ol>4-methoxybutan-I-01. Thus, it may be concluded that, 
within the series of alcohols studied, there is no correIation 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 z-ester was the preponderant product when methyl 
4,6-O-benzylidene-a-o-glucopyranosiderQ 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 examplerl, treatment of 
benzyl 4-O-methyl-/3-D-xylopyranoside with one equivalent of acetyl chloride in 
pyridine gave the 2- and 3-esters in the ratio of I.I:I, whereas, with acetic anhydride in 
pyridine, the ratio was I .7: I. Furthermore, onpartialesterification withaceticauhydride- 
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 (I), or (b) uu-iouised acetic anhydride and 
ethoxide ion (2). Although the catalytic effect of pyridine on the esterification of 

EtOH + AcQO --+ products 

EtOH + EtO- + Hf 

EtO- + AcQO + products 

(I) 

(2) 

alcohols has long be.en known, the precise mechanism remains to be elucidated. The 
evidence for different pathways has recently been reviewed13. Since carboxylic and 
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ionization of the amine is unlikely, and it might be predicted that the reactivity of the 
c&amine would be enhanced by intramolecular hydrogen-bonding. 

trans-5-Amino-2-phenyl-r,3-dioxan was prepared by treatment of the cis-g 
methanesulphonatez2 with sodium azide in N,iV-dimethylformamide, followed by 
reduction of the resuhant tran.s-pazido compound with Lithium ahuninium hydride. 
The cis-&amine was prepared likewise from the rrans-5-methanesulphonate. In 
dilute solution (KO.OO~~~), the c&amine (VII) had YmaX at 3389 (& 13) and 3328 cm-l 
(E 3.1)~ while the trans-amine (VIII) had vmax at 3397 (e 8) and 3331 cm-r (.e 2.8) in 
the N-H stretching region._ The absorption patterns for the two amines and for 
cyclohexylamine23 [Ymax at 3375 (E 3.3) 2nd 3311 cm-l (e 2.1)] were closely similar, 
which suggests that the absorption maxima in each isomer are due to asymmetric 
and symmetric stretching vibrations of the NH2 group. Intramolecular hydrogen- 
bonding would be expected24 to lower the stretching frequencies. 

PIT SmI 

When a I:I mixture of cis- (VII) and trans-5-amino-2-phenyl-r,3-dioxan (VIII) 
was allowed to react with I mol. of acetic anhydride in pyridinr;, the cis- and bans- 
acetates were formed in the ratio ca. r.g:r. A similar order of reactivity was found by 
Eliel et al.25 for the 4-terr-butylcyclohexylamines. The &-isomer reacted with 2,4- 

dinitrochlorobenzene at twice the rate of the trans-compound. Unusual stabilisation 
of the equatorial amino group in the tram-isomer by solvation was invoked to explain 
the reactivity difference. 

EXPFIRIMENTAL 

Preparation of alcohols 
5-Hydroxy-r,pdioxan, prepared by saponification of the benzoatess, had 

b.p. 85-87O/15 mm. Cyclohexanol and cyclopentanol were fractionally distilled through 
a 3o-cm column packed with glass helices. The cis- (m-p. 75-76”) and trans-forms 
(m.p_ I 19") of 4-phenylcyclohexano127, the cis2s (m-p. 8~--83~) and tra~rs-forn+” 
(m-p. 63-64”) of 5-hydroxy-a-phenyl-r,Tdioxan, and the cis- and tram-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 r/a--x against time, or 
loge b(a-x)/a@-x) against time, where a and b are the initial concentrations of 
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TABLE II 

EXPERIMENTAL RATE CONSTANTS FOR ACETYLATION OF CERTAIN ALCOHOU. +-H ACETIC ANHYDRIDE 

IN PYRIDME AT 25” 

.; 

Alcohol Alcohol Acetic anhydride k x IO= 
concenfrafion concentration (Z.moZe-lsec+ 

(mole/O (mole10 

Cyclohexanol 

cis-4-Phenylcyclohexanol 
trans-4-Phenylcyclohexanol 
cis-5-Hydroxy-z-phenyl-1,3-dioxau 

rrans-5-Hydroxy-2-phenyl-r,3-dioxan 

g-Hydroxy-1,3-dioxan 

Cyclopentanol 

cis-2-Methoxycyclopentanol 

tram-2-Methoxycyc!opentanol 

cis-2-Methoxycyclohexanol 
trans-2-Methoxycyclohexanol 

Ethanol 

Propan-r-01 

Butan-I-01 

t-Methoxyethauol 

3-Methoxypropan-I-01 

4-Methoxybutan-I-01 

0.5550 0.5550 .8.g 
1.1571 o-5246 9.0 
0.5310 0.5310 4-o 
o-4936 0.4936 11-g 

o-5474 o-5474 6.0 
0.2709 0.5916 5.5 
o-5595 1.1545 5-6 
0.5588 0.2758 6.1 

o-g031 0.4563 6.8 

o-547 I o-4571 49.6 
0.5369 0.5369 49.5 
o-5657 o-5657 31-9 
0.6602 0.6602 31.7 
0.6756 I.3279 30.1 
0.2113 0.6068 31.1 
I.2915 0.5341 34.7 
0.6708 0.3198 34.1 
o-5555 o-5555 10.6 
0.5562 0.5562 10.6 
0.5136 0.5136 4.23 
0.4872. 0.4872 4.26 
0.5136 0.5136 15.3 
0.4840 0.4840 15.2 
0.4684 0.4684 2.9 
0.4152 0.4152 9-7 
0.4311 0.4311 9.7 
0.6061 0.6061 56.2 
0.6061 0.6061 55.5 
0.6073 0.6073 55.7 
0.6075 0.6075 55.6 
0.5961 o-5961 56.3 
o-5941 o-5?41 54-9 
0.5894 1.1788 52.2 
0.5852 1.1736 51.3 
0.5964 o-5964 67.2 

0.5945 o-5945 68.7 
0.3076 0.6153 66.8 
0.3076 0.6150 68.1 
0.6016 0.6016 55-8 
0.6008 0.6oo8 55.4 
o-5939 o-5929 58.7 
0.5929 o-5929 57.9 

D-glucitol (1.20 g, 16.9%) was obtained, having b.p. 129126”/0.2 mm, Vale 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 experiment, the yields (calcuiated:on acetic anhydride) were 
2,5-di-acetate, 57.8%; 2-acetate, 27.6%; and s-acetate, 17.1%. 

(b) With acetic anhydride, pyridine, andpyridine hydrochloride. ‘A solution of the 
dianhydride 15.67 g), -acetic anhydride (3.88 ml, I mol.), and pyridine hydrochloride 
(2 g) in pyridine (50 ml) was stored at 2$for 24 h. The acetates were isolated and 
fractionated as in (a) to give the 2,5-diacetate (2.10 g, 47x), the.2-acetate (0.88 g, 
12x), and the j-acetate (3.14 g, 42.9%). 

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

~-O-Acetyl-r,4:3,6-dianl~ydro-r-O-p-pkenyiazobenzoy~-~g~ucito~ 

Acetylation of r,4:3,6-dianhydro-2-O-p-phenylazobenzoyI-D-gIucitol2withacetic 
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. CBHZONZO~ talc.: C, 63.6; H, 5.1; 
N, 7.1 %I- 

The same product was formed on p-phenylazobenzoylation of the 5-acetate 
described above. 

2-O-AcetyZ-r,q:3,6-dianhydro-5-O-p-phenylazobenzoyl-D-gi~citoZ 

Acetylationof I,4:3,6-dianhydro-5-O-p-phenyl~obenzoyl-~-glucitol~ with acetic 
anhydride and pyridine, in the usual manner, gave the title 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. 

s-Azido- and 5-amino-2-phenyl-r,3-dioxans 

A mixture of sodium azide (3.9 g) and cis-5-methanesulphonyloxy-2-phenyl- 
I&dioxarP (5 g) in N,N-dimethylformamide was boiled under reffux for 6 h. The 
cooled mixture was diluted with chloroform (200 ml) and washed with water (80 ml)_ 
The aqueous washings were washed with chloroform (2 x 40 ml), and the combined 
chloroform solutions were washed with water (60 ml), decolourised with charcoal, 
dried (MgSOa), and concentrated. Recry&allisation of the residue from light petroleum 
(b.p. 60-80”) gave trans-5-azido-2-phenyl-I,3-dioxan (2.2 g, ~5%)~ m-p. 65.5-66.5”, 
~~~~~~ 2123 cm-l (azide) (Found: C, 58-g; H, 5.4; N, 20.3. CI,JHIIN~O~ talc.: C, 58.6; max 

K 5.4; N, 20.5%). 
By essentially the same method, trans-5-methanesulphonyloxy-2-phenyl-r,3- 

dioxa$s was converted into the cis-5-azido derivative (69 %), b-p. ;2o-124~/0. I 5 mm, 
~EFzl3 2121 cm-1 (azide) (Found: C, 58-g; H, 5.7; N, 20~3%). 

A solution of the trans-5-azido compound (1.6 g) in ether (25 ml) was added 
dropwise to lithiumaluminium hydride(o.6g)at such a rate that gentle boiling occurred, 
and boiling was continued for an additional hour. Ethyl acetate (1.8 ml), ether (i5 ml), 
and water (1-3 ml) were then added successively, and the mixture was boiled for IO min. 
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Insoluble material was collected and washed with ether. Concentration of the combined 
titrate and washings, and recrystallisation of the residue.from light petroleum (b-p. 
60-80’9 gave trans-5-amino-2-phenyl-r,3-dioxan (I. 14 g, 82 73, rap. 53-54” (Found: 
C, 66-g; H, 7.5; N, 7.8. GoHrsNOs talc.: C, 67.1; H, 7-3 ; N, 7.8 %). The N-acetyl 
derivative, prepared by the standard procedure, had m.p. 200-200.53 VET”‘” 1680 cm-l 
(C=O) (Found: C, 64.8; H, 6.8; N, 6.0. ClsH1sNOs talc.: C, 65.1; H, 6.8; N, 6.3%). 

By essentially the above method, the cis-pazido compound was converted into 
the cis-5-amino derivative (58x), b-p. 13o-134“/0.6 mm [Found: C, 66.8; H, 7.0; 
N, 7.8%) and thence into the cis-5-acetamido compound, m-p. 152-153O, Y:::‘” 
1666 cm-1 (C=O) (Found: C, 65.1; H, 7.0; N, 6.2%). 

Competitive acetyiation of the 5-amino-2-phenyl-r,3-dioxazzs 

Freshly distilled acetic anhydride (0.055 ml, I mol.) was added to a solution of 
cis- and trans-5-amino-2-phenyl-r,3-dioxan (IOO 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 IO ml), and concentration of the com- 
bined and dried (MgSO4) 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 tra?zs-5-hydroxy-2-phenyl-I,3-dioxan. 

The n.m.r spectra were obtained by using a Varian A60 spectrometer on ca. 

IO% solutions in chloroform with a 6% solution of tetramethylsilane in chloroform as 
external reference. Resonance for the acetyl protons in the cis- and trans-pacetamido 

derivatives occmred at t 7.98 and 8.03, respectively, and in the cis- and trans-5- 

acetoxy compounds at 7.86and7.96, respectively. Integration of the peak areas (expan- 
ded scale, roe-set 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, 
r,4:3,6-dianhydro-D-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-q3-dioxan is more rapidly esterified with acetic anhydride 
in pyridine than is the rra?z.s-isomer; parallel results have been observed in the cyclo- 

hexane series. 
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BRAUNUNGSREAKTIONEN U-ND FRAGMENTIERUNGEN VON 
KOHLENHYDRATEN 
Tl3I.a I. DIE FLtiCHTIGEN ABBAUPRODUKTE DER PYROLYSE VON D-GLUCOSE 

K. HEYNS, R. Sm, UND H. PAULSEN 
Chemisches Staatsinstitat, Insrituz fir Organische Chemie, Unioersitfit Hamburg (Deutschland) 

(Eingegangen den 3_ December, 1965) 

EINLEITUNG 

Beim Erhitzen von D-Glucose oberhalb des Schmelzpunktes beginnt ab 15o-160~ 
unter Gelbfgrbung ein pyrolytischer Abbau, der bei steigender Temperatur und 
fortlaufender Erhitzungsdauer zu stark dunkel geftibten polymeren Verbindungen 
als Riickstand fiihrt. W%rend 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 1,2,3, HydroxygthylstBrke4 und ins- 
besondere von Bryce und Greenwood596 an Starke und verschiedenen Mono- und 
Disacchariden durchgefiihrt, nachdem schon Cernian? mit Hilfe der konventionellen 
Gasanalyse die Zusammensetzung einiger dabei gebildeter, nicht kondensierbarer 

Gase aufgekltit hatte. Ferner sind im Aroma des geriisteten KafFees eine Reihe 
von Abbauprodukten identifiert worden, deren Entstehung zum grossen Teil auf 
den Gehalt an Kohlenhydraten in der Kaffeebohne zuriickzufiihren ist**gJ7J*. 

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 
Fragmentienmg von Zuckem entstehen Stoffe aus verschiedenen Substanzklassen in 
so grosser Zahl, dass such mit Kapillarsgulen hoher Trennleistung eine hinreichende 
Auftrennung nicht fiir alle Komponenten erreicht werden kann. Weitere chemische 
oder physikalische Methoden, denen spezielle Am-eicherungs- und Nachweisverfahren 
vorausgehen, miissen zur sicheren Identitiierung herangezogen werden. So erfolgte in 
dieser Untersuchung nach gaschromatographischer Trennung die Identitienmg 
durch eine Kombination mikroanalytischer Methoden mit der Massenspektrometrie. 

METHODEN UND RESULTATE 

Pyrolyseapparatur und Ausf iihrung der Pyrolyse 

Das Erhitzen von Kohlenhydraten auf hiihere Temperaturen ist mit einer 
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heftigen Gasentwicklung verbunden, die zum AufblZhen der Schmelze fiihrt. Da der 
Anteil fliichtiger organischer Stoffe gegeniiber Was&r und dem nichtiltichtigen 
Rilckstand klein ist, milssen jeweils IOO g.D-Glucose unter gleichbleibenden Bedingun- 
gen eingesetzt werden, wenn man prgparativ trennbare Mengen erhalten will. Die 
Schwieriglceiten, reproduzierbare Ergebnisse bei diesen Mengen zu erreichen, bestehen 
in einer exakten W&-mefiihrung. Ein mijglichst schneller Temperaturanstieg ist anzu- 
streben, da Umwandlungsprodukte, die bei tiefer Temperatur entstehen, den Verlauf 
der Zersetzung bei hijherer Temperatur beeinflussen turd Sekundgrreaktionen liefern 
konnen.Ferner sollda.sTemperaturgeftieinnerhalbderabzubauendenProbe miiglichst 
gering seinlo. 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- 
genitsten der Beheizung und ein Verstopfen des Rohres bei der Pyrolyse lassen sich 
durch Vermischen der o-Glucose mit grobk&nigem Quarzsand (VerhHltnis I:I~) 
vermeiden. In drei hintereinander geschalteten Kiihlfallen wurden 3 Fraktionen 
erhalten. 

D- Glzrcose (100 %) 

I 

I 
Kondensat I 

45-47 % 

I I I 
Kondensat II Kondensat III Riickstand 

0,5-&o% o,+C’,3S% 4650% 
5oo” I 

Konhensat I Konde&at III Riickstand 
12-15% o&-o,9 % 25-27 % 

Das Kondensat I (Menge 45-47 % bezogen auf ~-Glucose) enthalt 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 enthalt vie1 Wasser und schwerer 
fhichtige, meist wasserlijsliche Anteile. 

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

Das Kondensat 111 (Menge - 0,3 O%) wurde durch Kiihlung auf -80” erhalten und 
enthglt die leichtfliichtigen und wasserunloslichen Stoffe. Die nichtkondensierbaren 
Gase wurden nicht untersucht, da ihre Zusammensetzung bereits bekannt istTa11. 

Der Riickstand der Pyrolyse ist braun-schwarz und fest mit dem Quarzsand 
verklebt. Er wurde einer Nacherhitzung auf 500” tmterworfen, wobei ein staub- 
formiger kohleartiger Riickstand gebildet wird, und sich wiederum 3 entsprechende 
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Kondensate gewinnen lassen. -Das Kondensat III/500° zeigt qualitativ eine ahnliche 
Zusammensetzung wie ‘das Kondensat III/300”. Es konnte daher fiir Parallelversuche 
verwendet werden. Das Kondensat III/500° enthalt einen vergleichsweise hiiheren 
Anteil an aromatischen Kohlenwasserstoffen und weniger Fumne als das Kondensat 
III/3oo”. Die Kondensate III sind praktisch wasserfrei und k&men ohne vorhergehende 
Aufarbeitung der gaschromatographischen Trennung zugefiihrt werden. 

Trennung und Identifiiirung der Zeichtfiichtigen Pyrolyseproduktti (Kondensat 1.0 

Ein Gaschromatogramm des Kondensats III auf einer Kapillarsgule zeigt bei 
Anwendung eines Temperatm-programms tiber 130 verscbiedene Substanzpealcs, 
von denen etwa 30 Substanzen in einer Konzentration tiber I % vorliegeo (Abb. I). 

Weitere 30 Substanzen in einer Konzentration unter 1% lassen eine sichere Identi- 
tierung noch zu. Genaue Untersuchungen zeigten, dass such an Kapillarszulen 
scharfe Peaks oft aus 2 oder 3 Substanzen bestehen. Die Retentionszeit reicht somit 
zur Charakterisierung eines Stoffes nicht ans. 

Ein derartig komplexes Gemisch, wie es im Kondensat III vorliegt, erfordert 
zur gaschromatographischen Trennung eine Vortrennung an verschiedenen ptipara- 
tiven Sgulen mit station&en Phasen unterschiedlicher SelektivitX So liessen sich an 
der prgparativen Sgule BP (Trikresylphosphat) bzw. C, (p/Y-Oxydipropionitril) die 
ir& Kondensat III auftretenden Substanzen nach Stoffklassen auftrennen. Die so 
erhaltenen Einzelfraktionen von Homologen waren dann an der Kapillars&rle Ak 
(Polypropylenglykol) vollstandig zerlegbar. 

Bei der Tremmng auf der prgparativen Saule CD liessen sich Acetaldehyd, 
Propionaldehyd, Aceton, Butanon-2, Furan, a-Methylfuran, a,5_Dimethylfuran, und 
a-Methyl-5-Bthylfuran rein in einer Menge isolieren, die eine Identilizierung iiber 
Massen- und IR-Spektren bzw. ilber Mischschmelzpunkte der z,4-Dinitrophenyl- 
hydrazone zuliess. Die restlichen 3 Fralctionen bestehen aus 2 bis 7 Komponenten, 
die vorteiihafter durch eine unabhtigige Trennung auf der prgparativen S2iule BP zu 
gewinnen sind, wobei auf die Abtrennung der bereits bekannten Verbindungen 
verzichtet wird. 

Die Saule BP besitzt eine urn 50” hiihere maximale Arbeitstemperatur und 
eignet sich besser zur Trennung der hoher siedenden Komponenten. Durch Probe- 
tremnmgen wurden 14 Fraktionen als ,@instigste Schnitte festgelegt. 3 Fraktionen 
waren einheitlich und bestanden aus 2,3,5_Trimethylfuran, r,3,5-Trimethylbenzol, 
und Furfurol. Die iibrigen II Fraktionen enthielten 2 oder’mehr Komponenten, die 
gaschromatographisch an Kapillars&rlen weiter aufgetrennt und mit Hilfe der 

syringe-reactions ” und der Massenspektrometrie identifiziert werden konnten. 
Die aus der Kapillars&rle 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 bekamrt 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 Peak&en&i&en 
auftreten. Isomere Verbindungen wie z.B. o-, m-, und p-Xylol-unterscheiden sich bei 
gleicher Peakverteilung h&fig nur wenig in den Peakintensitgten und lassen sich 
nur dann sicher zuordnen, wenn gleichzeitig mit der Aufnahme des Massenspektrums 
die gaschromatographische Retentionszeit bestimmt wird. Fiir unbekannte SubstdnZen 

liefert das Massenspektrum in der Regel das Molekulargewicht und die fiir die Stoff- 
Masse und die Art der Substituenten charakteristische Peakverteilung. 

Welcher StofRlasse die unbekannten Stoffe in den Gemischen angehiiren und 
welche funktionellen Gruppen sie enthalten, wurde mit der Methode der ,, syringe- 
reactions ” nach Hoff und Feitla bestimmt. Bei diesem Verfahren wird das Substanz- 
gemisch in Dampfform in einer gasdichten Spritze mit speziellen Gruppenreagenzien, 
wie z.B. Hydroxylaminhydrochloridlijsung als Reagenz auf Carbonylverbindungen, 
behandelt. Die kapillargaschromatographische Untersuchung des Restdampfes 
zeigte dann, welche Substanzen nach dieser Behandlung infolge Reaktion ihrer 

funlctionellen Gruppen aus dem Gemisch ,verschwinden. Alle I I Fraktionen wnrden 
nach diesem Verfahren auf die verschiedensten ftmktionellen Gruppen gepriift. 

Wie in besonders schwierigen Fallen eine Kombination beider Verfahren ange- 
wendet wird, zeigt das Beispiel der ungesattigten Substanz Nr. 35 (und deren Homo- 
logen Nr. 55,63,64,78,8 I), fiir die auf Grund der Massenspektren und der ,,syringe- 
reaction” die Struktur eines Vinylfurans oder iithylcyclopentadiens in Frage kommt. 
Fiihrt man mit dieser Substanz eine Syringe-Hydrierungsreaktion durch und nimmt 
das Massenspektrum der an der Kapillarsgule getrennten hydrierten Verbindung auf, 
so findet man eine Zunahme des Molekulargewichts um 6 Einheiten. Nur Vinylfuran, 
welches eine Doppelbindnng mehr enthat als das &hylcyclopentadien, kann bei der 
Hydrierung 6 Wasserstoffatome aufnehmen. 

Besonders schwierig gestaltete sich die Identitizierung der zahlreichen, im 
Kondensat III enthahenen 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 Furanelg, 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 Siedepunktabsch%itzung fiihrten zu der wahrschein- 
lichsten Struktur der unbekannten Verbindung. Die nunmehr abschliessend gezielt 
ausgefiihrte Synthese erlaubte dann eine sichere Identiflzierung. 

Insgesamt 56 verschiedene Stoffe konnten auf diese Weise im Kondensat III 
nachgewiesen und identitiert werden, welche in Tab. I einschliesslich der znr Identi- 
fizienmg benutzten Methoden angegeben sind. Die Verfahren der Identifizierung 
gelingen nur nach gaschromatographischer Vortrennung, da sonst infolge Peak- 
iiberlappungen, die such an Kapillarsiiulen 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 

LEICHTFL~CHTIGE ZE RSJXZUNGSPRODUKTE DER D-GLUCOSE 

Peak-Nr. 

in Abb. 
I u. 2 

Substanze. SZdentyp u. Methoden der 
Fraktion der Identifizierung 
Vorfrennung fr SR MSIR DNPHP 

I 

2 

3 

4 
5 
7 

9 
II 
12 

13 

I4 
1.5 
16 
17 
18 
21 
22 
23 
24 
25 
26 
33 
35 
36 
38 
41 
42 

44 
47 

50 
54 
55 
57 
58 

60 
61 

63164 

67 
69 
75 
78 

79 
80 

Aceta!dehyd 
Propionaldehyd 
FtUall 
Aceton 
Acrolein 
iso-Butyraldehyd 
Methacroleln 
n-Butyraldehyd 
2-Methylfuran 
Butanon-n 
g-Methylfuran 
Buten-3-on-2 
Butandionq3 
3-Methylbutanon-2 
Benz01 
3-Methylbuten-3-on-2 
Pentanon- 
2-Athylfuran 
Crotonaldehyd 
2,5-Dimethylfuran 
Pentanon- 
Pentandion-2,3 
2-Vinylfuran 
Toluol 
2-rr-Propylfuran 
t-Methyl-g-Pthylfuran 
Hexanon- 
Penten-j-on-2 
Hexanon-z 
2,3,5-Trimethylfuran 
Penten-p-al-1 
2-Methyl-5-isopropylfuran 
Pentadien-r,3-al-5 
z-Methyl-5-vinylfuran 
lithylbenzol 
2-Methyl-5-n-propylfuran 
2,5-Dilthylfuran 
p-Xylol 
m-Xylol 
cis-t-Propenyl-furan 
rrans-2-Propenyl-furan 
o-Xylol 
Cyclopentanon 
Furan-S-aldehyd 
cis-2-Methyl+propenylfuran 
Furfurol 
x,3,5-Trimethylbenzol 

C& Fra. 2 

cp, l%a. 4 
C,, Fra. I 
C’, Fra. 6 
K III* 
K III 
K III 
K III 
‘% Fra. 3 
C,, Fra. 8 
CP, Fra. 3 
r& Fra. 8 
C,, Fra. IO 
BP. Fra. 2 
C,, FIX. s 
BP, Fra. 3; q, Fra. g 
BP, Fra. 3; C,, Fra. g 
BP, Fra. 2 

BP, Fra. 4; C,, Fra. I I 
BP, Fra. 2; C,, Fra. g 
BP, Fra. 3; C,, Fra. g 
BP, Fra. 4; C,, Fra. II 
Bp. Fra. 4 
BP, Fra. 5 
BP, Fra. 5 
BP. Fra. 5 
BP, Fra. 6 
BP, Fra. 7 
BP, Fra. 7 
BP, Fra. 6 
BP, Fra. 8 
BP, Fra. 6 
BP, Fra. IO 
BP, Fra. 8; C,, Fra. IO 
BP, Fra. g; C,, Fra. IO 

BP, Fra. 8 
BP, Fra. g, G, Fra. IO 
BP, Fra. g, C,, Fra. IO 
BP, Fra. IO 

BP, Fra. I I 
K I= 
KI 
BP, Fra. 13 
BP. Fra. 14, K I 
BP, Fra. 12 

t + + + 

x-+-t f 

-f-+-f-++ 
1: + + 
x++ + + + + + + + + + + + + + + + + + + + -f- + + -t + + t + + i- + + + f + -!- + 
-!- + -I- 
+ + + 
-i- + + 
-I- + + 

1 II 

Tr_;+ 
f + -!- 
-t + + 
+ + + 

+ + + 

+ + + 
+ -!- + 
+ + + 
-f- + + 

+ i + 
‘i-f T++ + + + 
+ + + 
-!- + i 

+ + 
‘-i-t T+c++ + + + 

Fortsetzung Seite 138 
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TABELLE I (Forrsetzung) 

Peak-ivr_ Subsranre SEulenryp u. Methoden der 
in Abb. Fraktian der Identifzierung 
I u. 2 Vortrennung r, SR MS IR DNPW 

81 traItF-%Methyl+propenylfuran BP, Fra. 13 -I- + •l- 
82 z-MethyI-3(furyl-z)propen-2 Bp, Fra. 13 + 4-f 
86 x,2,4-TrimethylbenzoI BP, Fra. 13 ++A- 

90 2-Acetylfuran KI +++++ 
91 r,2,3-Trimethylbenzol direkt 
99 z,3-Benz0fura.n K1 : 

i + 
f 

100 g-Methylfurfurol KI + i + + id 

%SR = Gruppenzuordnung durch ,, syringe-reaction “_ rr = Identifizierung durch Priifung auf gas- 
chromatographisch identisches Verhalten. MS = Identifizierung iiber Massenspektrum. IR = Iden- 
tifizierung iiber IR-Spektrum. DNPH = Identifizierung iiber Mischschmelzpunkt des 2,4-Dinitro- 
phenylhydrazons. 
aDirekt im Kondensat III nachgewiesen. 
CIsoliert aus Kondensat I. 
~Mischschrnelzpunkt des p-nitrophenylhydrazons 
eInzwischen wurden such die Verbindungen Nr 34 und 56 sicher identifiziert. Es handelt sich urn 
2-Isopropylfuran (Nr 34) und a-Isopropenylfuran (Nr 56). 

nnd der Nachweis, dass es sich urn Aldehyde handelt, eine hinreichend sichere 
Identifiziernng 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. 2g und 37, die in Tab. I fehlen, wurden 
bisher keine Vergleichssubstanzen hergestellt. Es handelt sich urn Furane mit dem 
Molekulargewicht 96. 

Eine Reihe von Verbindungen, deren Bildung bisher bei der Zersetznng von 
Kohlenhydraten angenommen wurde, konnte bei der D-Glucose dnrch die Anwendung 
der genannten Methoden sicher ansgeschlossen werden. Hierzu gehiiren Methanol, 
Isopropylalkoholl~3~5~ 10, Furfnrylalkoholg, Valeraldehyd’* 6 und BenzaldehydlO. 
Ebenso sind Ester und andere Alkohole, die u-a_ beim Kaffeeriisten9J7J* gebildet 
werden, im Pyrolysat der D-Glucose sicher nicht vorhanden. Bemerkenswert ist die 
grosse Anzahl der im Pyrolysat gefundenen Furane; von den insgesamt 24 nach- 
gewiesenen Furanen konnten 122 identii?ziert werden. Bisher waren nur Furan, 
2-Methylfuran, und 2,5-Dimethylfuran 4~.6=13 als Produkte der Kohlenhydratpyrolyse 
bekannt. Auch ungesgttigte Aldehyde, wie das Pentadien-r,3-al-5 liessen sich erstmals 
in Pyrolyseprodukten von Kohlenhydraten nachweisen. 

Corbohydrote Rex, z (1966) is’-149 
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Trennung und Identifizierung der schwerer fliichtigen Pyrolyseprodukte (Kondensat I) 
Das Kondensat I, welches die Hauptmenge des Pyrolysats ausmacht, lhst 

sich gaschromatographisch nicht direkt untersuchen, da es einen zu -hohen Wasseri 
gehalt besitzt. Durch vorsichtige Destillation im Vakuum bei o” l&t sich ein Destillat 
gewinnen, welches sich als organische Phase vom Wasser abscheidet. 

Eine Analyse dieser wasserdampffliichtigen Stoffe, die Bhnlich wie beim Konden- 
sat III iiber gascbromatograpbische Vortrenmmg, Untersuchung an Kapillarsaulen, 
Massenspektrometrie und ,, syringe-reactions ” durchgefiihrt wurde, zeigte folgende 
Substanzen : Penten-3-on-z, Penten-2-al-r, Pentadien-r,3-al-s, Cyclopentanon, 
Furan-3-aldehyd, Furfurol, a-Acetylfuran, und 5-Methylfurfurol, die alle im Konden- 
sat III bereits gefunden wurden. Femer wurden 2-Methyltetrahydrofuranon-3, 
Cyclopenten-2-on-r, und 2-Methyl-5-acetylfuran identimert; sie wurden erstmals in 
Kohlenhydratpyrolysaten nachgewiesen. Zwei Substanzen sind such Bestandteile des 
K&eearomass=aJs. Eine weitere Aufarbeitung der wassrigen Phase des Kondensat I 
musste durch vorsichtige Atherextraktion erfolgen, da beim Erw&men schnelle 
Braunfarbung eintrat. Die Aufarbeitung wurde nach folgendem Schema durchgefiihrt : 

Kondensat Z 

I 
48 h Ather 

I 
wassrige Phase 
Gefriertrocknung 
Sir-up (o,7%) 

I 
Atherextrakt 
(3 xmit 1 NaHCOs) 

I I 
Sauren (0,8 %) Neutralstoffe (5-6 %) 

Die wgssrige Phase ergab nach dem Einengen durch Gefriertrocknung einen 
gelben Sirup (0,7% bezogen auf D-Glucose), der, wie sich diinnschichtchromato- 
graphisch zeigen l&St, iiberwiegend aus r,6-Anhydro+?-D-glucopyranose neben sehr 
wenig 5-Hydroxymethylfurfurol besteht. 

Aus dem Atherextrakt liessen sich durch Ausschiitteln mit NaHCOs die folgen- 
den Carbonsauren erhalten, die durch Gaschromatographie der freien SBuren, der 
Methyl- und n-Amylester und durch Diinnschichtchromatographie der p-Brom- 
phenacylester nachgewiesen wurden: Ameisensaure 28 %, Essigs&re 64%, Propion- 
same 7 %, iso-Buttersgure <0,3 %, lz-Buttersaure <0,3 %. Die Gesamtkonzentration 
der Sauren betr&gt etwa 0,8% bezogen auf D-Glucose. In geringer Menge treten 
L~vulinsaure und Brenztraubensgure auf. 

Die Neutralfraktion des iitherextraktes enthielt mit etwa 5% die Hauptmenge 
der organischen Substanz. Sie riecht charakteristisch nach Caramel und zeigt eine 
intensiv violette Fe&-Reaktion, was auf die Anwesenheit von Malt01 hindeutet. 
Durch vorsichtige Destillation im Vakuum bis 50” lassen sich Destillate gewinnen, 
die Furfurol, a-Acetylfuran, 5-Methylfurfurol, und Cyclopenten-2-on-r als Haupt- 
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gewahlten Bedingnngen 47-40x als schwarzbrauner Zersetzungsriickstand; 45-48x 
der eingesetzten Menge werden in den Kondensaten I, II, und III als fltichtige Ver- 
bindungen aufgefangen. Die nicht-kondensierbaren Gase COs, CO, CH4 usw. werden 
mit dieser Versuchsanordnung nicht erfasst. Bryce und Greenwood6 haben D-Glucose 
18 Stunden im Vakuum bei 300” erhitat und erhielten einen Rfickstand von 20% und 
damit einen wesentlich hijheren Anteil an fliichtigen Stoffen. 

Das Hauptprodukt des thermischen Abbaus ist mit etwa 40% durch Dehydra- 
tisierungsreaktionen gebildetes Wasser. Unter den organischen Verbindungen im 

Pyrolysedestillat ist 1,4:3,6-Dianhydro-D-glucopyranose (etwa 2 ;A) mengenmassig 
am stiirksten vertreten, es folgen r,6-Anhydro-p-D-glucopyranose (etwa 0,5-I,o%) 

dann ist nur noch Furfurol in vergleichbarer Menge vorhanden. Fiir die Bildung der 
beiden Anhydroglucopyranosen ist eine direkte Dehydratisierung der monomeren 
n-Giucose anzunehmen. 

Das Kondensat III, welches die leichtfliichtigen Substanzen enthalt, ist am 
Gesamtpyrolysat nur mit 0,3 % beteiligt, die Einzelkomponenten liegen also in 
Konzentrationen unter O,I % 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 III ein komplexes Gemisch 
der verschiedensten Stoffe. 

Mengenmassig und zahlenmgssig vorherrschende Substanzklasse des Kondensats 
III sind die Furane, von denen 20 verschieden substituierte Verbindungen identifiziert 
werden konnten. Mengenmassig folgten als nachstes Diketone und Ketone, die 
starker als Aldehyde vertreten sind. Klein ist der Anteil der aromatischen Kohlen- 
wasserstoffe, er steigt bei Erhijhung der Pyrolysetemperatur stark an. 

Innerhalb jeder Substanzklasse ist die Verteilung der Produkte stets so, dass die 
thermisch stabilen Anfangsglieder einer Reihe in grijsserer 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, 
wahrend Hexanone nur in Spuren vorhanden sind. Entsprechend iiberwiegt Acetal- 
dehyd vor Propionaldehyd und Butyraldehyd. Auch Butandion-a,3 ist in grosserer 
Menge vorhanden als Pentandion-2,3; Benz01 und Toluol verhalten sich entsprechend. 
Eine derartige Produkten-Verteilung deutet darauf hin, dass die Bildung dieser 
Substanzen des Kondensats III durch tbermische Spaltung bereits gebildeter oligo- 
merer und nicht aus monomeren Zersetzungsprodukten erfolgt, da bei dieser Bildungs- 
weise kleine Bruchstiicke statistisch bevorzngt sind. 

Besonderheiten in der Produktenverteilung zeigen z,5-substituierte Furane und 
Furane mit ungesattigten 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. 
Ungesattigte Furane und Carbonylverbindungen dtirften 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 Pyrolysezeitabhangigkeit wurde gefunden bei a-Vinylfuran (Nr. 35)_ 
Pentadien-r,3-al-5 (Nr_ 54). a-Methyl-5-vinylfuran (Nr. 59, a-Isopropenylfuran 
(Nr. 56), cis-&an.+%Propenylfuran (Nr. 63/64), und Furfurol (Nr. 79) Diese unge- 
sattigten Verbindungen treten im Gaschromatogramm eines nach 30 Min. Pyrolysezeit 
erhaltenen Kondensats III stark hervor. (Abb. z.)In Kondensaten, die nach qstiindigem 
Erhitzen gewonnen wurden, hat ihre Menge erheblich abgenommen (vgl. Abb. I). 
Umgekehrt sind Aceton (Nr. 4), Butanon- (Nr. 13), 3-IMethyl-butanon- (Nr. 17), 

2-Methyl-5-Bthylfuran (Nr. 41), 2,3,5-Trimethylfuran @Jr. 47), und 2-Methyl-5- 
n-propylfuran (Nr. 58) bei der Kurzzeitpyrolyse nur in geringer Menge vorhanden. 
Ihr Anteil steigt bei langerem Erhitzen stark an, 3-Methyl-butanon-z (Nr. 17) und 
a-Methyl-5-n-propylfuran (Nr. 58) treten dann neu auf. 

Der Gehalt an Benz01 (Nr. 18) und anderen aromatischen Kohlenwasserstoffen 
ist weniger von der Pyrolysezeit als von der Pyrolysetemperatur abhangig. Benz01 ist 
bereits im Kurzzeitpyrolysat enthalten und nimmt such 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 XyloIe Hauptkomponenten des Pyrolysats werden. Die Vinylfurane und Furfurol 

sind unter diesen Bedingungen nur in geringer Menge vorhanden, Pentadien-r,3- 
al-5 fehlt viillig. 

Die Untersuchungen iiber die Pyrolysezeitabh2ngigkeit lassen erkennen, dass 
ungesattigte Verbindungen wie a-Vinylfuran, Pentadien-r,3-al-5 und a-Methyl-5- 
vinylfuran bereits in der Primarphase des Abbaus der D-Glucose entstehen, wobei die 
Bevorzugung des 2-Methyl-5-vinylfurans besonders hervorzuheben ist. Die letztere 
Verbindung hat mehr als 6 C-Atome und kann somit nicht aus monomerer D-Glucose 
enstehen. Es scheint daher verntinftig, zwei generell unterschiedliche Wege der 
Wasserabspaltung anzunehmen. Der eine Weg ftihrt vomMonomeren zur I ,6-Anhydro- 
fl-D-glucopyranose und r,4:3,6-Dianhydro-D-glucopyranose; der andere Weg ist 
eine dehydratisierende Polymerisation unter mijglicher 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 III weist darauf hin, 
dass im Polymerkiirper der Furanring als Bauelement eine wichtige Rolle spielen 
sollte. Die grosse Zahl der nachgewiesenen 2,5-substituierten Furane deutet auf eine 
vorherrschende 2,5-Verkntipfung hin neben einer 3-Verkntipfung, 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 such ungesgttigte Furane und Furfurol, aber kein Pentadien-r,3-al-5 nach- 
weisbar sind. 

Cmbohydrate Res., z (1966) 132~-149 
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Mit den hier geschilderten Untersuchungen wnrden somit erstmalig experimen- 
telle Befunde erhalten, die Hinweise auf die miigliche Entstehung und die Struktur des 
beim Erhitzen von D-Glucose gebildeten Polymerkorpers geben. 

EXPERKMENTELLER TEIL i 

Ausfiihung der Pyrolyse 

D-Glucose (Merck DAB 6), bei go” i.Vak. getrocknet, wird mit grobkornigem 
Quarzsand I:I~ vermischt und in so-cm lange, 2-cm weite Pyrolyserohre eingefilllt. 
Glaswollepfropfen vor und hinter der Zersetzungszone sorgen fiir eine feste Fiillung. 
Das Pyrolyserohr wird in starkwandige Metallhilllen eingepasst, mit nachgereinigtem 
Stickstoff (OS<O,OOI %) ausgespiilt und in den auf 300“ vorgeheizten Ofen geschoben. 
Gleichzeitig wird die Heizpatrone H (60 W/22oV) eingeschaltet und die Verbindungzu 
den Kiihlfallen hergestellt (vgl. Abb. 3). Die Heizpatrone H ist so in das Rohr ein- 

KondensatI KOndenSatli Kondensatlll 

Abb. 3. Pyrolyse-Apparatur. H, Heizpatrone; T, Thcrmoelemente; K, Kiihler (60’). 

gefiigt, dass der Stickstoff durch die Patrone hindurchstriimt und dabei auf 300” 
vorgeheizt wird. Die Metallhiillen sorgen beim Einfi_ihren des Zersetzungsrohres 
fib- einen reproduzierbaren Temperaturanstieg der Rohrwand, die Vorheizung des 
Stickstoffes fur ein moglichst geringes Temperaturgefalle im Innern des Rohres. Die 
Temperaturmessung erfolgte durch Thermoelemente (Isabellin-Konstantan) an der 
Rohrwand und im Stickstoffstrom hinter der Heizpatrone. Die Stromungsgeschwindig- 
keit des Stickstoffs wurde auf 150 mI/min eingestellt. 

Gut reproduzierbare Ergebnisse erhalt man nur mit kleinen Mengen. Es 
k&men 6 cm-Rohre und ein Mischungsverhaltnis D-Glucose : Quarzsand von 1:6 

benutzt werden, wenn innerhalb des Rohres durch Schichten aus Glaswolle mehrere 
gleichmassig gepackte Zersetznngszonen geschaffen werden, da sonst Verstopfen 
und Platzen des Rohres eintritt. Das so erhaltene Kondensat ist qualitativ ahnlich 
wie das bei kleinen Mengen erhaltene Pyrolysat, zeigt jedoch quantitative Differenzen. 

Carbohydrate Rex, 2 (I 966) I 32-149 
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Wird nur die Gewinnung einer grosseren Menge des Kondensats angestrebt, SO 
kiinnen grijssere Mengen D-Glucose zersetzt werden. 

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

GerEte und S&den 
Fiir analytische Trennungen wurde ein Perkin-Elmer-Fraktometer F6/4HF mit 

Flammenionisationsdetektor benutzt, Tragergase : Helium und nachgereinigter 
Stickstoff. Fiiter aus Aktivkohle oder Molekularsieb 5 A (Merck) verhinderten, dass 
Staub und 61 aus den Vorratsflaschen auf die Saule oder in den Detektor gelangen. 

Die Tragergasgeschwindigkeit betrug fur gepackte zm-Saulen (4,65 mm i-D.) 
60 ml/min, fur 50 m-Kapillarsaulen (0,25 mm i.D.) I,O ml/min bei einem Teilungs- 
verhaltnis von I: IOO. Die Temperatur des Einspeisblocks betrug 230”, die Temperatur 
der Ausgangsleitungen 220~ und die des Detektorblocks 250~. 

Praparative Trennungen wurden mit einem F & M-Mode11 770 ausgefiihrt. 
Trggergas war Helium oder ein Gasgemisch (20% Helium, 80% Stickstoff); die 
Stromungsgeschwindigkeit betrug 6oo-900 ml/r& bei den 3/4’-Sgulen, und 60 ml/min 
bei den r/4”-Sgulen. Die Temperatur des Einspeisblccks 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 Szulen sind in Tab. IT angegeben. 

Auswah! geeigneter Sc?trle~l.Go~nbinatioile,t 

Acetaldehyd, Aceton, Butandion-2,3, Benzol, und Furan sind Vertreter der im 
Kondensat III auftretenden 5 Stoffklassen und daher ein repr%entatives Testgemisch 
zur Priifung von SBulenkombinationen. StationPre Phasen, die eine dieser Test- 
substanzen selektiv abtrennen, werden such deren hiihere Homologen abtrennen. 
Die dann vorliegenden Homologengemische sind an Kapillarsaulen vollstandig 
trennbar und fiber Massenspektren und ,, syringe-reactions ” sicher zuzuordnen. 

Von 16 untersuchten Phasen erwiesen sich zur Saulenbelegung die station&en 
Phasen, A, B, C als besonders geeignet. An den Saulen Aa, Ba, C, unterscheiden sich 
die absoluten Retentionszeiten t der 5 Testsubstanzen betrzchtlich (Tab. III), z.B. 
besitzt Butandion-2,3 an der Saule Ca eine extrem hohe Retentionszeit. Die relativen 
Retentionszeiten trr 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 Saule Aa nicht von Aceton 
getrennt, auf Sgule Ba erscheint es zwischen Acetaldehyd und Aceton,und auf SHule Ca 
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noch vor Acetaldehyd. &nlich verschiebt sich Benzol, das auf SZule Aa als letzte 
Substanz und auf S&le Ca vor Aceton austritt. Da innerhalb eirier homologen Reihe 
die Retentionszeit vom Siedepunkt abhkgt, kann durch Kombiktion dieser 3 Sklen 
eine vollstZindige Trenmmg der Furane und -aromatischen Kohlenwasserstoffe von 
den Carbonylverbindungen erreicht werden. 

TABELLE II 

OASCHFCOhiATOGRAPHISCHE Si+hLJ3 

TYP= Stationiire Phase Liinge i.D, Max. Temp., Anwenakng 
m?n “C 

G 

CP 

BP 

Ak 

DP 

PolypropyIenglykol 
(Icon LB-550X) 
15 % auf Celite 545 

Trikresylphosphat 
15% auf Diatoport W, 

&9’-Oxydipropionitril 
15% auf Diatoport W, 

F/3’-Oxydipropionitril 
20% auf Diatoport W 

Trikresylphosphat 
20% auf Diatoport W 

Polypropylenglykol 
(Ucon LB-550X) 

Di-iso-decylphthalat 
20:/o auf Diatoport W 

DiZthylbexylsebacinat 
+ Sebacinsfure 
20% auf Celite 545 

Silikongummi SE 52 
5 % auf Celite 545 

2m 4965 175 

2m 

2m 

8 ft 

8 ft 

50 m 

4,65 I25 

4,65 75 

16 75 

16 I25 

0.25 175 

8 ft 

2m 

2.117 

I6 175 

4965 150 

4,65 300 

Vorversuche zur prapara- 
tiven Trennung 

Vorversuche zur prapara- 
liven Trennung 

Vorversuche zur prspara- 
tiven Trennung 

Praparative Vortrennung 
Kondensat III 

Prlparative Vortrennung 
Kondensat III 

Analytische SIule ftir alle 
Untersuchungen am 
Kondensat III, der 
wasserdampfhiichtigen 
Stoffe im Kondensat I, 
Methyl- u. Amylester von 
Carbonsauren, 
Trimethylsilyl2ther 

Praparative Vortrennung 
der wasserdampEhichtigen 
Stoffe aus Kondensat I 

Carbonsluren Cl-C6 

TrimethylsilylFtther, 
direkte Untersuchung 
Kondensat I, u.a. 
Bestimmung 
Dianhydro-o-glucopyraranose, 
5-Hydroxymethylfurfurol 

aIndex a : gepackte, analytische SBule; p : gepackte pmparative SBule; k : Kapillarslule. 
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PrE?para five Trennungen 
Nach -Festiegung der optimalen Trennbedingungen durch Vorversuche mit 

dem Kondensat III/500° wurde das Kondensat III in mijglichst eng geschnittene 
Fraktionen zerlegt. 7 Fraktionen an der S5uIe C, enthiehen die niedrig siedenden 
Bestandteiie. Die iibrigen Komponenten wurden auf der S&rIe BP in 14 Fraktionen 
zerlegt. Au& Spurenbestandteile wurden mit der S%rlenkombination selektiv 
abgetrennt und liessen sich sicher nachweisen. Wie gut die Trennung durch SUen- 
kombination gel&t, zeigt Abb. 4 am Beispiel der Fraktion 2 und 3 der prsparativen- 
Vortrenmmg an BP. 

23 

17 

29 AIL! ---25 

Fraction 2 
’ : 
i i: 
: : 

i . i 21 
:i 
ii 
i; 
ii 
ii 
L : 
i ; 

rni” 15 -5 0 

Abb. 4_ Garth-‘zmatogramm Fraktion 2 und 3 der Vortrennung an SIule C,. Slule: Ak; SBUlen- 
temperatur: 50”; Probenmenge: 0,2 pl. 

TABELLE III 

RE’l-ENl-IONSZEITVERSCHlEBUNGEN AN BESONDERS SELEKTIVEN STATIONAREN PHASEN= 

Siiule Aa Siiule Ba &Me Ca 

t tr t tr t tr 

AcetaIdehyd ro,5 r,o r5,o r,o 62,s r,o 
Furan 2995 a,80 25s 1370 54*o 0,86 
Aceton 2935 &SO 44,o 2*94 17830 2,Ss 
DiacetyI 8195 7.75 r r&5 7375 49590 7195 
Benz01 r x4,5 ro,9o 116s 7.75 r59,o 2S4 

UFraktometer F6/4 mit Hitzdrahtdetektor; Siulentemperatur, 50”; Probenmenge, I ~1. 

Im Gaschromatogramm des Gesamt-Kondensats III (vgl. Abb. I und 2) werden 
3-Methylbuten-3-on-2 (Nr. 21); Pentanon- (Nr. 22); Pentanon- (Nr. 26); 2-Athyl- 
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furan (Nr. 23); 2,&Dimethylfuran (Nr. -25); Crotonaldehyd (Nr. 24), ein noch 
unbekanntes isomeres Furan (Nr. 29) und eine Reihe von Spurenbestandteilen nur 
unvollkommen getrennt. Durch die Selektivitat der Trenns%tle BP gelingt jedoch die 
vollst&idige Abtrennung -der Furane Nr. 23, 25, und 29. in. Fraktion 2, van den 
Carbonylverbindungen Nr. 21,22, und 25 in Fraktion 3. Crotonaldehyd (Nr. 24) wird 
als ungeslttigte Verbindung starker zurtickgehalten und erscheint in der 4. Fraktion 
der Vortrennung. Das dem Pentanon-2 und Pentanon- .isomere 3-Methylbutanon-2 
(Nr. 17) tritt wegen seines niedrigeren Siedepunktes bereits in der Fraktion 2 zusammen 
mit dem Furanen auf. 

Verbindung t’on Gaschromatographie und Massenspektrometrie 
Der Ausgang der Kapillarslule und der Einlassteil EC2 eines CH Massen- 

spektrometers (Atlas-Werke) wurden durch ein r2o-cm langes, indirekt beheiztes 
Kapillarrohr verbunden. Der Einlassteil EC2 am Massenspektrometer besteht aus 
einer auf wenige p Innendurchmesser ausgezogenen, am oberen Ende plangeschliffenen 
Glaskapihare, von der ein beheizbares Rohr zur Ionenquelle ftilu-t.~ Die Verbindungs- 
kapillare vom Gaschromatographen her endet ebenfalls in der Mitte einer planen 
F&he. Beide F&hen werden fest und miiglichst zentrisch gegeneinander gepresst. 
Bei schnellem Massendurchlauf (maximal I Massenoktave/o,6 set) wurden die Massen- 
spektren iiber einen UV-Lichtpur$tschreiber (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 vollstandig getrennten leicht- 
fliichtigen Substanzen kijnnen noch getrennte Massenspektren erhalten werden, wenn 
der Unterschied in der Retentionszeit 5 bis LO set betragt. Hiiher siedende Stoffe, 
vor allem polare Verbindungen wie z.B. 5-Methylfurfurol werden in den Zuleitungen 
zur Ionenquelle festgehalten und werden haufig such dann noch im Massenspektro- 
meter angezeigt, wenn bereits lgngere Zeit keine Substanz mehr aus der gaschromato- 
graph&hen Sihile austritt. 

Die quantitative Reproduzierbarkeit der Massenspektren ist bei kurzen Me& 
zeiten recht mangelhaft, weil durch den steilen Anstieg und Abfall der gaschromato- 
graphischen Peaks die Konzentration der ins Massenspektrometer eintretenden 
Stoffe sich wahrend der Messung andert. Die gaschromatographische Trennung 
wurde daher bei miiglichst niedriger Sgulentemperatur ausgefiihrt, bei der die Peak- 
breite gross ist. 

Azisfiihnrng der ,, Syringe-reactions ” 
I-IO pl des zu untersuchenden Gemisches werden in einen mit Serumkappe 

verschlossenen, mit nachgereinigtem Stickstoff gefiillten IOO 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 enthglt 20-100 ,LLI einer Reagenzlosung. Durch mehrfaches Hin- und 
Herpumpen wird der Dampf mit dem Reagenz in Beriihrung gebracht und der Rest- 
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dampf gaschromatographisch untersucht. Bei hoher siedenden Stoffgemischen werden 
Vorratsbehaher und Spritzen im IZOO he&en Trockenschrank erwgrmt. Auf diese 
Weise lassen sich Stoffe niitSiedepunkten bis zu 179 noch gut untersuchen. 

Die Reagenzlijsungen wurden nach Hoff und Feitls hergestellt. Bewghrt haben 
sich : Hz0 zur Entfernung wasserlSslicher Stoffe; Hjrdroxylaminhydrochloridliisung 

zur Entfemung von Carbonylverbiudungen; KMnOe-Liisung zur Oxydation von 
Alkoholen und Aldehyden zu Ketonen; NaBHa-Liisung zur Hydrierung van Carbonyl- 

verbindungen zu Alkoholen; H&04-Hz0 7:3 zur Entfernung ungesattigter Kohlen- 
wasserstoffe und teilweise Entfernung von Furanen; HsS04 konz. zur Entfemung 
aller Verbindungen bis auf gesgttigte Kohlenwasserstoffe; PtOs/Hs/HsO zurHydrierung 
unges%tigter KohIenwasserstoffe. Die Umsetzung zu gaschromatographisch trennba- 
ren Verbindungen, wie im Falle der Hydrierung mit NaBHa oder PtOs/Hs, wird bei 
unbekannten Stoffen erst wertvoll durch die Verkniipfung der Gaschromatographie 
mit der Massenspektrometrie. 

Darstellung des 2-Methyl-5-n-propenyljuran 

IO g 3-(s-Methylfmyl-2)-2-methyl-acrylsHure wird bei 25o-270~ am RUcfh~ss 
erhitzt. ,Das iiberdestillierende Furan wird mit verd. NaHCOs-L6sung und mit 

Wasser gewaschen, fiber NasSO4 getrocknet und rektieiert. Ausbeute 2,3 g (31x), 
Kp76a = 155.160~ cis- und trans-\rerbindung wurden gaschromatographisch getrennt. 
Das cis-2-Methy&n-propenylfuran besitzt die kiirzere Retentionszeit und unter- 
scheidet sich im IR-Spektrum durch 2 charakteristische Banden bei 1385 und 788 
cm-l von der trans-Verbindung, bei der diese Banden fehlen, und 2 Banden bei 1290 
und 965 cm-l auftreten. 2-Methyl-5-vinyLran und a-n-Propenylfuran, welche 
bereits bekannt sind, wurden zweckm%sigerweise analog durch Decarboxylierung 
von 3-(5-Methylfuryl-2)acrylsaure bzw. 2-Methyl-3-(furyl-2)acrylsaure hergestellt. 

ZUSAMMENFASSUNG 

Die durch Erhitzen von D-Glucose auf 300” erhaltenen fliichtigen Pyrolyse- 
produkte wurden untersucht. 1,4:3,6-Dianhydro-D-glucopyranose ist das Haupt- 
produkt. Die leichtfiiichtigen Verbindungen wurden durch wiederholte gaschromato- 
graphische Trennung vollsttindig zerlegt. Mit Hilfe der Massenspektrometrie, der 
,, syringe-reaction ” und durch Vergleich mit Testsubstanzen liessen sich 56 Verbin- 
dungen identifizieren. Als Abbauprodukte entstehen hauptsachlich Furanderivate 
sowie Aldehyde, Ketone, Diketone und aromatische Kohlenwasserstoffe. Siebzehn 
verschieden substituierte Furane, einige ungesgttigte Carbonylverbindungen und eine 
Reihe aromatischer Kohlenwasserstoffe wurden erstmals bei Kohlenhydratpyrolysen 
aufgefunden. Zu BcgiM der Pyrolyse treten als charakteristische Zersetzungsprodukte 
Vinylfurane, Pentadien-x,gal-5, und Furfurol auf. Ein Teil der gefundenen Furane, 
wie z.B. 2-Methyl-5-viny&u-an enthalten mehr als 6 Gatome. Dies spricht dafiir, dass 
Furane nicht aus monomerer D-Glucose, sondern durch Fragmentierung von Poly- 
meren entstehen. 
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SUMMARY 

Volatile products from the thermal degradation of D-glucose at 300~ were 
analysed. 1,4:3,6-Dianhydro-D-glucopyranose is the main product. The most-volatile 
compounds were separated by repeated gas-liquid chromatography. Fifty-six 
compounds were identified by mass spectrometry, “syringe-reactions”, and compar- 
ison with-synthetic, standard substances. Furans are formed as the principal decom- 
position products, along with aldehydes, ketones, diketones, and aromatic hydro- 
carbons. Seventeen alkylfurans, some unsaturated, carbonyl-containing compounds, 
and some aromatic hydrocarbons were isolated for the first time from carbohydrate 
pyrolysis. Typical degradation products at the start of pyrolysis are vinylfurans, 
penta-r&dien+al, and furfural. Some compounds containing more than 6 C-atoms 
(for instance, 2-methyl-+vinylfuran) were found. This suggests that furans are 
formed not from D-glucose itself, but by fragmentation of polymers. 
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Chondroitin 4-sulfate was isolated from bovine cartilage powder, obtained 
from Wilson Laboratories, Chicago, Illinois. The powder was stirred with IO parts 
of 0.05 N NaOH (w/v) at 4” for 2 days and the mixture centrifuged. The supernatant 
fraction was neutralized with acetic acid and thrichloroacetic acid was added until a 
concentration of 4% was reached. After being kept for 30 min at room temperature, 
the mixture was centrifuged. 

In order to purify the polysaccharide, I g of Darco G-60 was added per 3 g of 
starting material. The relatively small amounts of polysaccharide adsorbed by 
charcoal were eluted by treating the charcoal at 4” for 4 or 5 h with 30% ethanol 
containing 0.5% NH40H. The charcoal supernatants and eluates were dialyzed and 
purified further by means of chromatography on Dowex-I. 

Anal.: Uranic acid, 29.0%; hexosamine, 24.5%; N, 2. I %. 

Dermatan sulfate was isolated from heparin by-products (obtained through 
the courtesy of the late Dr. A. Winterstein, Hoffmann-La Roche, Basel., Switzerland, 
and Dr. H. H. R. Weber, Wilson Laboratories, Chicago, Illinois) by use of a copper 
precipitation methodls, using two precipitations for the final product. A low color 
yield is normally obtained in the cronic acid estimation of dermatan sulfate when using 

the carbazole methodlg. 

Anal.: Uranic acid, 14.6%; hexosamine, 29.8%; N, 2.4%. 
Chondroitin 6-sulfate obtained from shark cartilage was a product of the 

Kaken-Yaks Kako Co., Ltd., Tokyo, Japan, and used without further purification. 
Anal.: Uranic acid, 31.0%; :lexosamine, 28.3%; N, 2.5%. 

Keratosulfate was isolated from human nucleus pulposus. The .,lcetone-dried 
tissue was digested with papain and the extract, kindly provided by Dr. A. Saunders. 
purified by use of charcoal and chromatography on Dowex-I. 

Anal.: Uranic acid, 1.4%; c;lrbohydrate, 22.7%; hexosamine, 22.8’:<; N. 2.h’:;. 

Heparin and heparitin sulf,ate were generously supplied by Dr. L. L. Coleman 
of the Upjohn Co., Kalamazoo, ‘Michigan, and Dr. H. H. R. Weber, Wilson Labora- 
tories, Chicago, Illinois. and were: purified by the use of cetylpyridinium chloride and 
fractionation on Dowex-r as desl:ribed previouslys. High color yields fclr uranic acid 
estimations by the carbazole m&hod are normally obtained for both heparin and 
heparitin sulfate. 

Anal.: Uranic acid, 38.3%: hexosamine, 22. I %; total sulfate, 28.1%; N. 1.8%. 
Heparitin sulfate: Uranic acid, ~9.6%; hexosamine, 23.9%; N, 2.05%; total sulfate, 
14.0”,; N-sulfate, 7.4%. 

N-Acetylheparin was prepared from 600 mg of heparin which had been 
desulfated by heating in 0.04 N IICl (IOO ml) for IOO min. After adjusting the pH to 
8.0 by addition of I N NaOH, acetic anhydride (1.0 ml) and satura!:cd NaHCOs 
(5 ml) were added and the soluiion stirred occasionally over a 3o-min period. The 
pH was again adjusted to 8.0-8.5 and the acetylation procedure r,epeated with 
half the quantities of acetic anh!.dride and NaHCOs. Finally, the soluiion was con- 
centrated in a flash evaporator 3t 35” and the N-acetylated heparin (550 mg) was 
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@pitated by the addition of 3 vol. of alcohol, The nitrous acid-indole reaction14 
indicated complete IV-acetylation. 

Anal‘: Uranic acid, 29.8%; hexosamine, 22.8%; N, 1.6%; sulfate, 19.4%. 

Pnrpzuarl~ of oligosucchurides 
Oligrrsaccharides from chondroitin 4-sulfate and chondroitin Icsalfate were 

&Mkd rnfter exhaustive digestion with testicular hyaluronidases0 and purifmttion 
a~1 %p&adex or Iiowex-lt columns. An oligosaccharide preparation From chondroitin 
4+tdfate, which had been fractionated on a Sephadex G-25 column, was kindly 
pmtided by Dr. A. Saunders. 

An&.: Uranic acid, 35.2%; hexosamine, 28.0%; reducing sugar, 11.4%. 
The products of chondroitin &sulfate digestion were fractionated on a Dowex-r 

e&~&n, The material eluted with I .o and I .5 M LiCl was concentrated and precipitated 
with 4 vol. of ethanol. 

A&.: Uranic acid, 36.8 % ; hexosamine, 30.0%; IV-acetylhexosamine, 16.5 %_ 
NmAcertylchondrosine was prepared by hydrolysing of chondroitin 4-sulfate with 

1 H HCII for 2 h, adsorption of the chondrosine on charcoal, washing the adsorbent 
SW& times with water to remove acid and free hexosamine, and eluting of the 
chandrosinc with hot 30% ethanol. Acetylation was performed directly on the 
Amhcrl eluate by the addition of acetic anhydride and NaHC& as described for 
P&mtyihcparin. 

And.: Uranic acid, 36.3 %; hexosamine, 30.8 %; IV-acetylhexosamine, 3 1.0%. 

?fy&olysis conditions 
The: conditions used for determining the hydrolysis of mucopolysaccharides 

OS illustrated in Figs. I and 2 were as follows: solutions (0. I %) of the substances in 
OXI? to 0.2 N NC1 were heated in screw cap tubes with Teflon liners. After heating 

PQ t Hcrk~e of reducing groups during hydrolysis of mucopolysaccharides. Values are expressed 
rrr~ Wstim of reducing sugar to total hexosamine content. Conditions of hydroiyris a5 dzscriki m 

$%#uM#HTAL. Ahbroviations: HS, heparitin sulfate; AcHep, IV-acetyibeparin; KS, keratan sulfate; 
C,?M, derninlan sulfate; HA, hyaluronic acid; CS-C, chondroitin f&sulfate. 



for 1 b, the hydrolyzates were co&d under tap water and neutralized by ‘the addition 
of eqtivaknt zmaunts of NB&OJ, AnaXyses were carried out on the neutralized 
solutions. 

rlll,.*..l.l.-l I.., , .,,,,,,,,,,.,,, c!j..c 

.,,,,,,,,,,.,, . . . . . . ..-*~HA 

Fig. 2. Liberation of hexosamine reducitg units determined by the Morgan-Ebon reaction after 
hydrolysis of mucopolysaccharides as de&bed in EXPERIMENTAL. Values are cxpressc~i as ratios or 
N-acetyihexosamine to total hexaramiac: content. The solid line refers to results abtainecl after 
acetylatian of the hydrotyzates as describ~:cl by Dewy and McAllanla, and the broken lines represent 
values obtained by direct analysis af the hydralyzates, For abbreviatioas, see Fig. I, 

Following hydrolysis of mucopoiysaccharides with 0.04 M MCI, ?ree amino 

groups were estimated (Fig. 3) as described by Foster et aP2. One ml of o.o4 N hydro- 

Fig. 3, ReIease of free amino e~roups from bexosamine during hydrolysis of t’mlcopolysaccharides 
with 0.04 N WC3 for periods up to 2 h. E;stimation af the liberated amino groups was accomplished 
by application afthe X-Buoro-2,4-clinitrobenzene method q All rf%Wlts were related to heparin used as 
a standard. For abbreviations, 51% Fig. I ; CS-A, cbondroitin &sulfate. 
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chloric acid containing x mg of mucopolysaccharides in a IO ml volnmetric fiask WM 
heated for go min in a boiling water bath. To the cooled solution 0.4 ml at +aturatcd 
WaHCO3 solution, o. I ml of z-fluoro-z,4-dinitrobenzene and I .5 ml of ethanol. wcro 
added. The mixture was shaken vigorously for 4 h and then extracted twice with ether 
to remove excess x-fluoro-2,4dinitrobenzcne reagent. After being acidified with I .o N 

NCI, the sohttion was again extracted with ether and diluted to IO ml with MUX. The 
optica den&& at 355 rnp of the reaction products were compared with that from a 
st;andard heparin preparation. 

or1 firtrat1on 

Wydrolyzates of mucopolysaccharides were obtained by heating 8o-100 mg of 
mucopolysaccharidesin 2gml of a.04 N NC1 for 4h. After beingcoaled, the hydrafmw 
wer@ neutralized with I u NaQH, concentrated to 2 ml and applied to a I. I x mo cm 

wlumn of Sephadex G-25 (3o-80 microns, beaded form). Elution was carried out 
with 1 N NaCl. Fractions of 3 ml were collected at 3c-min intervals and, after analysis 
for uranic acid content, were pooled as indicated in Fig. 5. Results of the analyses of 
the pooled material. are shown in Table I. 

F&urn I illustrates the release of reducing groups, as determined by the alkahne- 
f&cyanide method ae, after hydrolysis of mucopolysaccharides at KXP for I h with 
o.oz to 0.2 N HCI, The mucopolysaccharides, hyaluronic acid, chondroitin 6-sulfa&z, 
dcrmatsn sulfate, and keratan sulfate, in which the 2-amino-2-deoxyhexopyranwyl 
n?riidues are @a-linked appear to be cleaved to appreciable cxteats (approximately 
nvcragc disaccharide length with 0.2 N HCl), whereas the mucopolysaccharidtv 
having z-Minked residues, iV-acetylheparin ;.nd heparitin sulfate. are much more 
resistant to hydrolysis. Separate experiments with chondroitin 4-sulfate indicate 
that hydrolysis of this substance parallels that of chondroitin 6-sulfate and hydrolyis 
of hcparin is similar to that of heparitin sAlfate. 

Appraisal of the actual extent of hydrolysis, however, must take note of tht: 
kct that partial degradation of oligosaccharides may occur under the alkalirxt: 
conditions of the reducing sugar method. This degradation km-eases as the oligo- 
wcchnride sire decreases and is most pronounced with (143) linked reducing unir.9. 
When the alkaline-ferricyanide method is applied to PI-acetylchondror+ine, N-atxrgil- 
Iry&&Monic acid, and turanose,reducing values are obtained which indicate extensive 
clcnvage of the (I 43) linkages, whereas maltose and melibiose wl&h contain I A- and 
r&linkcd units, respectively, have been found to give reducing values only one-third 
or less above theoretical. Considered on this basis, the results shown in fig. I s 
bt? aakcn to indicate that the hydrolysis products obtained are larger than su~cst& 
!3~ !he reducing-sugar data. This is borne out by fractionation of the hydrolyzati 
by $61 filtration on Sephadex G-25 as described later. 
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z-Amino-%deoxyglucoside bond cleavage 
An additional approach for evaluating the extent of the a-amino-2-deoxy-/I-D- 

hexopyranosyl bond cleavage in mucopolysaccharides was based on the formation 
of hexosamine reducing groups during hydrolysis. Figure 2 shows the N-acetyl- 
hexosamine values obtained after hydrolysis of mucopolysaccharides as described 
under “hydrolysis conditions”. The broken lines refer to the results of the Morgan- 
Elson reaction carried out directly on the hydrolyzate and the solid lines represent 
the results found with the same method applied after acetylation as described by Levvy 
and McAllanls. The latter technique measures both hexosamine and N-acetylated 
hexosamine reducing units present after hydrolysis while the former measures only 
acetylated hexosamine. Disaccharides from the B-band a-L-linked mucopolysaccharides 
have been found to give color yields in the Morgan-Elson reaction equivalent to 
8o_goo/, of those obtained with standard 2-acetamido-z-deoxyglucose. On this basis, 
the data in Fig. 2 indicate that up to one-third of the hexosamine reducing end groups 
are deacetylated after hydrolysis with 0.2 N acid for I h. 

Factors which affect the estimation of a-amino-z-deoxyglucoside bond cleavage 
by the Morgan-Elson method include the extent of both monosaccharide formation 
and desulfation during hydrolysis. Substitution by sulfate at C-4 of the &amino-z- 
deoxygalactose unit in chondroitin +sulfate and dermatan sulfate causes inhibition 
of color production in the calorimetric reaction 9.24. Consequently, the presence of 
sulfated oligosaccharides in hydrolyzates of these mucopolysaccharides results in 
decreased ratios of N-acetylhexosamine to reducing sugar. A similar decreased ratio 
results from the formation of free 2-acetamido+deoxygalactose, since this amino 
sugar yields only a third the color obtained from an equivalent amount of 2-acetamido- 
2-deoxyglucose used as a standard in the Morgan-Elson method. A comparison of 
the relatively low IV-acetylhexosamine values with the reducing sugar values for 
dermatan sulfate, as noted in Figs. J and 2, suggests that this factor is of significance 
in the estimation of hexosaminidic bond cleavage for this mucopolysaccharide. 

Keratan sulfate, which is reported to contain O-galactosyl-( I--+-4)z-acetamido- 
2-deoxyglucose linka~es25, produces oligosaccharides which are not expected to react 
in the N-acetylhexosamine method. The findings in Fig. 2, therefore, indicate the 
extent of monosaccharide formation from keratan sulfate. Approximately one-third 
of the keratan sulfate is cleaved to monosaccharides with 0.2 N HCI. The low values 
shown in Fig. 2 for the mucopolysaccharides with X-D-linked residues conform with 
their relative resistance to acid hydrolysis and to the formation of products which 
contain princinally uranic acid at the reducing ends. 

Deacetylatim of mucopoiysaccharides 
T?x above described methods were not applicable for estimating N-dcacetyl- 

ation of internal hexosamine units. Liberation of such amino groups ws estimated 
by reaction of the hydrolyzates with J-fluoro-2.4-dinitrobenzene”J, using heparin :IS :I 
standard or by use of the indole-nitrous acid methodl”. Figure 3 shows the results 
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hydrolysis of mucopolysaccharidcs with 0.04 N HCI for up to 2 h, conditions used 
in the determination of N-sulfate groups of heparitin sulfate and heparin14p21. 

It is noteworthy that N-acetylheparin, though resistant to glycosidic cleavage, 
is deacetylated approximately 30% after hydrolysis for 2 h. Similar results were found 
for keratan sulfate, but hyahmmic a&$ dermatan sulfate, and chondroitin 4-sulfate 

were more resistant to deacetylaGon. The progressive release of amino groups from 
heparitin sulfati indicates that appreciable deacetylation occurs along with N- 
desulfation. 

Hydrolysis of oligosaccharides 

In order to study the course of acid hydrolysis of oligosaccharides, certain of 
these were subjected to the actiol of 0.04 N HCl for up to 6 h. Figure 4 illustrates 
the results obtained with oligosaccharides from chondroitin 4-sulfate (CSA-0), 
chondroitin d&fate (CSC-O), ar:d N-acetylated chondrosine ((3-O). 

n-Y OROLYSIS U-OURS 

Fig. 4. Hydrolysis of oligosaccharides *lth 0.04 N HCI for up to 6 h as described in EXPERIMENTAL 

The solid lines refer to reducing sugar talues and the broken ljnes represent N-awtythexosamine 
results obtained atkr acetylation. Vah es am expressed in terms of ratios to hexosamine content. 
For abbreviations see Text. 

Preparation GSA-O, obtainlxl after exhaustive digestion of chondroitin 4-sulfate 
with testicular hyaluronidase, appeared by analysis to be of average hexasaccharide 
six. As noted earlier, the presez~e of ester suIfatP at C-4 of the acetylhexosamine 
reducing unit inhibits color form; tion in the Morgan-Elson reaction. This analytical 
method therefore provides a con lenient means for determiuing the extent of desul- 
fation of CSA-0 during acid hyd *olysis. 

The results shown in Fig 4 indicate that hydrolysis of CSA-0 yields an 

approximately parallel increase of reducing sugar (solid line) and ZV-acetylhexosamine 
values (broken lines). This sugg,rts that desulfation occurs at approximately the 
same rate as giycosidic bond cleavage. After hydrolysis for 6 h the ratio of reducing 

sugar to total hexosarm ‘ne is appro &naXely I .o suggesting the formation of disaccharide 

units to a large extent. This is supported by the increase in JV-acet)-lhexosamine 
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content after hydrolysis for 6 h to two-thirds that of CS-0, considered to be IargeIy 
disaccharide in nature. Since IO% or less difference was found between the N-acetyi- 
kxosamine values obtained before or after acetylation of hydrolyzates, it is concluded 
that the primary product of hydrolysis was a desulfated and N-ace&la&d disaccharide. 

The hydrolysis of an oligosaccharide fraction from chondroitin 6-sulfate 
&XXI) is also shown in Fig. 4. The results are found to be similar to those for CSA-0, 
310 ng that disaccharide formation from this oligosaccharide occurs also under 
mii acid conditions. The extent of desulfation cannot be estimated in the same way 
us CBA-0 since the Morgan-Elson reaction is not affected by the C-6 sulfate in this 

MB!Ml~. 

Hydrolysis of N-acetylchondrosine (CS-0), the desulfated repeating unit of 
both chondroitin 4- and 6-sulfate, indicates that cleavage beyond the stage of 
dbaccharide does not readily occur. This is indicated by the results in Fig. 4 which 
show relatively small increases in reducing sugar values and essentially unchanged 
Pkcctylhcxosamine values during hydrolysis. 

aprdrsitin 4- and 6-sulfate and dermatan sulfate were hydrolyzed with 0.04 N HCI 
for 4 h and the hydrolyzates subjected to gel filtrationon Sephadex G-25 coiumns2~ 

LIPLUENT VOLUME- ml 

t ~a ri Prectionation of hydrolyzates from chondroitin 4-sulfate and dermatan sulfat 3) gel fiba~n 
*se %phnctc~ O-25. Curves shown are based on uranic acid contents. 
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The fractionation patterns obtairied from hydrolyzates of chondroitin d-sulfate and 
dermatan sulfate are shown in Efg. 5. Chondroitin S-sulfate yielded a pattern, not 
shown in Fig. 5, which was simikir to that from chondroitin +&fate. 

Analyses of the gel filtration fractions are shown in Table I. Data are given as 
molar ratios to hexosarnfne. As indicated above, N-acetylhexosamine estimations 
of chondroitin 6-sulfate fractiom. are a direct measure of molecular size, but results 
for the chondroitin 4-sulfate and dermatan sulfate products cannot be used in this 
way except when reducing end i exosamine units are totally devoid of sulfate. 

Results of the Morgan-Ehon method for chondroitin d-sulfate indicate that 
the main fractions in decreasing proportions are di-, tetra- and hexa-saccharides, 
respectively (fractions III, IV ant V of Fig. 5). Reduction with borohydride of frac- 
tions IV and III gave losses in ?exosamine contents of 44 and 91x, respectively, 
with no loss in uranic acid, in agreement with the Morgan-Elson data. The slowest 
fraction (peak I) contains almost entireiy uranic acid. When this was examined by 
paper chromatography, only su’3stances moving similar to glucuronolactone and 
glucuronic acid were noted. Fraction II showed, after paper chromatography, 
the presence of a-amino-2-de>xygaractose, 2-acetamido-a-deoxygalactose, and 
glucuronolactone. 

The fractions obtained from chondroitin a-sulfate appear similar to those from 
chondroitin &&fate except for the lower N-acetylhexosamine values which probably 
are attributable to the sulfate remaining after hydrolysis. Hydrolysis of dermatan 
sulfate produces a relatively large Proportion of free uranic acid (fraction I), amounting 
to possibly 107; of the total uronlc acid, when allowance is made for the lower color 
yield*9 of the free uranic acid corn 3ared to that bound in the oligosaccharide fractions. 
Paper chromatography showed the presence only of idurono!actone and iduronic 
acid in this fraction. 

Partial hydrolysis of mucopt*lysaccharides for the production of oligosaccharides 
has been generally carried out under relatively vigorous acidic conditions. Thus, the 
preparation of disaccharides from hyaluronic acid and chondroitin d-sulfate has been 
accomphshed by heating at 190’ in I N HCI for several ha*5. Under these conditions, 
complete deaeetylation and Cesullation occurs. The present study indicates that mild 
acid conditions result in the extensive hydrolysis of p-o and a-L-linked mucopoly- 
saccharides to produce mixtures c f oligosaccharides and monosaccharides which to a 
major extent remain acetyilated and which, except for hyaluronic acid products, 
are partially sulfated as well. The possibility of isolating such fragments is of obvious 
interest for structural studies. The exults from reducing sugar and N-acetylhexosamine 
determinations illustrated in Figs I and 2 suggest that small oligosaccharides pre- 
ponderate after hydrolysis of the $-o-linked mucopolysaccharides with 0.1 or 0.2 

s HCl for I h. 

As expected. the r-c+tind ed mucopolysaccharides, heparitin sulfate and 
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IV-acetyiheparin, showed onlyaslight tendency for gfycosidic bond clcavageandermfld 
conditions. Despite this resistance to hydrolysis, N-acetylheparin was 30% deaaztyla- 
ted (Fig. 3) when heated in o-o4 N HCI for 2 h, conditions used for the determination 
of N-sulfate groups in heparin and heparitin sulfatesl. The finding that heparitin 
sulfate, which contains both N-sulfateandWacety1 groqqshows a significam increase 
in reiease of amino groups beyond the time required for complete N-desulfarion 
indicates that the IV-acetyl bonds present in heparitin sulfate are as Iabile to acid as 
those found in N-acetylheparin and is another indication of the similarity of &z EWO 
substances. It is evident from the above results that determinations of N-sulfate 
contents by the methods generally used should be interpreted with caution. 

Sulfated oligosaccharides from chondroitin 4- and 6-sulfate, produced after 
exhaustive digestion of the mucopolysaccharides with testicular hyahuonidase were 
found to foIlow a course of hydrolysis similar to the parent mucopolysaccbaride. 
shown in Fig. 4. The hydrolysis yielded preponderantly disaccharide wbicb were 
relntively resistant to further cleavage under the conditions used. 

The isolation of oligosaccharide fractions from mucopolysaccharide bydrolyz- 
ntes obtained by heating with 0.04 N HCI for 4 h served to support the suggestion 
from Figs. I and 2 of the occurrence of extensive hydrolysis. As indicated in Table I. 
hydrolyzates from chondroitin 4- and &sulfate and dermatan sulfate contain disac- 
charides as major components, with larger oligosaccharides comprising successively 
smaller proportions of the product (Fig. 5). Free uranic acids were demonstm&d 
from each mucopolysaccharide. It is noted that the fractions have not been deacety- 
lnted significantly. Desulfation was found to be more extensive in cbon&ottin 
d-sulfate and dermatan sulfate, which retained only a third or less of that ori@raill; 
present. than in chondroitin f$sulfate, which lost approximately haif its sulfate 
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JUMMARY 

The hydroiysis of mucopolysaccharides with dilute hydrochsotic acid VI& 
stutlicd. Glycosidic bond cleavage of the /I-D- and a-~-linked mucopc+acchand~ 
ctr<urrcd with unexpected facility and produced partially sulfated and .‘&accq 
d&saccharides as well as higher oligosaccharides and smaller proportions of mono- 
sncchnridcs. These products were isolated by means of gel filtration nitb 
G-25. 

The r-D-linked substances, heparin, N-acctylheparin, and beparitin 
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remained relatively resistant to hydrolysis under the conditions used althpugh 
N-deaeetylation occurred more readily with N-acetylhepa~rin than with the o~her 
polysaccharides examined. 

OIigos.accharides of chondroitin 4- and 6-sulfate were found to undergo 
hydrolysis readily to N-aeetylated and partially sulfated disacqharides. 
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1NTRODUCTION 

Recently, there has been renewed interest in methods for methylating poly- 
saccharides. Attempts have been made to improve yields and also to reduce the number 
of repetitive treatments required with the classical Haworth and Purdie3 techniques. 

Kuhn” and his co-workers used NJV-dimethylformamide as solvent with silver 
oxide and methyl iodide for permethylations and have since proposed3 the use of 
fV,N-dimethylformamide and dimethyl sulphoxide, separately or in admixture, as 
solvents for methylations with barium hydroxide and methyl iodide or dimethyl 
sulphnte. 

Our attempts to methylate Acacia gum polysaccharides, using barium salts. 
gave reasonable methoxyi contents, but emulsions, which were extremely difficult to 
brcak.tended to form.The use of dimethyl sulphoxide, with powdered sodium hydrox- 
ide and dimethyl sulphate, has been reported6 to give high yields of almost full) 
methylated. neutral polysaccharides, but, in our experience, this technique is less 
successful with acidic materials. 

We have investigated the use of sodium hydride and methyl iodide for the 
mtthylation of acidic Acacia polysaccharides dissolved in dimerhyl sulphoxidc. 

(A similar technique has been used to methylate gfycoproteins and neutral poly- 
snccharides’, but its use with acidic materiaIs has not. to our knowledge. been reported 
previously). We have also used this reaction for the rapid methylation of mono- and 
di-saccharides: sodium hydride has been used in the methylation of monosaccharide 
dcrivutives in ether-type solvent&s or in N&V-dimethylformamide9. 

In the presence of acidic groups, the sodium hydride reaction might lead to the 
following side-reactions. with the formation of artifacts: (u) condensation of ester 
groups with the methylsulphinyl carbanion to give a sulphoxide; (b) in the presence of 
cstcr groups, /Sclimination could occur to give 4,gunsaturated acids*0 (esters of 
hot11 glucuronic and galacturonic acids can undergo” such eliminations): (~1 the 
product from (h) could react further to give a variety of products. 

The methylated products were therefore examined to ascertain whether such 
artlfocts had arisen. 
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EXPERIMENTAL 

Paper chromatography was Izarried out on Whatman No. I paper with the 
following solvent systems (v/v): (a) butan-x-al-ethanol-water (4:r:5, upper layer): 
(b) butan-r-o&-acetic acid-water (4: 1~5, upper layer); (c) ethyl acetate-acetic acid- 
formic acid-water (r&3: r:4). 

Gas-liquid chromatography (g,.l.c.) was carried out on columns (3 ft x 0.25 in) 

of polyethyleneglycol adipate (I 5% by weight. on acid-washed Celite, 80-100 mesh) 
at I 50”; the carrier gas was nitroger! at a flow rate of too ml/min. The chromatograph 
(Model S3A, Gas Chromatography Ltd, Maidenhead) was fitted with flame-ionisation 
detectors, Retention times are given reIative to that of methyl 2,3,4,6-tctra-U-methyl- 
j?-D-glucopyranoside. 

Weights recorded are those co\-rected for moisture content (by drying I o constant 

weight at 105”). Hydrolyses and rrlethanolyses were effected with N sulphuric acid 
for 8 h at 100’ and with 5% meth..lnolic hydrogen chloride for 6 h at 100~ (sealed 
tube), respectively. Reagent-grade dimethyl sulphoxidc and methyl iodide were 
redistilled before use. Methoxyl cements were determined by a specific,vapour-phase, 
infrared methodlz. Absorption spectra were taken with a Pcrkin-Elmer 137 UV 
Spectrophotometer. 

E.~periri?enta/pre~aufions. Powdcrecl sodium hydride was used without dificulty 
throughout our experiments; due :?recautions were obscrvcd when handling this 
reagent. Where preferred, the commercial dispersion of sodium hydride in oil mny PC 
used. A convenient method is to ;ldd the dispersion to 2::~ dimcthyl slllphoxidr: 
the layer containing sodium hydride dissolved in dimcthyl SLJ phoxidc tn:ly then 1~. 
added to a solution. in dirncthyl suMoxide. of the material t:~ hc mcthylul~d. 

RE.sCIL’rs 

(a) Acidic polysaccharides 
Merlylation of IJW gum jront Acacia nubica (Bent/d.) 

The gum (4.64 g) was dissolved in dimethyl sulphoxide (250 ml), and powdcrcd 
sodium hydride (2 g) was added in small portions, with gentle stirring, during I Il. 

The solution turned yellow and, ultimately, became semi-solid. Methyl iodide (5 ml) 
was added dropwise with stirring during z h. The solution was stirred overnight. and 
one drop then gave a neutral reactiol.1 when added to water. A further three addition3 
of sodium hydride and methyl iodide were made to the reaction mixture on iucccssivc 
days, as described for the first add tion. The mixture was then poured into water 
(1.5 I) to precipitate the methylated polysaccharide, and any excess or methyl iodide 
was removed by aspiration. The prec pitate was collected (centrifuge) and dissolved in 
chloroform. The supernatant solutic n (aqueous dimethyl sutphoxide) was cxtriictcti 
with chloroform, and the extract was combined with the solotion of prccipit,ltcd gtltn. 
The chloroform solution was wash:d with water to remove dimcthyI sL~IphoxicIc. 
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dried (MgSOa), concentrated (rotary evaporator at less than 30 9. and then added lo 
light petroleum (b.p. 60-80”) to precipitate the methylated polysacsharide, which was 
removed by centrifugation and dried at room temperature under diminished pressure 
yield, 3.98 g (85%) (Found: OMe, 4o.8%). 

Single-step methylation of a degraded gum from Acacia nubica 
Degraded gum (1.86 g), prepared from A. nubicu gum by autohydrolysis. was 

dissolved in dimethyl sulphoxide (50 ml). Sodium hydride (z g) was added in small 
portions, followed by methyl iodide (5 ml), as for the whole gum. The mixture was 
stirred overnight, water (zoo ml) was added, and the mixture was extracted with 
chloroform. The isolation of the methylated, degraded gum (1.62 g. 87%) then 
foilowed the sequence already described for the whole gum (Found: QMc, 37.1 Y$)_ 

Tws for the formation of artifacts 
The following tests were made on the methylated whole-gum and methylated. 

degraded gum. 
The methylated gum, dissoIved in spectroscopic grade ethanol, showed no 

absorption at 235 mEA, indicating the absence of &elimination products. 
The methylated gum was tested for the presence of unsaturation by the thio- 

bsrbituric acid method’*. Methylated gum (IO mg) was shaken with water (1 ml). 
and hydrochloric acid (5 ml, 0.5~) and thiobarbituric acid (IO ml. 0.01~) were then 
udded. The solution was immersed in a boiling water-bath for 30 min and cooled. 
and the absorption spectrum was examined. There was no absorption at 547 tlilr. 
indicating the absence of 4,5-unsaturated derivatives of DgJucuronic acid. 

Strwfl-scale mrtllytation of degraded A. nubica gum 
To degraded gum (30 mg) in dimethyl sulphoxide ( IO ml) was added. as drxrlhcd 

ahovc, sodium hydride (500 mg) followed by methyl iodide (1.3 ml). and the mixture 
was stirred ger!Jy overnight. A second addition of reagents was then made. the milrturc 

W;IS stirred overnight, and the methylated product (20 mp) was isolated as dcscribrd 

for the methylation of whole gum (Found: OMe, 4o.o%)_ 
A half-portion of the product was dissolved in chloroform and examined by 

g.1.c. The remainder of the product was hydrolysed and then examined by paper 
chromatography in solvents (a) and (6). In all of these examinations. the chromato- 

grams were identical with those obtained from the product of the large-scale methyla- 
lion of degraded A. nubica gum. 

(A) Acidic ~nom- and di-saccharides 
Methyiatiun of D-glucuronic acid. 

b-Glucuronic acid [200 mg, chromatographically homogeneous in solvent (c) 
rind containing no b-glucurone] was dissolved in dimethyi sulphoxide (IO ml), and 
sodium hydride (500 mg) was added in small portions with gentle stirring during I h. 

Methyl iodide (1.4 ml) was added dropwise, and the mixture :a.s stored o*ieroight. 
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The methylated product wa: then isolated by pouring into water, followed by extrac- 
tion with chloroform at roo0J.n temperature. 

The solution of the product in chloroform was divided into four parts. Portion I 
was examined direc?!y by g.!.c. and gave only three peaks, having relative retention 
times of 0.17, 2.14, and 2.8-1. The &St component had the same retention time as 
dimethyl sulphoxide. The other two peaks had the same retention times as were given 
by an authentic specimen of methyl (methyl 2,3,4-tri-U-methyl-a&D-glucopyranosid)- 
uronate. 

Portion z was concentWed to dryness and subjected to methanolysis, and the 
neutralized (silver carbonate) solution was concentrated to dryness. A solution of the 
residue in chloroform was el amined by g.1.c. as for portion I. The same peaks were 
obtained, but with a decreastd proportion of dimethyl suIphoxide. 

Portion 3 was concef trated to dryness and hydrolysed. The product was 
neutralised (barium carbona:.e) and examined by paper chromatography in solvents 
(rr) and {b). Only one comr,onent, chromatographically identical with 2,3,4-tri-O- 
methyl-D-ghzuronic acid, was detected. 

Portion 4 was concentr-ited to dryness and warmed with water (L ml), and then 
hydrochloric acid (5 ml, 0.5’4) and thiobarbituric acid (IO ml, 0.01~) were added. 
The solution was kept for 30 nin at 100~ and then cooled; there was no absorption at 

547 mfl. 

Methylation of methyl a-D-gkopyranoside and methyl a-n-galactopyranoside 

Quantities and procedu .e were as for D-glucuronic acid, except that the mixtures 
were stirred for only I h aftrr addition of the methyl iodide. Examination by g.1.c. 
of the products from each glyc-osidc showed that only the fully methylated sugars were 
present. 

Methylation of an aldobiourori ic arid 

6-O-V-D-Glucopyranos qluronic acid)-D-galactose (60 mg) was dissolved in 

dimethyt sulphoxide (IO ml). Reaction with sodium hydride (500 mg) and methyl 
iodide (1.4 ml) was then carried out as described above for the smali-scale methylation 
of the degraded gum from A. nubica. 

A half-portion of the pr+)duct was hydrolysed and examined by paper chromato- 
graphy in solvents (a) and (6) Only two components, chromatographically identical 
with reference samples of z,3,4.-tri-O-methyl-D-glucuronic acid and 2,3,4-tri-O-methyl- 
D-galactose, were detected. Th : remainder of the product was hydrolysed in mcthanoiic 
hydrogen chloride and neutra ised (silver carbonate), and the methanol was removed 
by evaporation. The product ‘vas dissolved in dry chloroform and examined by g.1.c. 
Components having retention times identical with those of the methyl glycosidcs of 
2,3,4-tri-O-methyl-D-galactose and of the methyl ester of z,3~4-tri-O-mcthyl-l,- 
glucuronic acid were found*. 

*hIore added irr prwfi In some rea:tions. it has been observed that z.3,5-tri-U-methyl-r~-~;ll~ct~se 

may also be formed, presumabty tt rough reaction of the disaccharide in the furanose form. 
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DISCUSSION 

The methylation technique described gives complete methylation of monosaaha- 
rides and acidic disaccharides in one stage, and methoxyl contents exceeding 36”/, 
have consistently been achieved for acidic polysaccharides by making 2-4 additions 
of the reagents. Careful tests have failed to indicate the formation of artifacts. The 
products are given in high yield, and satisfactory results have been obtained with 3o-mg 
samples. Yields of only zo-30% were obtained when classical methods were used, in 
mu&stage processes, to methylate acidic polysaccharides from A. se~@s and A. 
niloticu~4. In the light of this direct comparison, the sodium hydride method clearly 
offers distinct advantages. 

It is hoped that this communication will lead other investigators to assess the 
performance of the method with a wider range of polysaccharides. 
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Reaction of acidic poly-, mono-, and di-saccharides with sodium hydride and 
methyl iodide, in dimethyl sulphoxide as solvent, requires very few repetitive treat- 
ments to give highly methylated products in very gocid yield. Artifacts could not be 
dctectcd in the products. 
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Notes 

Alkylation of carbohydrates us ng sodium hydride 

The preceding paperl, describing the use of sodium hydride and dimethyl 
sulphotide in the methylation of acidic polysaccharides and some mono- and di- 
saccharides, prompts us to report on our experience with this reagent. Other reports 
have appeared on the use of sodium 1 ydride in the methylation of monosaccharidesa, 
neutral polysaccharidesa, and glycopr oteins 3, but few examples have been reported4 
of its use in other aIkylations. 

A search for new ethers of sucrose, having possible commercial interest, 
caused us to examine a number of all rylation procedures. In our hands, sucrose and 
other carbohydrates were convenient]: r alkylated by using an alkyl halide (usually the 
bromide) in either N,N-dimethylfornamide, or IV-methyl-t-pyrrolidone, containing 
suspended sodium hydride. Previously, tetrahydrofuran had been employedz, but 
this is unsuitable for general use sin:e it is not a good solvent for unsubstituted 
sugars. Both N,N-dimethylformamide and IV-methyl-z-pyrrolidone are good solvents 
for most carbohydrates and are likely to enhance formation of the nucIeophiIic 
alkoxide ion. Although both solvents :>ossess a carbonyl group, neither reacts signifi- 
cantly with sodium hydride at room telnperature.At higher temperatures(ca. 70-1009, 
NJV-dimethylformamide reacted with sodium hydride to give a product which affor- 
ded formaldehyde (identified as its z,+dinitrophenylhydrazone) on treatment with 
water, and tetramethylammonium iodide(identified by its m-p. andinfrared spectrum) 
on treatment with methyl iodide. 

Some alkylations using sodium hydride in the aforementioned, aprotic solvents 
are recorded in the Experimental section. The method is easily applied, provided 
that due care is exercised in the handling of the hydride and, on completion, the 
excess of reagent is rapidly removed by addition of dry methanol. Thus, methylation, 
butylation, octylation, ahylation, and benzylation of methyl 4,BO-benzyhdene-cc- 
and -/?-D-ghrcopyranoside were accomplished under mild conditions and in high 
yield. NJV-Dimethylformamide could not be used in the propargylation of the fore- 
going compounds as a vigorous reaction occurs between propargyl bromide and 
sodium hydride in this solvent. In this case, tetrahydrofuran was the solvent of choice. 
AlIylation of sucrose was complete in one stage using this procedure, whereas, 
previously, repetitive treatments were required 5. Applications of this procedure to 
other carbohydrate derivatives have been reported in recent paperssB7 from our 
laboratories. 

Curbohydrare Res., 2 (1966) 167-169 



EXPERIMENTAL 

N,N-Dimethylformamide and IV-methyl-2-pyrrolidonc were shaken **ith 
potassium hydroxide pehets and then with calcium oxide, and distilled on to r&mm 
hydride for storage. Organic halides were shaken with phosphorras pentoxide. 
decanted, and distilled. Sodium hydride was received as a dispersion in mineral oif. The 
oil was removed by washing the dispersion with ether under nitrogen on a sintered- 
glass crucible(No. 3 porosity). Evaporations were usually performed at <45/o-5 mm. 

Sodium hydride powder (1.17 g, 4g mmole) was added to a solution of methyl 
4,6-O-benzylidene-cz-u-glucopyranoside (1.9 g, 6.7 mmofe) in IV,%dimethylfurmamitie 
(6o ml), and the suspension was swirled for 20 dn before the addition, with cooling 
co”), of r-bromobutane (IO rrd, 95 mmole). The reaction mixture became solid 
within 40 tin and was set aside at room temperature for 24-48 h. Methanol (10 ml) 
was added carefully to the resulting clear solution and, when effervescence had 
ceased, the solution was concentrated to dryness. The residue was partitioned between 
chloroform (50 ml) and water (50 ml), and the separated organic layer was further 
washed with water (3 x 40 ml), filtered, and concentrated, to yield a crystalhnc 
residue. Two recrystallizations from aqueous ethanol afforded rhe product (t.58 g, 

97%). m.p. 8g-9o”, [tc]g + 50~ (c 0.6, chloroform). (Pound: C, 67.3; H, 8.5. &Hz_&6 
talc.: C, 67.0; H, 8.7%). 

Other alkylarions 

Essentially the same procedure was used in the preparation of the following 
compounds; the percentage yield from the reaction is given in parenthesis. In many 
eases. the reaction could be carried out in N-methyl-2-pyrrolidone, without diminution 
of yield. 

Me~Iry/ ~,6-O-hertrylidene-~,~-di-O-me~hyt-~-~-gluco~yranoside (82 “/A), m. p. 

l.3-r34°. [rx$ -61” (c 0.5, ethanol) (lit.8, m.p. 134”, [Z]D - 61’ (ethanol);. 
Ocla-0-nlerlryl sucrose (69 %), b.p. r62-165”/0.4 mm, [& + 62’ (C I _ I . 

chloroform), &! 1.4570. {lit .s, b.p. 140-145~ (bath)/o.ooI mm, [Z]D - 72’ !c 0.76. 

methanol), II; 1.4559-1.4570). 
Mrf/~y/ ~,6-O-bm~yylidc~e-2,3-di-O-ocly~-z-D-gfuco~yr~s~ @I $, mp. $5 ji, 

(from aqueoss ethanol), [LY]~ + 35“ (c 0.6, chloroform). (Pound: C, 71.0; H, 9.9. 
CssHsuOs catc.: C, 71.1; H, 9.95%). 

Methyl z,j-di-O-allyl-4,6-O-beruylidene-a-D-glrccopyrrmoside @5x), mp_ 62-63O 

(from light petroleum, b.p. 4o-60”), [ct]: + 54” (c 0.45, chloroform). (Found: 
C. 66. I ; H, 7.2. CsoHsf~Os talc.: C, 66.25; H, 7.2%). Isomerisationle of the foregoing 
compound with potassium tert-butoxide in dry dimethyl sulphotide gave only 
few yields (ca. 4%) of methyl 4,6-0-benzylidene-z,pdi-0-@rap-r-~y~z-p 
glucopyranoside, m.p. g4-g5” (from aqueous ethanol), [a$!? + 41 i 5* 4c O.OZ% 
chloroform). (Found: C, 65.75; I-f, 6.8. CZOH~~~S ealc.: C!, 66.25; H, 7.2%). HydrooQysis 
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of the latter ether with ZN sulphuric acid for I h at 100’ yielded a mixture of methyl 
a-D-ghicopyranoside and ~-glucose (identified by paper chromatography). 

Methyl 4,6-0-benzyzidene-z,3_di-0-propargyl-a_D (85 %, with 
tetrahydrofuran as solvent), m.p. 75-76” (from aqueous methanol), [a]% + 27” 
(c 0.3, chloroform) (Found: C, 66.9; H, 6.0. GoHzzO~ talc.: C, 67.0; H, 6.2%). 

Methyi z,3-di-O-benzyl-q,6-O-benzylidene-~-D-giucopyranoside (93 %), m.p. 
118-I 19” (from light petrokum, b-p. 6o-Go”), [a$? -37” (c 1.4, chloroform) {ht.ll, 

m.p. I Ig-rzo”, [K]F -35.8” (c 3, chloroform)}. 

Methyl %,3,,#,6-tetra-0-a/lykx-D-gkopyranoside (64x), b.p. f 52-153”/0.5 mm, 
fK]g -i- 114” (C 9, ethanol), ?J? I.4710 (lit .ls, b.p. 16o-162’/1.5 mm, [a]g + 115.6” 

(c 8, ethanol, nff 1.4710). 
CJrta-0-allyl sucrose (96x), [K]E + 45.4O (c 1.4, chloroform), & 1.4818 

(lit.5, n? I .4822). 
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The infrared spectra of some furans related io the aldofuranoses 

Infrared spectra can be used to distinguish between the anomers of the aldo- 
pyranosesl, as well as of their a&at&. The deoxy sugars also have cha*acteristic 
absorption peakss. Since, in general, the conformation of the aldopyranose and, more 
specifically, the presence of an equatorial or axial hydrogen atom on Cl demines 
the location of absorption bands diagnostic of the anomeric for-n+, it might be expected 
that the furanose sugars, which have essentially a planar rings, would not show bands 
characteristic of the anomeric forms. Barker and Stephens5 have, however, been able 
to correlate the presence of a furanoid or hydrofuranol ring with certain specific 
absorption bands of types A, B, C, and D (at 924 i 13, 879 F 7. 858 f 7. and 799 
f r7 cm-l, respectively). Furthermore, these absorption bands were ass@ed as 
followss*s: type A, the symmetrical ring-breathing frequency; types Band C, modes of 
vibration involving the skeletal stretching of the substituents; and type 0, a carbon- 
hydrogen deformation mode, where the hydrogen atom is present on a carbon atom 
directly attached to a ring-oxygen atom of a furanoid or hydrofuranol ring. 

It was considered of interest to prepare a number of chloro-, dihydro-, and 
tctmhydro-furans having a methoxy or ethoxy group on C-I. Such compounds would 
be analogous to the methyl and ethyl aldofuranosides. Indeed, they may be considered 
to be the simplest form of the aldofuranosides; and, therefore, it was expected that 
they would show the infrared absorption bands characteristic of the anomeric hydro- 
gen atom, the ring breathing, and the ring vibrations of the furanoses. It was antic@- 
ted. however. that the exact location of the peaks would be determined by the presence 

of (a) such groups as methoxy or ethoxy on C-r and (h) a double bond or chlorine or 

flydrogcn atom on C-2; and that there would be no influence of hydroxyl groups on 

C-2 and C-3, as for the sugars. 

EXPERlMENTAL 

2,3-Dichlorotetrahydrofuran was prepared by the chlorination of tetra- 
hydrofuran7, and converted into the 3-chloro-a-(methoxy or ethoxyj-tetrahydrofuran 
by treatment with sodium methoxide or sodium ethoxide, respectively’;. Further 
treatment of the appropriate3-chlorotetrahydrofuran with sodamide yieldedz-methoxy- 
or a-ethoxy-dihydrofuran*. The corresponding tetrahydrofurans were prepared by 
reduction of the dihydrofuranwithhydrogen atzo lb/sq in in the presence of a platinum 

Cdml~ydrme Rcs., 2 (1966) 170-173 
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catalyst at room temperature. Trle physical constants agreed with those reported in 
the titeratur8~~. 

The infrared spectra were recorded for the neat liquids (no solvent) on a Beckman 
iR 8 infrared spectrophotometer in cells 0.025 mm long. 

RESULTS AND DEiCXJSSiON 

AU of the spectra were esse &ally the same in the 4000 to IOOO cm-1 region, and 

showed absorption bands at approximately the positions reported for hydrofuranoW. 
The compounds containing meth#Jxyl groups showed,in addition,a band at 2825 cm-l 
characteristic4~~ of the methoxyl group. The compounds containing a double bond 
showed characteristic absorption;& at 3077.1610, and 692 cm-l, and those compounds 
containing chlorine in the moble had an absorption band at 727 cm-l. 

TABLE I 

FRFQUENCIES (m CM-‘) OF ARSORSTION i’UKSa 

Compound A .? C D 

c-3 
Cl 

Cl 
0 

0 
Cl 

OW& 
0 

C-J 
Cl 

OEt 
0 

r7 o*.lc 
0 

r7 OEt 
0 

C-J OMC 
0 

il OEt 
0 

c-3 OH 
0 

924 I 13 
921 (s) 
90s (5) 

910 (5) 

921 fs) 

go6 (9 

910 (5) 

917 (5) 

906 4s) 

928 fin) 

928 (5) 

910 tm) 

923 IVS)” 

875 i, 7 

889 (w) 

889 fw) 

889 W 

858 i 7 
834 b-1 

848 (ml 

837 (VW) 

848 hq 

837 (vu) 

848 Cm) 

840 (5) 

852 (s)6 

799 It 17 
776 (w) 

816 (w) 

813 (w) 

807 w 

803 ts) 

764 (ml 

791 Cm) 

760 tmP 

U-J, veq; s, strong; m. medium; w. we..k. 
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Absorption bands in the region corresponding to absorption of .types A, B, C, 
and D are shown in Table I, from which it may be seen that the ring-breathing fre- 
quencies (type A absorption) of the series fall within the reported ranges of 924 If 13 
cm-l. A second peak at 905 to 910 cm-r, was found for those compounds having a 
chlorine atom or ethoxyl group on C-I. 

Type B absorption at 879 f 7 cm -1 has been considered tv be due either to 
(a) modes of vibration involving the skeletal stretching of such substituems on the 
ring as -CH(OH)-CHeOH or @) rocking vibrations of the methylene group in the 
case of the hydrofuranol rings. Since, in our series, type B absorption is only found 
associated with ethoxy derivatives, it is tentatively suggested that type B absorption is, 
in some cases at least, due to the methylene hydrogen atoms of the ethoxyl group. 

Type C absorption at 858 & 7 cm-1 is considered tv be due to the methyIene- 
rocking vibrations. In agreement with this assignment, OUT series of compounds show 
type C absorption at 834to 848 cm -I. Since the methylene group attached to the oxygen 
atom of the ring is the only methylene group cvmmon tv all of our compounds, it is 
suggested that this group is responsible for type C absorption. The attachment to 
oxygen is probably responsible for the observation that the frequency is slightly 
lower than normal. 

Type D absorption at 799 & 17 cm-r is considered to be associated with a 
carbon-hydrogen deformation mode 6.0. In agreement with the assignment, each 
compound of our series absorbs in the region 816 to 760 cm-l. In addition, it should 
be noted that the substituent on C-2 affects the location of the absorption peak. With 
u methoxy1 group on C-I, a saturated G2 gives a type D frequency of 764 cm-l, 
u double bond gives a frequency of 807 cm-l, and a chlorine atom attached to C-2 

gives a frequency of 816cm-1. With an ethoxyl group on C-i, the frequency values 
arc: saturated C-2, 791 cm-l, double bond on G2.803 cm-l, and a chlorine atom on 
C-z, 813 cm-l. In general, the frequency of the type D absorption is increased b> 
zubstitucnts on C-2, as follows: -CHr- < = CH- < -CHCI-. 
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Synthesis of j?-D-xylopyranosides of cyclic and aromatic alcohols 

In the present work, we prepared a series (Table I) of tri-O-acetyl-@-D-xyIopyra- 
nosides of cyclic and aromatic alcohols through the reaction of tri-O-acetyl-a-D- 
xylopyranosyl bromide (acetobromoxylose)l with the appropriate alcohol in the 
presence of silver oxide2 or mercuric acetate as catalyst. Catalytic deacetylation 
(sodium methoxide)a yielded the corresponding B-D-xylopyranosides (Table II). 

EXPERIMENTAL 

The purity of the products was tested by t.1.c. on silicagel G (Merck) iti acetic 
acid-water-ethyl acetate (I:I 3; v/v) for xylosides, and ethyl acetate-benxonc (317; 
v/v) for the acetates; spray reagent, 5% sulfuric acid in ethanol (IO min at 120”). 

Sifver oxide method. libsolute chloroform (zoo to 300 ml), silver oxide 
(0.1 mole), acetobromoxylose (0.1 mole), and the appropriate alcohol (0.5 to I mole) 
were stirred in a closed vessel until the supernatant liquid was free of bromide ions 
(several hours). Silver salts wire titered off, and the clear solution was concentrated 
in cacuo to yield the tri-O-acetyl-p-D-xylopyranoside (Table I). 

Mercuric acetate nzeth~d. Mercuric acetate (0. I mole), absolute chloroform 
(zoo ml), Sikkon (calcium sulfate, Fluka) (0.5 mole), and the alcohol (I to I .5 mole) 
were stirred for 15 min at ‘room temperature. With stirring, acetobromoxylosc 
(0.2 mole) was added, and ti-e mixture was boiled under reflux on a water bath for 
15 min. After the solution h: d been cooled and filtered, it was thoroughly washed 
with water, dried (NazSO& and concentrated in vacua: the following tri-O-acetyl+-D- 
XyIopyranosides were prepared in this way: cyclopentyl (50x), cyclohexyl (Go”/:,). 
z-phenyletbyl (65 %), and 3-p henylpropyl (17 %). 

Curhlrydrute Res., 2 ( I 966) I 73-175 
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Carbohy&are Res., 2 (1966) I 73-175 

Oxidation of D-glucose by persulfate 

A study performed in this Department’, of the kinetics of oxidation of D-glucose 
by persulfate, showed that constant rate coefficients could not be obtained for the 
reaction. This is contrary to the findings of Wood and Walkers, who obtained fairly 
constant and concordant rate coefficients for the oxidation of a number of aldoses 
with persulfate. Acid products were formed which were assumed” to be aldonic 

acids. In view of the discrepancy, it was thought necessary to identify the products of 

the oxidation. ~-Glucose was oxidized in aqueous solution by an equal weight of 

potassium persulfate for five days at 60”. Distihation of the aqueous solution gave a 

volatile organic acid, together with volatile non-acidic compounds, one of which was 

identified as formaldehyde. The non-volatile part of the reaction mixture was acety- 

fated under acidic conditions, and the acetylated product was resolved, by column3, 

and by thin-layer chromatography, into four products: penta-O-acetyl-a-rr-gluco- 

pyranose (from unchanged D-glucose), tetra-O-acetyl-a-D-glucopyranuronic acid, 
penta-O-acetyl-D-&conic acid, and 2,3,5,6-tetra-O-acetyl-D-glucono-~,+lactone. 

The presence of tetra-O-acetyl-z-D-ghrcopyranuronic acid in the products 
arises from the acetylation of Dghrcuronic acid. The latter is undoubtedly formed by 
oxidation of the -CHsOH group in ~-glucose. 

The oxidation of primary alcohols by persulfate is known to proceed by way 
of an aidehyde 4, but unless the alcohol is in excess, oxidation proceeds further to the 
carboxylic acid. Differences in rate of oxidation of the aldehydes probably account 

for the observed differences in rate coefficients for the oxidation of such aIditols as 

D-mannitol, galactitol, D-ghrcitol, erythritol, and glycerol, by persulfatel. 

Curbobydrale Res., 2 I 1966) ~75-177 
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The isolation of penta-O-acetyl-D-gluconic acid undoubtedly indicated oxidation 
of the reducing group of D-glucose by persulfate. The fourth product, z,3,5,6-t.ctra-0- 
~yl-5~UCOno-J,4-Iactone, can arise through dehydration of D-gluconic acid. 

These results clearly show that oxidation of ~-glucose by persulfate is not 
co&cd to one group and oxidation of the aldehydic as well as the primary hydroxyl 
group occurs concurrently. There is also oxidative cleavage of the carbon-carbon 
bonds, giving rise to volatile compounds of low molecular weight. 

Qxrdtrtibn of o-ghcose with potusslunt per.v&ate 
A mixture of D-glucose (50 g) and potassium persulfate (50 g) in water (500 ml) 

was heated for five days at 60”, and then evaporated to dryners under diminished 
pressure. The resulting distillate was titrated in 25 ml portions with 0.10 N sodium 
hydroxide, and with acidified 0.10 N potassium permanganate solutions; the titers 
were 15.00 ml and lg.00 ml respectively. Formaldehyde was determined coIori- 
mctriealfy~ by the chromotropic acid method; 25 ml of the distiilate was found to 
conwin 34 Jrmoles of formaldehyde. The residual brown solid was finely ground 
and acetylated as described below. 

Acctyfarion of tlrc non-&arilc oxidation products 
Concentrated sulfuric acid (5 ml) was added dropwise to a stirred suspension 

of the solid product (ca. IOO g; from the preceding experiment, in acetic anhydride 
(-solo g1. Stirring was continued for 24 h, and then the mixture was poured into ice and 
water (ru. 2 1). The dark, sticky materiai which separated wxs extracted with chloro- 
form (300 ml), and the chloroform extract was washed five times with water, dried 
her sodium sulfate, and concentrated under diminished pressure. The residual 
ma&al was dissolved in ethanol (200 ml), heated with charcoal (ca. IO g), and filtered 
Jhrc)ugh a pad of Micro-Cel C (Johns-Manville Co., New York, N.Y.). The straw- 
colored filtrate was conccntratcd to dryness under diminished pressure: yield 20 g. 
Thin-Iaycr chtomatographic examination on silica gel, with IO:~ v.iv benzene- 
m~Jtwnol as solvent. showed at least four components, having RF values: 0.10, 0.33. 
0.77 und o.#. 

Sq~ratiurr of the acctylated products 
Portions (1.5 g) of the acetylated material were dissolved in chloroform (lo-ml 

portions) and placed at the top of a IO x 3-in. coiumn of Micro-CM C?. The column 
WPS developed with I. I 1 of ro: I v/v benzene-methanoI. Indication with J *A potassium 
pcrmangnnute in 2.5 N potassium hydroxide revealed two zones, A and B. The zones 
were extracted with acetone, and the extracts were evaporated. Zone A yielded 
crystalline pentn-O-acetyl-a-D-gIucopyranose (3.2 g from 15 g of the acetylated 
m~tcrinl) having m.p. and mixed m.p. I IO-I I IO, Rp O&I. Zone B yielded a colorless 
syrup, which was fractionated by thin-layer chromatography on silica gel G with 

~‘rarln~/~~r)rl/r~/t’ Rc’s.. 2 (1966) 175-l 77 
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Io:i v/v benzene-methanol as eluent. Zones were located on the plates by spraying 
with water~, the different fractions were extracted from the appropriate zones with 
acetone, and the resulting syrulrd products were re~hromatographed on silica gel G as 
before. Three or four successive fractionations were performed for each zone, before 
chromatographically pure compounds were obtained. 

The zone, Re o.77, cryst~Ilize.d upon refrigeration to give tetra-O-acetyl-~-D. 
glueopyranuronic acid, yield o.135 g f rom x5 g of the ar, etylated material. Recrystal- 
iization from ethanol gave pure material, m.p. 118 °, [g]~o _ t Io ° (e t.o, chloroform) 
[iit.~ m.p. 118-i 19 °, [~,]~ - 111 ° (chloroform)]. The m.p. was undepressed on admix- 
ture with at, authentic specimen of tetra-O-ae, ctyl-~t-D-gtucopyranuronie acid. X-Ray 
powder diffraction l~At~ns of the two samples were identical. 

Anal. Calc. for Cl4Hu#Dn: C, 46.40; H, 4-97. Found: C, 46.60; H, 5.xo. 
The zone, Re o.33, was crystalline penta-O-acetyl-D-gluconic acid (yield 0.37 g 

from 15 g of the acetylated material). After two re.crystallizations from ethanol it 
oO 

had m.p. ! Iz °, [:~]5 ÷ 1o ° (c L2, chloroform). The m.p. was not depressed on admixture 
with an authentic sample prepared according to Major arid C o o k  s, who reported m.p. 
I lo-i  l i [z]~ ° ÷ i ~-5= (chloroform). 

Anal. Cale. for C~0H_---,OL~: C, 47-34; H, 5.42. Found: C, 47-5~ ; H, 5.53. 
The zone, Re o. ~0, was cr)staLline 2,3,5,6-tetra-O-acetyl-D-glucono-L4-1actone; 

yield 85 mg from ~ 5 g of the acetylated material. After recrystalliz~tion from ethanol 
,t had m.p. ~ 5  ", [:~]~ --2.3" (c Lo, chloroform) [ht. ~ m.p. ~ 4 - ~ 7  [~-]- --~-2~° 
(chloroform)]. The m.p. was undepressed on admixture with an authentic sample of 
2,3,5,6-tetra-O-acetyI-D-glucono-~,4-1actone kindly supplied by Professor M. L. 
Wolf rein. 

An¢ ~ Caic. for C~4H~sO~0: C, 48.52" H. 5.20. Found: C, 48.50, H, 5.40. 
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Preliminary Communication 

Carkrhydrate derivatives of ? -substituted I ,2,3-triatole 

Recently, Curtin and AIexandtoul have studied the structure of the oxidation 
pfsducts obtained by the action of iodine and mercuric oxide on the bis(benzoyl- 
hydmes] of dimethylglyoxal, pyruvaldehyde, and benzil. They found that the 

Ws pwscsscd ester bands at 1750 cm-l but not the amide band that would be 
arpcrxedon the basis of the tetrazine structures previously2 ascribed to them. This 
I%ct 9nd other experiments led the authors to consider these compounds to be 
&zi~~tives of r-bcnmyIamino-r,2,3-triazole enol benzoate. 

For 8 similar oxidation in the carbohydrate series, the D-arabino-hexosulose 
Ihydrazoncs) (la) shown in the Table were prepared from D-u&&o-hexosulose 

nc)and acyl hydrazines, by the procedure used for the prepration of carbamoyl 
The colorless bis(acylhydrazones) obtained showed two CONH bands 

Hf~o--~6go cm-l, in addition to a C=N band which appeared between 
15 cm -1 (see Table I). 

Aoetylstion of the bis(acylhydrazones) gave the tetraacetates (lb) which showed, 
CP addillon to the amide bands, an ester band at 1750 cm-l. Oxidation of these 
SSXQ~ dcrivarivcs with iodine and mercuric oxide gave products (III) having two 

y&wg.cn nlams fe%cr than the bis(acylhydrazone) acetates. 

7 Ire ix. spectra of the oxidation products revealed no CONH bands but showed 
FC per bands at 1750 cm-1 (see TabIe) probably arising from the 0-acetyl and the 
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enol benzoate groups. These data accord with the general stru&ue of Cartin and 
Akxandroul for the pyruvaldehyde derivative, and the products are, therefore, 
tentatively formulated as +-substituted r-benzoylamino-I,z,3-triazole enol benzoates 
(III). The reaction may be exemplified by the conversion of n-urubino-hexosulo bis- 
(benzoylhydrazone) (Ia; RI= COPh) into the tetraacetate (Ib; RI = COPh). 
and the oxidation of the latter to the r-benzoylamino-Q_(~arahino-tetraacetoxybl)- 
r,z,ptriazole enol benzoate (III; Rl = Ph). Mixed osazones of the type (Ila) were 
also prepared, from D-urabino-hexosufose r-(z-methyl-z-phenylhydrazone) and acyl- 
hydrazines. Their acetates (IIb) displayed the expected resistance toward oxidation 
to cnol acylates of the type (III). 

Ffmd!y of Science, H. EL KHADEM 

Ahundria Uttioersity, Alexandria (U. A. R.) M. A. E. SHABAN 
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REACTIONS OF FURANGSIDE EPOXIDES: ’ 
THE PREPARATION OF BROMOHYDRINS FROM METHYL 

5-O-ACETYL-2,3-ANHYDRO-a(AND p)-D-LYXOFURANOSIDE 

ELMERJ. REIST AND SANDRA L. HOLTON 

Life Sciences Research, Stanford Research Institute, Menlo Park, California g.gorg (U.S. A.) 

(Received January 31st, 1966) 

Nucleophilic attack of 2,3-anhydrofuranosides has generally been observed 
to give oxirane ring opening by attack of the nucleophile, predominantly at C-3. 
Thus, the reaction of a number of substituted 2,3-anhydro-a(and /I)-D-lyxofuranosides 
(1)1-5 with such nucleophiles as ammonia, sodium methoxide, sodium ethanethioxide, 
or sodium benzoate gave 3-substituted D-arabinofuranosides (II) almost exclusively, 
with, at most, only trace amounts of the isomeric z-substituted D-xylofuranosides (III). 

a= a-Dseries ; b= @Dseries 

R’H2C o 

FR + R’H2c&+R 

x x 

I II m 

One early exception to this rule was the observation by Percival and Zobrists 
that methyl 2,3-anhydro-a(and &D-lyxofuranoside (I, R = OCH;, R’ = OH), 
when treated with methanolic sodium methoxide, gave a 2: I .mixture of methyl 3-O- 
methyl-D-arabinofuranoside (II, R = X = OCHa, R’ = OH) and methyl 2-O- 
methyl-D-xylofuranoside (III, R = X = OCH3, R’ = OH), respectively. A recent 
example was reported6 by Casini and Goodman, in which treatment of methyl 
z,3-anhydro-B-D-lyxofuranoside (Ib, R = OCHa, R’ = OH) with sodium a-toluene- 
thioxide gave a 3:2 mixture of 2-substitution over 3_substitution, in contrast to the 
behavior of the a-D anomer (Ia, R = 0CH3, R’ = OH), in which only a 3-substitution 
product was isolated 7_ An interesting comparison of acid-catalyzed and base- 
catalyzed epoxide-opening was reported by Doerr, Codington, and Fox*, wherein 
treatment of I-[2,3-anhydro-5- O-(methylsulfonyl)-B-D-lyxofuranosyl]uracil (Ib, R 
= uracil, R’ = OMs) with sodium benzyloxide apparently gave only attack at C-3, 
although treatment of this same epoxide with aqueous sulfuric acid gave a 5: I mixture 
of C-3 over C-2 opening. 

It seemed interesting at this point to investigate other acid-catalyzed openings 
of 2,3-anhydro-D-lyxofuranosides, to check for possible attack at C-2. An a,/?-~ 

series which was particularly interesting to investigate was that of the simple glycosides 
(I, R = OCHs, R’ = OH), both from the standpoint of ready availability’ and from 
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thefact that the or-and /?-Danomers react so differently with sodium a-toluenethioxide6v7 
although there is apparently little difference in their reaction towards sodium methox- 
idee. The reaction examined was that of anhydrous magnesium bromide with methyl 
5-O-acetyl-2,3-anhydro-a(and p)-D-iyxofuranosides, (I, R = OCH3, R’ = OAc), 
because the resulting bromohydrins II and III, (R = OCH3, R’ = OAc, X = Br) 
would be useful in another connection. 

The reaction of anhydrous magnesium bromide with methyl 2,3-anhydro- 
4,6-U-benzylidene-a-D-mannopyranoside proceeds in the same fashions as with 
such basic nucleophiles as ammonia10 or sodium methanethioxidell, to give methyl 
4,6-O-benzylidene-3-bromo-3-deoxy-a-D-altropyranoside_ When a similar reaction 
was attempted with methyl 5-U-acetyl-2,3-anhydro-j3-D-lyxofuranoside (IVb), a 
syrup was obtained which consisted of a mixture of 2 components, presumably Vb 
and IXb, in the ratio 1:2, as shown by vapor-phase chromatography (v_p_c.) of the 
trimethylsilyl etherlz. Preparative separation of these components as their trimethyl- 
silyl ethers by v.p.c. gave 38% of the major and 15% of the minor component_ De(tri 
methylsilyl)ation of the separated components gave a 15 ok yield of methyl 5-O 

0 = a-oseries b = #l-o series 

x 

V X=Br, R=H 
VI X = Br, R = Si(CH& 

VII X = Br, R = AC 
VIII X = H, R = AC 

X 

D( X=Br, R=H 
X X = Br, R = Si(CH& 

XI X = Br, R =Ac 
XII X = H, R = AC 

acetyl-3-bromo-3-deoxy-B_D-arabinofuranoside (Vb) and 38% of methyl 5-O-acetyl- 
2-bromo-2-deoxy-/?-D-xylofuranoside (IXb). These structural assignments were made 
tentatively, on the basis of the n-m-r. spectra, which showed H-r as a singlet at t 4.90, 
suggestive of an H-1-H-2 rrans-relationship for the major component, whereas the 
minor component showed H-I as a doublet (J4 c.p.s.) at z 5.21, compatible with an 
H-r-H-2 cis-relationshipls. These coupling constants are best accommodated by 
assigning the D-xyloside structure (IXb) to the major component and the D-arabinoside 
structure (Vb) to the minor component. That these assignments are correct was 
demonstrated in the following way. Acetylation of the bromohydrins (Vb and IXb) 
gave the syrupy diacetates (VIIb and XIb), which were hydrogenated directly, to give 
methyl 2,5-di-0-acetyl--+deoxy-/3-D-arabinofuranoside (VIIIb) and methyl 3,5-di- 
U-acetyl-%deoxy-B-D-xylofuranoside (XIIb). The n.m.r. and i-r. spectra of VIIIb 
and XIIb were identical with the spectra of authentic samples of these compounds 
prepared by Casini and Goodman6, and proved beyond question our structural 
assignments for the bromohydrins Vb and IXb. 

Treatment of methyl 5-0-acetyl-2,3-anhydro-cc-D-lyxofuranoside (IVb) with 
magnesium bromide in 1,2-dimethoxyethane gave again a syrup which, when converted 
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into its trlmethylsilyl ether and submitted to v.p.c., proved to consist of I major 
component of about 85% purity, either the 3-bromo-D-arabinoside (Via) or the 
2-bromo-D-xyloside (Xa). Conversion of this bromohydrin into the deoxypentoside 
diacetate (VIIIa or XIIa) as described for the B-D series, followed by acetolysis and 
deacylation, gave 3-deoxy-D-three-pentose6, characterized as its crystalline 2-benzyl- 
2_phenylhydrazone, which was identical with the authentic benzylphenylhydrazone6. 
The origin of the 3-deoxy-D-rhreo-pentose must be methyl 5-U-acetyl-3-bromo-3- 
deoxy-a-D-arabinofuranoside (Va); hence, the epoxide (IVa) must react with magne- 
sium bromide by almost exclusive attack at C-3, as no 2-bromo compound (IXb) 
could be detected. 

The epoxide (IVb) reacts with magnesium bromide, predominantly at C-2, 
a reaction which represents the second example of a predominant attack at C-2 of an 
anhydro-D-lyxofuranoside. The overall course of the reaction of magnesium bromide 
with methyl 5-O-acetyl-2,3-anhydro-a(and p)-D-lyxofuranoside is qualitatively 
similar to the reaction of the anhydro-D-lyxosides with sodium a-toluenethioxide6, 
not to that with sodium methoxide 2. To the best of the authors’ knowledge, the 
reaction of methyl 2,3-anhydro-a-D-lyxofuranoside with sodium methoxide represents 
the only example of a nucleophilic attack of the anhydro-a-D-lyxoside at C-2. 

EXPERIMENTAL 

Vapor-phase chromatograms, both analytical and preparative, were performed 
with a Wilkens, Autoprep 700, gas chromatograph, using a 5’ x 3/8” stainless-steel 
column packed with 15 % phenyl diethylaminosuccinate on Chromosorb W (6o-80 
mesh). Helium was used as the carrier, at a flow rate of 340 ml/mm. The column 
temperature was 170-175”. 

Melting points were determined with a Fisher-Johns apparatus, and are correc- 
ted. Specific rotations were determined with a Rudolph photoelectric polarimeter. 
Thin-layer chromatograms were run on silica gel HF (E. Merck A.-G. Darmstadt). 
Spots were detected by means of iodine vapor. Organic solutions were dried with 
anhydrous magnesium sulfate. N.m.r. spectra were recorded for solutions in deuterio- 
chloroform, using tetramethylsilane as the internal standard, with either a Varian 
A-60 or HA-100 spectrometer. 

Methyl 5-0-acetyl-2,3-anhydro-wx’yxopyranoside (IVa) 
To a solution of 5.0 g (34.2 mmole) of methyl 2,3-anhydro-a-D-lyxofuranosides 

in 50 ml of pyridine was added 6.5 ml (68.8 mmole) of acetic anhydride, dropwise 
with stirring. The resulting solution was kept for 18 h at room temperature and then 
the excess acetic anhydride was decomposed by the addition of 30 ml of ice-water. 
The aqueous mixture was extracted with three 4o-ml portions of chloroform. The 
chloroform extracts were dried, and evaporated to dryness in uacuo, to give 6.6 g 

of crystalline product (IVa). Recrystallization from 50 ml of petroleum ether (b-p. 
62-70”) gave 5. I g (78 %) of material, m-p. 71.5-72.5° in 2 crops. 
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An analytical sample was obtained by sublimation, and had m-p. 72_s73.$; 

[a]~ + 69 (c I, chloroform); Lmax NuJol 5.70 (C=O), 8.05 (acetate C-O-C); 11.33 ,u 

(epoxide). 

Anal. Calc. for CsH1205: C, 5x.1; H, 6.43. Found: C, 51.2; H, 6.43. 

Methyl 5- O-acetyl-2,3-anhydro-p-D-lyxopyranoside (IVb) was prepared in 
89% yield by the same procedure, as a colorless oil, b.p. 80-92” (0.02 Torr), [a]~ 
--80” (c I, chloroform), i!Ai2 5.70 (C=O), 8.05 (acetate C-O-C) 11.3 ,U (epoxide). 

Anal. Calc. for CsH1205: C, 51.1; H, 6_43_ Found: C, 51-1; H, 6-70~ 

Methyl J-O-acetyl-2-bromo-z-deox-y-@%xylofuranoside (IXb) and methyl S-O-acetyl- 

$bronzo-3-deoxy-F-D-arabinofuranoside (Vb) 
A solution of magnesium bromideg, prepared from 2.0 g (82.4 mmole) of 

magnesium and 11.0 ml (127.4mmole) of r,2-dibromoethane in IOO ml of ether was 

evaporated to dryness in racuo. To the solid residue was added a solution of 2.0 g 
(10.6 mmole) of methyl 5-O-acetyl-2,3-anhydro-B-D-lyxofuranoside (IVb) in IOO ml 
of dry r,a-dimethoxyethane. The resulting mixture was heated for 3.5 h under reflux 

(nitrogen atmosphere); then the mixture was cooled and 40 ml of water was added. 
The pH of the mixture was .adjusted to pH 2 with 5 N hydrochloric acid, and the 
aqueous solution was extracted with two 40-ml portions of chloroform. The combined 
chloroform extracts were washed successively with 15 ml of 5% aqueous sodium 

thiosulfate and 15 ml of water, dried, and evaporated to dryness in vacua, to yield 

2.57 g (89%) of a yellow syrup. Vapor-phase chromatography of the trimethylsilyl 
ether12 of the crude product showed it to contain two main components in the ratio 
of 2:1. 

To a solution of the crude product (Vb and IXb) in 8 ml of dry pyridine were 
added 13 ml of hexamethyldisilazane and 1-3 ml of chlorotrimethylsilane. The 
reaction mixture was stirred at room tenzperature for 5 min, 30 ml of dry benzene 
was added, and the solution was centrifuged to remove the precipitated salts. The 

supematant liquor was purified by means of preparative gas-chromatography at 
170”, to separate the trimethylsilyl ether VIb from Xb. A recovery of 1.24 g (38%) 
of Xb (retention time, 6.23 min) and 0.49 g (15%) of Vib (retention time, 7.18 min), 
both as their trimethylsilyl ethers, was effected. 

The trimethylsilyl ether Xb (1.24 g) was mixed with 30 ml of 50% aqueous 
methanol and kept for 16 h at room temperature. The trimethylsilyl ether had not 
entirely dissolved, so the mixture was heated for an additional 4 h at 55”, by which 
time, dissolution was complete. The solvent was removed in vaczzo, and the resulting 

syrup was dried by the addition, and removal in vacua, of 5 ml of absolute ethanol, 
to give 0.96 g (98%) o methyl 5-O-acetyl-2-bromo-2-deoxy-B-D-xylofuranoside (IXb) f 
as a colorless oil; [a]g -35” (c 0.97, chloroform); Lk\t 2.82 (OH), 5.69 p (acetate 
C=O). 

Anal. Calc. for CsHlsBrO5: C, 35.7; H, 4.87; Br, 29.7. Found: C, 35.4; H, 4.73; 
Br, 29.6. 

The n.m.r. spectrum showed a singlet at t 4.89 which was assignable to H-I 
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of IXb, together with a trace of a doublet, t 5.23, due to some contamination by the 

3-bromohydrin (VIb). That this contamination was present was borne out by repeating 
the v.p.c. of the trimethylsilyl ether of purified IXb; there was a second peak, 
representing the presence of about 10% of Vb in the 2-bromohydrin IXb. 

Treatment of the trimethylsilyl ether (VIb) (o-49 g) in 30 ml of 50% aqueous 
methanol as described above gave 0.39 g (IOO~%) of methyl 5-U-acetyl-3-bromo-3- 
deoxy-B-D-arabinofuranoside (Vb) as a colorless oil, [c&e -89” (c o.gr, chloroform). 

Anal. Calc. for CsHrsBrOs: C, 35.7; H, 4.87; Br, 29-7. Found: C, 36.1; H, 5.06; 
Br, 29.6. 

The n.m.r. spectrum of Vb showed a doublet (J 4.5 c.P.s.), assignable to H-r 
of Vb. There was no evidence for contamination by the 2-bromohydrin (IXb), 
either in the mm-r., spectrum or by v.p.c. of the trimethylsilyl ether. 

Methyl 2,5-di-O-acetyZ-3-deoeo.uy-B_D-threo-pentof~ranos~de (Vlllb) 

Acetylation of methyl 5-U-acetyl-3-bromo-3-deoxy+?-D-arabinofuranoside (Vb), 
(0.32 g, r.rg mmole) in 5 ml of pyridine with 0.5 ml (5.29 mmole) of acetic anhydride 
at room temperature gave 0.35 g (95%) of the diacetate (VIIb) as a yellow oil which 
was free of hydroxyl i.r. absorption at 2-g ,u and which was used directly for the next 
step. 

A solution of 0.29 g (0.93 mmole) of the diacetate (VIIb) in 30 ml of 2-methoxy- 
ethanol was treated with Norit, and filtered through a Celite pad. To the filtrate was 
added o. r4 g (2.1 mmole) of anhydrous sodium acetate and 0.15 g of 5% palladium- 
on-carbon. The resulting mixture was stirred under an atmosphere of hydrogen for 
22 h, at room temperature, by which time, hydrogen uptake had ceased. The mixture 
was filtered through a Celite pad, and the filtrate was evaporated to dryness in cacao. 

The residue was partitioned between 40 ml of ether and 40 ml of water. The ether 
layer was washed with saturated aqueous sodium bicarbonate and water, dried, and 
evaporated to dryness in cacao, to yield o. r 7 g (79 %) of product (VIIIb) as colorless 
crystals, m-p. 53-56_5”_ Recrystallization from petroleum ether (b.p. 62-70~) gave 
o. 13 g of material having m.p. 6o-64”. Methyl 2,5-di-O-acetyl-3-deoxy-/?-D-xylofurano- 
side (VIIIb), prepared by Casini and Goodman 6, had m.p. 63-64”. The i.r. and n.m.r. 
spectra were identical for the compound (VIIIb) prepared by either route. 

Methyl 3,5-di-O-acet~ll-2-deo~y-8_D-threo-pentofuranoside (XIIb) 
Acetylation of o. r 36 g (0.5 r mmole) of methyl 5-O-acetyl-2-bromo-2-deoxy-B-D- 

xylofuranoside (IXb), followed by hydrogenolysis of the resulting diacetate (XIb) 
as described for the preparation of (VIIIb), gave 78 mg (64%) of product (XIIb) 
as a colorless oil that had i.r. and n.m.r. spectra identical with that of XIIb prepared 
by Casini and Goodmans. 

Methyl 5-O-acetyZ-3-bronzo-3-deo~y-~-D-arabi~zofararzoside (Va) 

A solution of 1.0 g (5.32 mmole) of methyl 5-O-acetyl-2,3-anhydro-u-D- 
lyxofuranoside (IVa) in 50 ml of r,a-dimethoxyethane,was heated with magnesium 
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bromide at reflux as described for the B-D anomer (Vb), except that refluxing was 
conducted for 24 h, to give 1.06 g (74%) of broinohydrin (Va). V.p.c. of the trimethyl- 
silyl ether of the reaction product showed a major peak (retention time, 5.2 min), 
representing 85% of the volatile components, along with 2 minor components. 

Anal. Calc. for CsHl2BrCs: C, 35.7; H, 4.78; Br, 29.7. Found: C, 37.3; H, 5.26: 
Br, 28.9. 

Tben.m.r. spectrum of the reaction product showed H-I 2t t 5. rg (Jr,2 = 2 c.P.s.), 
suggestive of a Irans-relationship between H-I and H-2. 

Characterization of Va was accomplished by acetylation, to give the bromo- 
hydrin diacetate (VII a), followed by hydrogenation to the deoxypentoside diacetate 
(VIIIa). The n.m.r. spectrum of VIIIa showed H-I as a singlet (t 5.04), H-2 as a 
qUai%et (&2’ 2 C.&s.; &,2” 6 c.p.s.; t 4_g5), H-3’ 2s 2 multiplet (Z 8.3), H-3” 2s 2 
multiplet (Z 7.9, and H-4 and H-5 as a multiplet (t 5.7). 

Acetolysisl4 of VIIIa with acetic anhydride-acetic acid-sulfuric acid, followed 
by methanolysis of the resulting triacetate with methanolic sodium methoxide, gave 
3-deoxy-n-fhreo-pentose, characterized 2s the a-benzyl-a-phenylhydrazone, m-p. 
81.5-83-0”. The i.r. spectrum of this material was identical with the spectrum of the 
benzylphenylhydrazone, m.p. 86.o-86.5”, prepared by Casini 2nd Goodma@. 
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The reaction of anhydrous magnesium bromide with methyl 5-O-acetyl-a,3- 
anhydro-/I-D-lyxofuranoside results in a mixture of methyl 5- U-acetyl-a-bromo-2- 
deoxy-P-D-xylofuranoside and methyl 5-0-acetyl-3-bromo-3-deoxy-B-D_arabino- 
furanoside, with the D-xyloside preponderating. These results contrast with the results 
of normal nucleophilic opening of an anhydro-B-D-lyxofuranoside, where attack at 
C-3 predominates to give a D-arabinofuranoside; the reaction represents the second 
example of predominant attack at C-2, to give 2 D-xyloside. 

The reaction of anhydrous magnesium bromide with methyl 5-0-acetyl-2,3- 
anhydro-a-D-lyxofuranoside follows the normal course, and methyl 5-U-acetyl-3- 
bromo-a-D-arabinofuranoside was the only product observed. 
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INTRODUCTION 

Complex glycosphingolipids, containing more than one sugar residue attached to 
the ceramide moiety have been known for some time. They include the gangliosidesl 

and various disaccharide-, trisaccharide-, and glycosamino-lipids found in different 
organs, both under normals-s and pathologicalsn 7 conditions. In some cases, the 
disaccharide-lipids may comprise an appreciable proportion of the total neutral 
glycolipidss and have important immunological propertiess. 

The lactosylceramide, cytolipin H, has been completely characteriseds and 
recently synthesized*, and it would appear that the lactosyl moiety is common to 
most of the complex glvcosphingolipids. However, the structure of some of these -_ 
complex compounds has not yet been elucidated, and the possibility exists of naturally 
occurring dihexosides containing sugars other than lactose. In the case of the ceramide 
trihexosides, the question arises of the site of linkage of the galactosyl moiety on the 
lactoside2. It is of interest, then, to devise a method for the preparation of cerebrosides 
having suitable hydroxyl groups free for the unambiguous selective attachment of 
further glycosyl units. This would provide a means of synthesizing the more complex 
rrlvcosphingolipids, and would offer an alternative approach to the direct attachment -_ 
of oligosaccharide units to a suitably protected ceramide. It would further provide a 
convenient possibility of preparing a common monoglycosyllipid to which could be 
added, at will, specified glycosyl units or other substituents. Owing to the known 
reactivity of the primary hydroxyl group at C-6 in hexopyranose sugars”, attention 
was first directed towards the preparation of a suitably substituted cerebroside, 
having a free hydroxyl group at C-6, and the attachment of various glycosyl units to 
this compound. 

In order to synthesize ceramide dihexosides, the preparation of the key inter- 
mediate - (&&gtri-O-acetyl-p-rr-hexopyranosyl)ceramide - was investigated. The 
presence of acetyl groups precludes the removal by alkaline or mineral acid hydrolysis 
of substituents at C-6, while application of this work to the unsaturated series 
(sphingosine) precludes hydrogenolysis. 

Consequently, it seemed that a more promising approach (and a more direct one) 
would be to utilize suitable acylglycosyl halides possessing an unsubstituted hydroxyl 
group at C-6. Such derivatives of both D-glucopyranose and D-galactopyranose have 
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already been described. The glucose compound, 2,3,4-tri-0-acetyl-cr-D-glucopyranosyl 
bromide10 (I) condenses with itself in the presence of silver oxide to give (r+6)- 
linked oligosaccharidesll. It might be expected, then, that the reaction of 3-0- 
benzoyl-iV-octadecanoyl-DL-dihydrosphingosine* (II) with such a halide might 
provide a mixture of mono- and oligo-saccharides of II together with (I+$)- 
linked glucose polymers. Careful selection of reaction conditions would minimise the 
production of oligosaccharide derivatives of II, and the separation of the glyco- 
sphingolipids produced, from non-lipid material, should be relatively simple. Indeed, 
it was found that a reasonable yield of the required substituted cerebroside (III) was 
obtained by adding the halide (I) portionwise to an excess of II in a vigorousIy 

stirred nitromethane-benzene solution. When, however, excess of the halide was used, 
an appreciable proportion of the substituted disaccharide was formed. Saponification 
of the reaction product, followed by chromatography on silicic acid, enabled the 
isolation of the ceramide dihexoside (IV). 

CH9-l 

RP 0 RI 

Ics>i OAc 
R4 R2 

OAc 

I. R1 = H, RZ = Br, R3 = H, R4 = OAc 

Ii. HOCH-CH-CH-(CH314-CH3 

i i 
Cl7H3sCOHN OBz 

III. Rl = -0-CHs-CH-CH-(CH&4-CH3, R3 = H, R3 = H, R4 = OAc 

I I 
CliH35COHN OBz 

V. RI = H, Rz = Br, R3 = OAc, R4 = H 

VI. R1 = H, Rr = Cl, R3 = OAc, R4 = H 

VII. RI = -0-CHo-CH-CH-(CH&4-CH3, Rc = I-I, R3 = OAc, R4 = H 

i 
I 

Cl5H3jCOHN ‘OBz 

The corresponding galactosyl bromide (V) has not been obtained in crystalline 

form, hut the oily product resulting from the treatment of 2,3,4-tri-0-acetyl-r,6- 
anhydro+D-galactopyranose with titanium bromide reacted with II to give the 
desired compound. The chloride (VI) has already been characterized as a crystalline 
compound11 and this was also found to react with II, to give, in slightly higher yield, 
the identically substituted cerebroside (VII). The optical rotation and n.m.r. spectrum 
of VII indicated the B-D-glycosidic configuration. 

A proof that there had been no migration of acetate groups under the glyco- 

sidation conditions was afforded by the preparation of pure methyl 2,3,4-tri-O- 
acetyl-6-O-p-tolylsulfonyl-p-D-glucopyranoside in good yield by reaction of I with 
methanol, under reaction conditions similar to those used for the cerebrosides, 

*Sphingosine is the trivial name for D-erythro-2-amino-tralls-4-octadecene-I,3-diol. 
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followed by p-toluenesulfonation of the reaction mixture and crystallization from 
methanol. Likewise, methyl z,~,~-tri-O-acetyl-6-O-triphenylmethyl-~-D-galacto- 
pyranoside was isolated from the product of reaction of VI with methanol followed 
by tritylation. 

The substituted cerebrosides thus prepared could be brought into reaction 
with tetra-0acetylglycosyl halides to give disaccharide esters. Reaction was only 
partial, and, following transesterification to remove the ester groups, separation by 
chromatography from monoglycosides was feasible. The glycosyl- or galactosyl- 
dihydroceramides (monohexosides) obtained as by-products were shown to be ident- 
ical with those resulting from the direct reaction of II and the corresponding tetra- 
0-acetylglycosyl bromide, thus proving that the glycosyldihydrosphingosine linkages 
in both the mono- and di-saccharides had the same anomeric cormguration. One of the 
dihexosides (IV) prepared by this method of stepwise addition showed the same speed 
of migration on t.1.c. in two solvent systems as the compound prepared in our 
laboratory I2 by direct interaction of II with hepta-O-acetyl-a-D-gentiobiosyl bromide, 
and the identity of melting point and optical rotation proved that the linkage between 
the two sugar moieties in compound IV is of the B-D configuration. 

All the ceramide monohexosides (cerebrosides) and ceramide dihexosides 
prepared showed a similar complex behavior-n on heating between glass slides. A 
translucent glass formed at temperatures varying between IIO and 120°, and this 
glass cleared sharply and reproducibly at the temperature indicated as m.p. The 
prevalent j%~ anomeric configuration obtained in these reactions is in accordance 
with previous results of glycosidations by using mercuric cyanide in nitromethaners-17. 

. 

OH OH OH 

78,R = HOJ- =,R = HOw”z&oH 

OH 
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ExFEFmENTAL 

lvlelrmg pomts were taken between glass slides on a Fisher-J’ohiis ZXppiZtiiS 

and were corrected. Rotations were determined in semimicro-tubes, using a Perkin- 
Elmer 141 polarimeter. N.m.r. spectra were recorded with a Varian A-60 n-m-r. 
spectrometer using tetramethylsilane as internal standard and deuteriochioroform as 
solvent. “Silica gel” refers to silica gel Davison, grade g5o,60-zoo mesh, used without 
pretreatment; the flowing method was used, and elution was stepwise, in order of 
increasing polarity of the solvents. The proportion of weight of substance added to the 
column to weight of adsorbent was I to 50-100. The fractions eluted were 2 ml/g 
of the column. “Silicic acid” refers to Bio-Rad silicic acid, used after preliminary 
heating for 60 min at 120“, and the chromatographic columns were prepared using 
chloroform-methanol rg: I. Thin-layer chromatograms were performed on Kieselgel G. 
(E. Merck, Darmstadt). 

3-O-Ben-_L?vl-N-ocfa~ecanoyZ-DL-dilz~~drosp/zingosine (II) 
This compound was prepared, in go% yield, by the method described in the 

Iiterature14, m.p. 73-75O. 
Anal. Calc. for C4sH77N04: C, 76.83; H, 11.55; N, 2.08. Found: C, 76.90; 

H, 11.35; N, 2.01. 

2&j-Tri-O-aceryl-a-D-gkopyranosyl bromide (I) 
A solution of titanium bromide (5 g) in dry, alcohol-free chloroform (5 ml) 

was added to a stirred solution of 1,2,3,4-tetra-O-acetyl-P-D-glucopyranosel* (2 g) 
in chloroform (20 ml), and the mixture boiled under reflu?r for 30 min, with careful 
exclusion of moisture. After being cooled, the organic layer was washed successively 
with a cold sodium bicarbonate solution and with water, and was dried with calcium 
chloride. It was concentrated in uaczfo to a few ml, and crystallization was 
induced by the addition of hexane to turbidity_ The yield was 1.10 g (52x), m-p. 
120-122~ (raised to 123” on recrystallization), [z]&’ + 21g” (c 0.60, chloroform). 
This product was identical with that produced by the treatment of 2,3,4-tri-O-acetyl- 
r,6-anhydro-/?-D-glucopyranose with titanium bromidell. 

r,3,4-Tri-0-acetyl-a-r-D-galactopyranosyl bromide (V) 
Treatment of 2,3,4-tri-U-acetyl-I,6-anhydro-~-D-gdlactopyranose1g (1.0 g) 

with titanium bromide in chloroform solution, as described for I, gave an oil (1.1 g), 
[~(]g + 147-4” (c r-53, chloroform). This oil could not be crystallized, but was used 
directly for glycosidation. 

z-O-~-~-GZzrcopyranosyZ)-N-octadeca~zoyl-~~-dih~~drosphingosjne (VIII) 
A stirred solution of 3-U-benzoyl-N-octadecanoyl-IX-dihydrosphingosine 

01, 670 mg, 0.001 mole) in nitromethane (30 ml) and benzene (20 ml) was boiled 

until approx. 20 ml of the solvent mixture had distilled, to ensure complete dehydration 
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and then cooled to 70”. Mercuric cyanide (250 mg, 0.001 mole) and 2,3,4,6-tetra-0- 
acetyl-cc-D-glucopyranosyl bromide (410 mg, 0.001 mole) were added, and the 
____LZ_- ___^^ ̂^^L:---^l ^_.^ -Z-1-L -L D-0 ._--1-- -I.Lll.. --L-.1 _^__^ ---l:c:,,” reacl,I”Il was L;“IILIuuCU ““rlmgile al. .,” LlllUel rlg:luly allllyurvlrs U”UUILI”US. 

After being cooled, the mixture was diluted with benzene (5oml) and washedsuc- 
cessively with a cold, saturated, solution of sodium bicarbonate and water, dried over 
sodium sulfate, and concentrated in z;act;o. The residue was dissolved in hexane and 
passed through a column of silica gel (50 g)_ Hexane (200 ml) eluted 780 mg (80%) 
of material, which was contaminated with a small proportion of compound II. Part 
of this product (400 mg) was saponified overnight, at room temperature, with a 
catalytic amount of sodium in anhydrous methanolso. The addition of a little ice 
precipitated an amorphous solid (295 mg). This was dissolved in chloroform- 
methanol, 1g:1, and chromatographed on silicic acid. This solvent mixture removed 
dihydroceramide, and chloroform-methanol g:r eluted fractions which crystallized 
from acetone-pyridine-water g:r: I, in clusters of tiny needles (200 mg, 54% yieid 
from II), m.p. 180” (after previous sintering), [&? -2.3O (c 1.0, pyridine). 

AnaL Cab for CazHs3NOg: C, 69.01; H, 11_47_ Found: C, 69.21; H, 11.56. 

I-O-CB-D-Galactupyranosyl)-N-octadecanoyz-DL-djhydrosphjngosjne (Ix) 
Treatment of II (670 mg) with 2,3,4,6-tetra-O-acetyl-cr-D-galactopyranosyl 

bromide (410 mg) and chromatography under the conditions previously described for 
(VIII), eluted a waxy solid which crystallized from cold methanol; yield 700 mg 

(73%), m-P- 42-43”, bl:5 -8.2O (c r-47, chloroform)_ N.m.r. Hra, 2s at t 5.45 

(Jl,z 8 c.p.s.). 
Anal. Calc. for Cs7HgsNOrs: C, 68.30; H, g.55_ Found: C, 68.60; H, g-63. 
Catalytic saponification,followed by chromatography on silicic acid and recrys- 

tallization from go% aq. acetone-pyridine, gave 300 mg (41% yield from II), m-p. 
Ig2-Ig3° (after previous sintering), [& -0.3~ (c 1.33, pyridine). 

Anal. Calc. for C42HssNOp: C, 69.01; H, I 1.47. Found: C, 69. I 8 ; H, I I .40_ 

~-O-Ben~oyi-N-octadecanoyl-I-O-(2,~,~-tri-O-acetyl_B-D-glrtcop~~ranosyl)-DL- 

dihydrosphingosine (ZZZ) 

To a stirred solution of II (I -308, o.oo2o mole), in a mixture of nitromethane and 
benzene (50 ml, 3:2), (dried as previously described) at 70“, was added mercuric 
cyanide (500 mg), and four separate portions of I, totalling 700 mg (o.ooIg mole), 
spaced 2 h apart, the last portion being accompanied by a further addition of 200 mg 
of mercuric cyanide. The reaction was allowed to continue overnight at 70” and the 
product was isolated and purified in the usual manner. Crystallization from cold 
methanol gave 770 mg (40%), m.p. 46-48”, [cz]~ -1.1~ (c 1.20, chloroform). N-m-r. 
showed Hla,sa at T 5.55 (JI,~ 8 c.p.s.), and g protons (OAc) at t 7.95, using the five 
aromatic protons at z 2.4 as a standard_ T.1.c. in benzene-ether, 2:1 showed RF 
0.15 and &I 0.5. 

And. Calc. for CssHssNOrz: C, 68.79; H, 9.76; Found: C, 68.69; H, 9.95. 
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3-O-BenzoyZ-N-ocfadecanoyZ-I-O-(,7,3,4-tri-O-ace~yZ-~-D-gaZac~opyranosyZ)-DL- 
dihydrosphingosine (VII) 

(A) Treatment of II (0.97 g) with 2,3,4-tri-0-acetyl-c+D-galactopyranosyl 
chloridelO (VI) and mercuric cyanide in nitromethane-benzene, and purification as 
described previously, gave 520 mg (40x), m.p. 47-48”, [cz]$ + 5.0” (c 1.03, chloroform). 
N-m-r. showed IIla,za at t 5.55 CJ1 ,2 8 c.p.s.) and g protons (OAc) at T 7.8-8.1. 
T.1.c. in benzene-ether, 2:1, showed RII 0.4. 

Anal. Calc for GsHgsN012: C, 68.79; H, 9.76 Found: C, 68.77; H, g-57. 
(B) A solution of the oily bromide, V (1.0 g) in dry benzene (5 ml) was added 

dropwise to a nitromethane-benzene solution of II (1.40 g), over a period of 60 min 
at 7o”, and the mixture was kept overnight at 70”. After purification in the usual 
way, 0.65 g (35%), m.p. 48-5o”, [& + 4.70 (c LO, chloroform), was obtained by 
crystallization from cold methanol. This product was gure on t.1.c. using benzene- 
ether 2:1 or benzene-methanol g:~, and identical with the product obtained by 
method (A) (mixed m-p. and i-r. spectrum). 

xx^+L...T _ _ - A ___*_.I ‘r A _ r_l_.T_..ll‘____.l D 
IU rlnyr ;, j,4-ii’i-v-ucerryr-u-v-p-lulyfsul/anyf-p-D-~~~~~~~i~~~~~ 

A stirred mixture of I (300 mg), anhydrous methanol (0.05 ml), and mercuric 
cyanide (300 mg) in nitromethane (20 ml) and benzene (~oml), was kept at 50” for 
18 h. The usual work-up and evaporation of the organic layer gave a residue weighing 
250 mg. To this was added I. I mole p-toluenesulfonyl chloride in pyridine solution 
and the clear solution was kept for 24 h at room temperature. On addition of excess 
cold water a crystalline solid precipitated. Recrystallization from methanol gave 
--0Alar /-,,.rr . . ?_O, ^_.,._..11 ..I^,J\ --_O r-725 
utxu~c;zi ~LUV u~g, 2~1" uvclii11 yuxu~, iii.p. i7G-l,/r , L~,D f -7-3" (c I-02, &ioroformj 

(reportedpI, m-p. I~c-I~I~, [a]~ _t 7.2O). The product was homogeneous on t.1.c. 
with benzene-methanol g:~ as developing solvent, RF 0.7. 

Anal. Calc. for C20H26011S: C, 50-62; H, 5.52; S, 6.76. Found: C, 50.58; H, 

5.45; S, 6.74- 

Methy/ 2,3,4-tri-O-acetyZ-6-O-tripZlenyZtnetZlyZ-~-D-gaZactopyralloside 
Treatment of VI (Ioomg) with methanol (o.o2ml) and mercuric cyanide (roomg) 

in nitromethane-benzene 2:1 (IO ml) under similar conditions gave a sirup (IOO mg). 
This was dissolved in pyridine (I ml), chlorotriphenylmethane (go mg) was added, and 
the solution was kept at room temperature for 24 h. On addition of cold water (20 ml), 

a sticky solid precipitated; this was collected, washed thoroughly with water, dried, 
and crystallized from ether-hexane. The product (79 mg, m.p. 136-138”, 51%) 
was homogeneous on t.l.c., RF 0.84 (benzene-methanol 15:1) and indistinguishable 
from an authentic specimeG (m.p. and t.1.c.). 

1-0-[6-O-~-~-GaZactopyranosyZ)-~-~-gZucopyranosyZ]-N-octadecl7noyZ-DL- 
dihydrosphingosine (X) 

To a solution of III (480 mg, 0.005 mole) in a stirred mixture of nitromethane 
and benzene at 70’ (dried as described previously), was added mercuric cyanide 
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graphy, using benzene-ether 2:1 as developin, m solvent, showed two spots, one 
of which was indicative of III, and the other remained at the point of origin. 
Catalytic saponification of 150 mg of this mixture, followed by chromatographic 
separation on silicic acid, gave 3g mg of VIII and 14 mg of IV, i.e. the ratio of 
disaccharide isolated to monosaccharide was 0.35: I. 

r-O-[6-O-CB-~-Galactopyranosyl)-B-~-galactopyranosyl]- 

dihydrosphingosine (XI) 

A solution of VII (700 mg) in nitromethane and benzene was treated with 
mercuric cyanide and 2,3,4,6-tetra-0-acetyl-a-mgalactopyranosyl bromide under 
the conditions described for X. After catalytic saponification, the product was 
purified by chromatography on silicic acid. Elution with chloroform-methanol Lg: I 
gave 125 mg (24x), m.p. rgo”, [~]2D6--0.7~ (c I,OO, pyridine), &J 0.15, identical with 

that of VII. Chloroform-methanol g:r eluted ~oomg (15x), m.p. 215”, [c;Jn -1.8” 
(c 0.73, pyridine), & 0.28. The developing solvent for the t.1.c. was in both cases 
chloroform-methanol-ammonia 80:20:0.4. 

Azzal. Calc. for CrsHssN01s*H20: C, 63.33; H, 10.52: Found: C,63.56; H, 10.79. 
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The condensation of 2,3,4-tri-O-acetyl-cr-D-gluco- or -galacto-pyranosyl halides 
(I, V, VI) with 3-O-benzoyl-N-octadecanoyl-DL-dihydrosphingosine (II) gave the 
dihydrocerebroside derivatives, 3-O-benzoyI-N-octadecanoyl-r-0-(2,3,4-tri-O-acetyl- 
/?-D-glucopyranosyl)-DL-dihydrosphingosine (III) and its galactose analog (VII). 
From the reaction mixture obtained by treatment of these esters with 2,3,4,6-tetra- 
n_~~~t.rl_~_n_ol,rm_/nr u~l~,+n\_nvtanncvl hrnm;rl,= R n_~~_dXlinkerl rl;hvrlmretam;rlc. v-u’~.,I;“.~Y~~u-.. \ v1 bU’U_‘V, yJ ‘..yv”J~yLv*-yI)p-y \’ . v, -““.----.-,-LV-~-U.LYY’ 

dihexosides could be isolated. One of these compounds was identical with that 
obtained by direct reaction of hepta-U-acetyl-cr-D-gentiobiosyl bromide with II. 

Treatment of I with methanol, followed byp-toluenesulfonylation, gave a good 
yield of methyl ~,~,~-tri-O-acetyl-6-O-p-tolylsulfonyl-~-~-glucopyranoside. Treatment 
of VI with methanol, followed by reaction with chlorotriphenylmethane gave in 
good yield methyl 2,3,4-tri-O-acetyl-6-O-triphenylmethyl-~-o-galactopyranoside. 
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DERIVATE DER ZUCKER-THIOACETALE 
XXXvII. MImILUN&. BENZYLIDEN-VERBINDUNGEN DFX PBNTOSE-DIALKYLACETALE 

H. ZINNER, B. RICHARD, M. BLESSMANN, urn M. SCHLU-IT 

Institut ftir Organisclre Chemie der Wnicersitiit, Restock (D.D.R.) 

(Eingegangen den 4. Januar, 1966) 

Zuckeralkohole bilden mit Aldehyden bei Gegenwart von sauren Katalysatoren 

cyclische Acetale, die unterschiedliche Ringweite aufweisen k&-men. Die Regeln van 
Harm und Hudson” gestatten Aussagen iiber die Bildungstendenz und Stabilitgt der 
Verbindungen. Je nach Ringweite und sterischer Anordnung der acetalbildenden 

Hydroxyl,mppen werden die Acetalringe als PC-, /I-, CCT-, o(-, ,!3T-, oder yT- Ringe 

bezeichnets. In dieser Reihenfolge nimmt bei den Benzyliden-Verbindungen die 
Bildungstendenz der Acetalringe ab_ XC-, y- und yC-Ringe werden nicht gebildet, 
wenn andere Miiglichkeiten vorhanden sind. 

In den letzten Jahren wurde gezeigt4-7, daD die Regeln von Hann und Hudson 
nicht nur fiir die Benzyliden-Verbindungen der Zuckeralkohole, sondern such fiir 

die der Aldose-thioacetale Giiltigkeit haben. Bei den D-Ribose-thioacetalen (Ia) 
und such bei den D-Xylose-thioacetalen (Ib) ist die Bildung eines nach den genannten 
Regeln bevorzugten PC-Ringes (= z,+Stellung) miiglich. Weiterhin kann ein B-Ring 
(= 3,5-Stellung) enstehen, der die zweite Position in der Bildungsreihe einnimmt. In 
ubereinstimmung damit bilden die D-Ribose-* und D-Xylose-thioacetale” 2,4:&s- 

Di-O-benzyliden-Verbindungen. Bei den D-Lyxose-thioacetalen (Ic) ist ein PC-Ring 
nicht miiglich, wohl aber ein @-Ring. Dieser bildet sich in Kombination mit einem 
D-Ring. Es entstehen also ebenfalls 2,4:3,5-Di-O-benzyliden-D-lyxose-thioace&le6 
(11~). Die Kombination a- und c&-Ring tritt hier nicht auf, weil letzterer sehr ungiinstig 
ist. Bei den D-Arabinose-thioacetalen (Id) stehen @- und #?T-Ring einerseits sowie 
aT- und a-Ring anderseits zur Diskussion. Die Umsetzung von L-Arabinose-diHthyl- 
thioacetali mit Benzaldehyd hat ergeben, daR die letztgenannte Kombination 
bevorzugt ist, es wird das 2,3:4,5-Di-U-benzyliden-L-arabinose-di~thylthioacetal 
erhalten. Wir fiihrten die analogen Untersuchungen such mit dem D-Arabinose- 
digithylthioacetal durch und kamen erwartungsgemHB zum gleichen Ergebnis, wir 
isolierten das 2,3:4,5-Di-O-benzyliden-D-arabinose-di~thylthioacetal (IId). 

Es ist anzunehmen, daB die Regeln von Hann und Hudson nicht nur fiir die 

cyclische Acetalbildung der Zuckeralkohole und Pentose-thioacetale zutreffen, 
sondern such fiir die cyclische Acetalbildung aller Zucker-Derivate, die eine gestreckte, 

nicht cyclische Form aufweisen. Mit den Umsetzungen von Pentose-dialkylacetalen 

Ova-d) 
soll ein 
werden. 

mit Benzaldehyd zu Di-O-benzyliden-pentose-dialkylacetalen (1IIa-d) 
experimentelles Beispiel fiir die Verallgemeinerung der Regeln gebracht 
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Die als Ausgangsmaterial benStigten Pentose-dialkylacetale (Wad) stellten 
wir aus den Tetra-O-acetyl-pentose-dZthylthioacetalens-10 dar. Durch Behandeln 
der Verbindungen mit Methanol oder Athanol und Quecksilber(II)-chlorid bei 
Gegenwart von Quecksilberoxyd nach Green und Pacsurl erhslt man znnachst die 
acetylierten Dimethyl- bzw. DiSthylacetale der Pentosen. Von diesen konnten wir 
lediglich das Tetra-O-acetyl-D-arabinose-dimethylacetal zur Kristallisation bringen, 

HCC3+ 

I 
HCER);! 

I 
HCtOR’l2 

I 

,Ar- - 

HCGR), 

i 

Id lId 

R = C2Hs ; R’ = CH&Hs ; Ar=C6H5 

IEd 

HC(OR’12 

jl 

es wird durch Umkristallisieren aus Ather-PetrolSher gereinigt. Alle iibrigen Tetra- 
O-acetyl-pentose-dialkylacetale fallen als Sirupe an, die sich nur schwer von anhaften- 
den Quecksilber-Verbindungen befreien lassen. Die restlose Abtrennung der Queck- 
silber-Verbindungen gelingt weder durch Ausschiitteln der in Chloroform gelosten 
Tetra-U-acetyl-pentose-dialkylacetale mit wlssriger Kaliumjodid-Losung noch 
durch Ausfallen mit Pyridin als Quecksilber-Pyridin Xomplex. Eine weitgehende 
Reinigung der acetylierten Dialkylacetale wird durch mehrfache Destillation im 
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Hochvakuum erreicht; die meisten Verbindungen konnten so nahezu analysenrein 
gewonnen werden. Unerwarteter Weise bereitete die Entacetylierung der Tetra-O- 
acetyl-pentose-dialkylacetale mit Bariummethylat in Methanol ZLI den Pentose- 
dialkylacetalen Schwierigkeit. Das durch Neutralisation des Bariummethylats 
mit Schwefels%rre entstandene Bariumsulfat fiel kolloidal aus nnd IieB sich durch 
Filtrieren nur schwer abtrennen. Nach dem Einengen der Filtrate erhiilt man die 
Dialkylacetale der D-Arabinose als reine, kristallisierte Verbindungen. Die Dial- 
kylacetale der anderen Pentosen sind jedoch nicht zur Kristallisation zu bringcn; die 
anfallenden sir-up&en Verbindungen sind nicht analysenrein. Wegen ihrer Emp- 
findlichkeit lassen sie sich nicht durch Destillation im Hochvakuum reinigen. 

Obwohl die meisten Pentose-dialkylacetale nicht ganz rein waren, setzten wir 
sie mit Benzaldehyd bei Gegenwart von Zinkchlorid urn. Die besten Ergebnisse wurden 
mit den Dimethylacetalen nach einer dreistiindigen Reaktionszeit erzielt. In Uber- 
einstimmung mit den Regeln von Hann und Hudson erhielten wir von den Dimethyl- 
acetalen der D-Ribose, D-Xylose, und D-Lyxose 2,4:3,5-Di-0-benzyliden-Verbindungen 
(1IIa-c). Das D-Arabinose-dimethylacetal bildete ein 2,3:4,5-Di-O-benzyliden- 
Derivat (IIId). Die analoge Umsetzung der Pentose-diathylacetale verlief teilweise 
unter Komplikationen. Die Verbindungen sind gegen Zinkchlorid empfindlicher, die 
Alkylacetal-Gruppierungen werden wshrend der Reaktion teilweise abgespalten. 

Die Struktur der Di-0-benzyliden-pentose-dialkylacetale lal3t sich durch 
Synthesen aus den Di-0-benzyliden-pentose-dialkylthioacetalen (IIa-d) beweisen. 
Wenn man diese Verbindungen nach Green und Pacsulr mit einem Alkohol und 
Quecksilber(II)-chlorid bei Gegenwart von gelbem Quecksilberoxyd behandelt, 
werden die Alkylthio- gegen Alkoxy-Gruppen ausgetauscht. Es enstehen Di-O- 
benzyliden-pentose-dialkylacetale (IITa-d), in denen sich die beiden Benzyliden- 
Gruppen in den gleichen Stellungen befinden mtissen wie in den Di-O-benzyliden- 
pentose-dialkyltbioacetalen, aus denen sie hergestellt wurden. Die so gewonnenen 
Di-0-benzyliden-pentose-dialkylacetale sind identisch mit denen, die durch 
Umsetzung der Pentose-dialkylacetale mit Benzaldehyd und Zinkchlorid erhalten 
wurden. 

EXPERIMENTF%LER TEIL 

Man lost 2.56 g (0.01 Mol) D-Arabinose-diathylthioacetall” unter Erwarmen 
in IO _ml frisch destilliertem Benzaldehyd, kilhlt die LSsung auf o” ab, leitet go Sek. 
einen langsamen Strom (2 Blasen pro Sek.) trocknen Chlorwasserstoff ein, schiittelt 
dannunter Eintauchen in ein Eisbad urn, bis die Kristallisation beginnt &roMinuten), 
gibt sofort 40 ml Athanol hinzu, kiihlt in einer Eis-Kochsalz-Mischung ab, atriert, 
wascht mit wenig Ather nach, trocknet im Vakuum iiber Kaliumhydroxyd und 
kristallisiert aus Athanol um. Ausbeute r-90 g (44%), Nadeln, Schmp. 103-105~, 

[c&' f 12.6~ (c 2.21, Chloroform). (CssHssO&Ber.: C, 63.86; H,6.52. Gef.: C, 63.62; 

H, 6.57%). 
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_q-0-Benzylinen-D-arabinose-di2thylthioacetal 

Vorstehende Verbindung (3.0 g) wird partiell hydrolysiert, wie fur dieDarstelh.mg 
der entsprechenden L-Verbindung beschrieben 7. Ausbeute 0.70 g (2g”/,), Schmp. 
IOZ-103”, [a]g + 24.6” (c 2.06, Chloroform). (CrsH2404Ss Ber.: C, 55-78; H, 7.02. 
Gef.: C, 55.65; H, 6.go%).Die Verbindung verbraucht bei der Oxydation mit Bleitet- 
raacetat in Benz01 nach 30 Min. 1.0 Mol des Oxydationsmittels. Der dabei gebildete 
Formaldehyd wird als Dimedon-Verbindung mit einer Ausbeute von 41% nach- 
gewiesen. 

Darstelhmg der Di-0-benzyliden-pentose-dialkylacetale (IIIa-d) 

(a) Aus Di-0-benzyliden-pentose-diaikylthioacetaIen 

4.32 g (0.01 Mol) eines Di-O-benzyliden-pentose-diathyl-thioacetaIs4-6 werden 
mit I 30 ml eines absoluten Alkohols, 4.0 g Quecksilber(II)-chlorid, und 6.0 g gelbem 
Quecksilberoxyd 3 Stdn. auf dem siedenden Wasserbad unter Riihren und RiickfluB 
erhitzt. Dann wird heiD filtriert, der Riickstand mehrmals mit dem betreffenden 
Alkohol gewaschen. Die vereinigten Filtrate dampft man bei Gegenwart von Queck- 
silberoxyd ein, extrahiert den Riickstand viermal mit je 30 ml Chloroform, schiittelt 
die vereinigten Extrakte viermal mit je 40 ml 1o-proz. Kaliumjodid-Liisung sowie mit 
Wasser, trocknet mit Natriumsulfat und dampft ein. Das zurtickbleibende Roh- 
produkt kristallisiert oft erst beim Stehenlassen im Eisschrank, es wird bis zur 
Reinheit umkristallisiert. 

(b) Am Penrose-dialkylacetalen 

0.01 Mol eines Pentose-dialkylacetals schtittelt man mit 15 ml frisch destillier- 
tern Benzaldehyd und 2.0 g wasserfreiem Zinkchlorid 3 Stdn. bei 2o”, versetzt dann 
die Liisurg mit IOO ml Ather, schiittelt die Liisung zum Entfernen des Zinkchlorids 
dreimal mit je 20 ml Wasser und dampft den Ather ab. Zum Entfernen des tiber- 
schiissigen Benzaldehyds gibt man 40 ml Wasser hinzu und destilliert dieses im 
Vakuum bei 40” Badtemperatur ab. Diese Operation wird zweimal wiederholt. Den 
Riickstand kristallisiert man urn. 

2,4:3,5-Di-O-benzyZiden-yliden-D-ribose-dirnet~zyZacetaZ, Ausbeute nach (a) I -72 g 
(46x), nach (b) 1.00 g (27x), Nadelchen aus Aceton-Wasser, Schmp. 155-156”, 
[OiJg -44-5” (c 2.30, Chloroform). Lit.12; Schmp. 155-156’. 

z,q:3,5-Di-0-benzyl-D-ribose-diEthyIaceta1, Ausbeute nach (a) 1.88 g (47x), 

Nadeln aus Ethanol-Wasser, Schmp. 14&145”, [c$? -44.2” (c 1.12, ChhXOfOrm). 
(C~Hza06 Ber.: C, 68.98; H, 7.05. Gef.: C, 69.02; H, 6.98%). 

2,.+3,5-Di-0-b enzyliden-D-xylose-dimethylacetal, Ausbeute nach (a) 2.20 g 
(5g”/J, nach (b) 1.15 g (31%), Nadeln aus Methanol, Schmp. 211O, [c$ -8-3” 
(c 1.41, Chloroform). Lit.13, Schmp. 21r”. 
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2,q:3,5-Di-0-benzyliden-D-xyZo.se-dicithylacetaZ, Ausbeute nach (a) 2.60 g 

(65%), nach (b) 1.22 g (30%), Nadeln aus Athanol, Schmp. 17g”, [&? -2.8” (c 2.12, 
Chloroform). (CssHssOa Ber.: C, 68.98; H, 7.05. Gef.: C, 68.79; H, 7.37%). 

2,4:3.5-Di-O-benzyliden-D-Zy.~ose-di~nethyZacetaZ, Ausbeuie nach (a) 2-39 g 

(64%), nach (b) 0.71 g (rg%), Nadelchen aus Methanol-Wasser, Schmp. 12g”, 
[cz]g -42.6” (c 2.64, Ch!oroform). Lit.6, Schmp. 129”. 

2,#:3,5-Di-0-benzyliden-D-lyxose-di&hyZacetaZ, Ausbeute nach (a) 2.00 g (50%), 
Nadelchen aus Ethanol-Wasser, Schmp. Iog”, [c$ -45.4O (c 2.32, Chloroform). 
(C23H2806 Ber.: C, 68.98; H, 7.05. Gef.: C, 68.93; H, 7.17%). 

2,3:4,5-Di-O-benzyZiden-D-arabinose-di~ethyZacetaZ, Ausbeute nach (a) 2.20 g 
(590/o), nach (6) 0.92 g (24%), Nadeln aus Methanol-Wasser, Schmp. 6g-7o”, [a]? 
-19.7” (c 0.68, Chloroform). (CsrH.2~06 Ber.: C, 67.73; H, 6.50. Gef.: C67.83; 

H, 6.74%). 

2,3:4,5-Di-O-benzyZiden-D-arabinose-di~thyZacetaZ, Ausbeute nach (a) 2.72 g 
(68%),Nadeln aus Ethanol-Wasser, Schmp. 68-6g”, [a$ -22.4O (c I.80,Chloroform). 
(CssH2sOa Ber.: C, 68.98; H, 7.05~ Gef.: C, 69.18; H, 6.93%). 

DarsteZZung der Tetra-0-acetyl-pentose-dialkylacetale 

4.24 g (0.01 Mol) eines Tetra-0-acetyl-pentose-digthylthioacetalsg-ll werden 
in der gleichen Weise behandelt, wie oben unter (a) zur Darstellung der Di-O- 
benzyliden-pentose-dialkylacetale beschrieben, man erw&xnt jedoch 8 Stdn. im 

siedenden Wasserbad. Die siruposen Rohprodukte werden bei IO-~ Torr destilliert; 
die Dimethylacetale destilliert man bei einer Badtemperatur von 12o-130°, die 

Diathylacetale bei 115-125~. 

Tetra-0-acetyl-D-ribose-dinzefhylacetal, nach mehrmaliger Destillation im 
Hochvakuum erhalt man 0.81 g (22%) eines Sirups, der nicht analysenrein ist. 
[m]“D” f 18.0~ (c 2.72, Chloroform). 

Tetra-0-acetyi-D-xyZose-dintethyzacef Ausbeute I .75 g (48 %), Sirup, [a]“D” 
i_ 30.6” (c r-29, Chloroform). (C~~H~~OIO Ber.: C, 49.44; H, 6.64. Gef.: C, 49.43; 

H, 6.70%). 

Terra-0-acetyl-D-xyZose-di&hyZacetaZ, Ausbeute 3.42 g (87 %), Sirup, [z]g 
f 32.5” (c 2.38, Chloroform). (C-1~H~sOro Ber.: C, 52.04; H, 7.19. Gef.: C, 51.78; 

H, 6.83%). 

Tetra-0-acetyl-D-Zyxose-dimethyZacetaZ, Ausbeute 2.33 g (64%), Sirup, [oL]~ 
+ 21.6~ (c 3-35, Chloroform). (c15H24010 Ber:: C, 49.44; H, 6.64. Gef.: C, 49.48; 

H, 7.04%). 
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Tetra-0-acetyl-P-Z~x~yxose-diMhylacetal, Ausbeute 2.94 g (75 %), Sirup, [z$ 
i- 30.5”, (c 2.87, Chloroform). (Cl~HnsOro Ber.: C, 52.04; H, 7.19. Gef.: C, 51.21; 

H, 7.17%). 

Tetra-0-acetyl-D-arabinose-dimethyZacetaZ, Ausbeute 2.50 g (6g%), Prismen 
aus Ather-PetrolHther, Schmp. 77O, [c&F + 23.0~ (c 1.31, Chloroform). Lit.14, 
Schmp. 80”. 

Tetra-0-acetyl-D-arabinose-di@thyZacetaZ, Ausbeute 2.70 g (69 %), Sirup, [z]&’ 
+ 16.4” (c 1.41, Chloroform). (C!r~HssOlo Ber.: C, 52-04; H, 7_Ig_ Gef.: C, 52.18: 

H, 7.27%). 

Darstellung der Pentose-dialkylacetale (IVa-6) 
0.01 Mel eines Tetra-O-acetyl-pentose-dialkylacetals wird in 50 ml absolutem 

Methanol geliist, die Lasung mit IOO ml 0.1 N Ba(OCH& in Methanol versetzt und 
36 Stdn. bei 20” stehengelassen. Dann neutralisiert man unter Umschiitteln mit 0.1 N 
H2SO4. Kurz vor Erreichen des Neutralpunktes gibt man etwas Bariumcarbonat 
hinzu, urn zu verhindem, dag die Lijsung voriibergehend sauer wird. Dann schiittelt 
man mit etwas Aktivkohle, filtriert durch ein Kieselgurf?lter und dampft ein. Die 
Dialkylacetale der D-Arabinose kristallisieren, die der anderen Pentosen fallen 
als nicht ganz reine Sirupe an, sie werden bei 64O und 10-s Torr getrocknet. 

D-Ribose-dimethylaceral, Ausb. 1.26 g (64%), [&I? + 6.3” (c 1.08, Wasser). 

D-XyZose-dimethylaceral, Ausb. 1.88 g (g6%), [cY]? + 19-3” (c 1.81, Wasser). 

D-XyZose-diCthyZace?aZ, Ausb. 2.18 g (g7%), [cz]~ + 20.7” (c 1.92, Wasser). l 

D-Lyxose-dimethyZacetaZ, Ausb, 1.92 g (g8%), [c&f + 8.4” (c 2.18, Wasser). 

D-Lyxose-dic?thyZacetaZ, Ausb. 2.17 g @7%), [a]g + ~4-7~ (c 1.89, Wasser). 

D-Arabinose-dimethylacetal, Ausb. r-74 g (go%), Prismen aus Methanol, 
Schmp. 121”, [& -18.1” (c 0.69, Wasser). Lit.14, Schmp. 122~. 

D-Arabinose-di~thyiacetal, 
Schmp. roS-rog”, [&a -16.g” 
Gef.: C, 48.00; H, 8.75%). 

ZUSAMMENFASSUNG 

Ausb. 1.28 g (57%), Nadeln aus AthanoI-Wasser, 
(c I -88, Wasser). (CeHzo06 Ber.: C, 48.20; H, 8.99. 

Die Regeln von Harm und Hudson haben nicht nur Giiltigkeit fiir die Bildung 
von Bemryliden-Verbindungen der Zuckeralkohole und Pentose-thioacetaie, sondern 
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such fiir die Bildung der Di-0-benzyliden-pentose-dialkylacetale. Bei der Umsetzung 
von Dimethylacetalen der D-Ribose, D-Xylose, und D-Lyxose mit Benzaldehyd bei 
Gegenwart von Zinkchlorid erh5lt man 2,4:3,5-Di-0-benzyliden-Verbindungen. Das 
D-Arabinose-dimethylacetal liefert ein 2,3:4,5-Di-0-benzyliden-Derivat. Die Struktur 
der Verbindungen wird durch Synthesen aus zngehorigen Di-O-benzyliden-pentose- 
digthylthioacetalen bewiesen. 

SUMMARY 

The rules of Harm and Hudson apply not only to the formation of benzylidene 
derivatives of sugar alcohols and pentose dithioacetals, but also to the formation of 
di-0-benzylidenepentose dialkyl acetals. Treatment of the dimethyl acetals of D-ribose, 
D-xylose, and D-lyxose with benzaldehyde and zinc chloride yields 2,4:3,5-di-O- 
benzylidene derivatives. D-Arabinose dimethyl acetal gives a 2,3&s-di-0-benzylidene 
derivative. The structures of these compounds were proved by their synthesis from the 
appropriate di-0-benzylidenepentose diethyl dithioacetals. 
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INTRODUCTION 

In an earlier paper-l, we described the preparation of xylo-4,5,6-trihydroxy- 
cyclohexane-r,2,34rione (I) from m]yo-inositol and showed that it forms a crystalline 
bis(phenylhydrazone) (II) of unknown structure. In continuation of the study, we 
have found that the bis(phenylhydrazone) exists in two forms, one yellow-orange and 

the other red. The structure of phenylhydrazono compounds in general is a subject 
of high current interest”, because they exist in several tautomeric forms which may be 
studied by physical methods of analysis recently developed. N.m.r. spectral studies by 
Mester and co-workersa, by Wolfrom and co-workers”, and by Chapman and co- 
workerss, have confirmed the presence of the N.--H-N chelate structure originally 
proposed by Fieser and Fiesers for the phenylosazones of sugars in solution_ However, 
very little is known concerning the molecular structure of phenylhydrazono compounds 
having an 0x0 group in proximity to a phenylhydrazono group. Hence, we have invest- 
igated the structure of the oxo-bis(phenylhydrazono) compound in considerabledetail. 

From the method of synthesis, it would be expected that this compound (II) 
is either a r-oxo-2,3-bis(phenylhydrazono) or a 2-oxo-r,3-bis(phenylhydrazono) 
derivative**. To determine the positions of the phenylhydrazono groups in II, we 
first sought to obtain a phenylosotriazole derivative_ In accord with the absence of a 
2,3-bis@henylhydrazono) group, the compound did not produce a phenylosotriazole 
when treated with cupric sulfate in the usual mannerr. Definite proof for the 2-0x0- 

1,3-bis(phenylhydrazono) structure of II was obtained by oxidation of the compound 
with sodium metaperiodate and identification of the reaction product. 

From the periodic acid oxidation of phenylosazones of cyclitols reported by 
prior worker@, it would be expected that a 2-0x0-13bis(phenylhydrazono) derivative 
of I would, on oxidation with sodium metaperiodate, yield S-oxo-2,4-bis(phenyl- 
hydrazono)glutardialdehyde (III). However, we did not obtain III, but instead 

*Presented in part at the Intemationales Symposium iiber die Chemie der Kohlenhydrate, Miinster, 
Germany, July, 1964. 
**This name is based on the premise that the phenylhydrazono group at C-I is the principal function. 
If the oxygen atom is considered to be the principal function, the compound is named xylo-3,4,g- 
trihydroxy-r-oxo-2,6-bisCphenyihydrazono)cyclohexane. 
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obtained a compound having the molecular formula CrsI&sN4Os. This substance was 
found to be the methyl herniacetal of goxo-I-phenyl-5-phenylazo-3-pyridazine- 
carboxaldehyde (IV). Presumably, this compound was formed by cyclization of III, 
followed by dehydration as illustrated. Formation of IV from II proved that II is, 
in fact, xyZo-4,5,6-trihydroxy-2-oxo-1,3-bis@henylhydrazono)cyclohexane*. 

‘Ph 

I II 

HC=O H 
I I 

HC=O 
I 

C=Nz‘Ph 
I 

“02 

H csc #’ - 

C/%N 

O=CH 
H’(\OH 

-I 

m 

/ 

HC=O 

lx f %O 
PhN=N-CwNPh 

The results of periodate oxidation of II not only proved the structure of II, 
but also provided a synthetic route to a new series of pyridazine derivatives. 

4- Oxo-r-phenyl-5-phenylazo-3-pyridazine derbatiaes 
Compound IV was conveniently separated as the methyl hemiacetal (V). 

Surprisingly, dissolution of V in cold, concentrated sulfuric acid, followed by addition 
of ice-water, produced IV in good yield; the aldehyde IV was also obtained by heating 
V under diminished pressure. Slow crystallization of IV from aqueous methanol 
regenerated V. The presence of the aldehyde group in IV was confirmed by prepara- 
tion of oxime (VI), semicarbazone (VII), phenylhydrazone (VIII), and carboxylic 
acid (IX). Examination of molecular models shows that the compounds may have 
a resonance structure involving a quinonoid form (a) and an aromatic “zwitter” ion 
(b). In the latter form, electrons are shifted from the pyridazine ring to the oxygen 
atom on C-4. This electron shift satisfies the electrophilic property of the 4-0~0 group 
and accounts for the fact that this group does not react with phenylhydrazine or 

similar carbonyl reagents. 

7 9 IS! f?=HC=O 2JlI R= HC=N-NHCONHz 

O%/=+N 
d 

\/l, 
I I 

pbN=N,kdlPh 

I :Lt‘: I P R = HCIOHlOMe 2Ull R = HC=N-NHPh 

PhN=N/C\C/N\Ph 
I I 

Ii A 
YI R= HC==NOH JX R=COzH 

I I 

(a) (b’ X R t CO+Nn 
I 

*See note ** preceding. 
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TABLE I 

- ABSORPTION BANDS (Ch+) FOR PYRIDAZINFL DERIVATlVES= 

Assignment 

Compound number 

IV Va VI VII VIII IX x XII 

OH,NH 3401s 333;s 3508~ 3333m 3174~ 3448s 327gm 
3o3ow 3333m 

C=O (non-conjugated) 1712s 1700s 1742s 

C-O (conjugated) 1628s 1623s 1636s 1623m 1618s I 63gs.h 1626s 1618s 

1592m 
Phenyl ring 15g2m 1519s 15gzm 1589s 15g2w 1600s 1608~ 1603s 

1492s 1492s 15Iosh 14gzm rf+g2m rqg2t-n 1492s 

N=N (azo) 157zm 1567sh rS7zm IS62m IS72m 1584s 1582~ 

1563~ 

N-H (bending) 1538s 1550s 
1529s 

Fingerprint region 1408~ 
1329m 
1298s 
1282s 
1262m 
1204s 
I 16gsh 
1149m 
Iog8sh 
Io8Ish 
103om 
1o2osh 
IOOOW 

971s 
935w 
909s 
893w 
877m 
826s 
766s 
735s 
6gos 

1466s 
1398s 
1333m 
1315m 
1298s 
1273s 
1250m 
1204s 
1176~ 
I 149m 
1098s 
1075s 
1041s 
Io3osh 
Iooosh 

99nw 
g62m 
935s 
909s 
8g6sh 
866sh 
8z6m 
8o6m 
769s 
746s 
735w 
687s . 

1333sh 14o8sh 
Izg8m 1333m 
1282~ Izg8w 
1259s 1282s 
1257m 1256~ 
I 16gsh 12o4m 
114gw 1116~ 
1075m I r4gw 
1025~ 1104m 

990s Io8Ish 
g43w 1025~ 
g26m IOOOW 
8g3w 85om 
840~ 888~ 
794sh 840~ 
763s 817~ 
741s 797w 
699m 772s 
685s 732m 

6w.v 
686s 

w3sh 13+-n 
1315m 12ggm 
1298s 1282s 

I 272s 1204m 
1242s rrgow 
1204~ 1176~ 
1176m 1162m 
114gsh 114zm 
I 142s 1086~ 
Io8Im 1075W 
Io58sh Io63m 
Iojom 102ow 
99nm 995w 
g48m g66sh 
g26m g26m 
gI7sh germ 
gogsh 84osh 
893s 820m 
885sh 787~ 
870s 778s 
847w 711~ 
813m 704~ 
800~ 6g4sh 
772s 685s 
758s 
709sh 
6gos 

132gw 

1299m 
It78m 
1234s 
1204m 
1162m 
1015w 
Ic47m 
1018~ 

97Im 
gz6sh 
9o9m 
881m 
833s 
8o6m 
763sh 
758s 
746m 
685s 

1408~ 
1366~ 
133om 
1302m 
1262s 
1219s 
1165m 
1121s 
Iog8sh 
Io86sh 
1063s 
1022w 
1005m 

9S5w 
971w 
g62w 
935s 
gzrw 
gors 
882s 
862m 
847s 
826m 
816~ 
803s 
78zm 
769s 
758s 
752sh 
6gos 

aAll spectra with the exception of that of V were measured in Nujol mulls; that of V was measured 
in a potassium chloride pellet. 

Carbohydrate Res., 2 (1966) 204-215 



The chemical stability of the pyridazine ring and its resistance to oxidation are 
compatible with the aromatic character depicted in (b). However, the i.r. and U-V. 

spectra indicate that the compounds also partake of the characteristics of quinonoid 
structure (a). Thus, all of the compounds show an i-r. band at r63g-1618 cm-r (see 
Table I) which is in accord with the conjugated carbonyl stretching frequencies 
reported for certain y-pyridones and dihydropyridazine derivatives99 10. All compounds, 
with the exception of hydrazo compound XII, show absorption at 1584-1562 cm-l, 
which may be ascribed to the azo (-N=N-) groupll. 

The i-r. spectra of acid IX and salt X are noteworthy. The spectrum of IX 
shows a band at 1742 cm-l (C=O of a COsH group), and a doublet at 1299 and 
1282 cm-l. These bands are characteristic of carboxylic acid@, but surprisingly, 
the compound does not show strong absorption in the region (3333 cm-r) indicative 
of the carboxyl OH group. The hydrated sodium salt X, obtained by careful neutral- 
ization of acid IX, shows a rather broad band in the region of 1626 cm-l corres- 
ponding to a conjugated carbonyl group and the carboxylate ion. The displacement 
of the carbonyl frequency from 1742 cm-1 in the acid IX to about 1626 cm-l in the 
saIt X is typical of carboxyhc acids and their sahs la. Thus, IX seems to have a normal 
carboxylic acid structure rather than a “zwitter ion” structure like that of nicotinic 
acid14. 

In the ultraviolet region, the spectra (see Table II) show: (I) a strong band at 
about 230 w, which is attributable to conjugation of a double bond with a carbonyl 
group, and (2) a strong band at about 300 m,~. The relatively high intensity of this 

TABLE II 

UL~VIOLETANDVlSIBLEABSORPTlONBANDSaANDTHEIR~NSITIES,FOR PYRIDAZINE AND PHENYLAZO- 

PHENYLHYDRAZONO COblPOUNDS 

IV 
V 

VI 
VII 
IX 

X 

VIII 

XII 

II 
XI 

Pyridazine derivatives 
22s (I 1,200) 300 (r7,wJ) 366sh (I 1,400) 
227 (I 6,700) 301 (24,900) 367sh (16,700) 

225 (20,750) 306 (23,750) 

233 (21,100) 30.5 (21,700) 
328 (14,200) 301 (23,sJo) 36Ssh (u,300) 
228( I4,ooO) 304(I9.750) 369sh (13,200) 
243 (r9,700) 292 (20,900) 

242 (26,650) 2g2sh (12,700) 360 (r&700) 

P}lerlytazo-pflenyllgvdrnrollo derivatives 
251 (18,800) 286sh (6,000) 

257 (I6,700) 2gzs.h (7,200) 

376 (11,600) 462sh (I ,050) 

376 (I7,OOO) 465sh (I ,600) 

394 (17,750) 475sh (2,000) 
403 m,ooo) 
377 (16.000) 47osh (rsso) 
386 (14,200) 4zosh (6,800) 

467 (23,300) 
422 (20,600) 485sh (5.700) 

487 (34,300) 
441 (&500) 

aThe spectra were recorded 30 min after dissolving the sample in ethyl alcohol, except for compound 

VIII, which was dissolved in methanol. *Molecular extinction coefficient, given in parentheses. 

band (E) IO,OOO) can be explained on the basis of the reduced symmetryrs, which is 
in agreement with the quinonoid character of the above pyridazine derivatives. The 
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band at 300 p is close to a band (1 m8x 308 mu) reported for certain pyridazinone 
derivative@. 

In the visible region, aldehyde IV, hemiacetal V, acid IX, and salt X show 
high-intensity bands with maxima at 366-369 v and at 376-386 mu, with a shoulder 
at longer wavelengths. The bands are far more intense than the bands (3oo-350 rm~) 
reportedly for certain pyridazine derivatives, and presumably arise fromthe quinonoid 
structure (a). No appreciable change in the WV. and visible spectra of compounds 
IV,V,IX, and X was observed on changing the pH. In the visible region, the principal 
absorption band of the otime (VI), the semicarbazone (VII), and the phenylhydrazone 
(VIII) occurs at 394, 403, and 467 w, respectively. 

A comparison of the U.V. and visible spectra of the phenylhydrazone (VIII) 
with those of II and of D-mannose diphenylformazan (XI) is of interest. All three of 

Ph 
/ 

\ 
Ph 

these compounds show absorption bands in the regions 243-257,286-292, and MI-487 

mp. This similarity appears to arise from the presence in each compound of a phenyl- 
azo and a phenylhydrazono chromophore, in accord with the known structure18 
of formazan XI and the structures proposed for II and VIII. 

The absorption spectra of compounds IV to X, inclusive, are in accord with 
the resonance structure arising from forms (a) and (b). The n.m.r. spectra of the 
compounds measured (those of IV and V) are also consistent with this structure. 

The n.m.r. spectrum of the aldehyde (IV) in deuteriochloroform shows signals 
corresponding to three kinds of protons: a singlet at 10.25 fo.1 p.p.m. (aldehydic 
proton); a singlet at 8.5 i 0.1 p.p.m. (vinyl proton of the pyridazine ring)ls; and a 
multiplet centered at 7.55 p_p.m. (phenyl ring protons). 

The n.m.r. spectrum of the hemiacetal (V) (Fig. I) in deuteriochloroform 
shows signals for five types of protons, consistent with the proposed structure_ The 
signals are: a singlet at 8.8 f0.1 p_p.m. (vinyl proton of the pyridazine ring); a 
multiplet centered at 7.5 f o. I p.p.m. (phenyl ring protons) ; a sharp singlet at 3.62 & o. I 

p-p-m. (methoxyl protons); and two, equally intense doublets centered at 6.3 f o. I 
p.p.m. (hydroxyl proton) and at 5.55 f o. I p.p.m. (methine proton)_ Presumably, 
the doublets arise from the first-order, AB pattern *Q (CH_kOHn); JA,B I 1.5-12.0 c.p.s.; 
d “45 c.p.s. Upon the addition of 0.1 ml of deuterium oxide, and mixing for a few 
seconds at room temperature, the hydroxyl proton (6-3 p-p-m.) is exchanged readily 
and the doublet collapses to a singlet (5.6 p.p.m.). Treatment of IV in deuteriochloro- 
form with methanol results in slow disappearance of the aldehyde signal at 10.25 
p-p-m- with appearance of the hemiacetal signals at 6.3 and 5.55 p-p-m. 
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A 

Fig. I. N.m.r. spectra of 4-oxo-r-phenyl-s-phenylazo-3-pyridazinecarboxaldehyde methyl hemiacetal 
(V) at 60 Mc.p.s. and IOOO c.p.s. sweep width; tetramethylsilane internal standard; spfctrum A in 
deuteriochloroform; spectrum B after exchange with deuterium oxide. 

The large value of the coupling constant (J&ES 11.5-12.0 c.p.s.) observed for V 

may indicate that the geometry of the adjacent protons (CH*OHu) is influenced by 
the neighboring carbonyl group of the heterocyclic ring. So far, we have been unable 
to find a compound a,f similar structure having so large a value for the coupling 
constant*r. 

The behavior of phenylhydrazone VIII on treatment with excess phenyl- 
hydrazine was found to be unusual. Heating of VIII with an excess of phenylhydrazine 
did not cause substitution of the potential carbonyl group on C-4; instead, reduction 
of the azo group occurred. The elementary analysis and the visible, u.v., Lr., and n.m.r. 
spectra suggest that the reaction product is 4-0x0-r-phenyl-5-phenylhydrazo-3- 
pyridazinecarboxaldehyde phenylhydrazone (XII). 

The i.r. spectrum of XII shows the following characteristic absorption bands: 
at 3279 cm-l (N-H groupj; a shoulder at 1618 cm-l (conjugated C=O); 1603 cm-l 
(phenyl ring); 1550 and 1529 cm-l (N-H bending)“‘. The U.V. spectrum of XII is 
similar to that of VIII, with bands at 242 n+~ and 292 rn+ In the visible region, 
however, XII shows strong bands at 360 mu and 422 m,~, and a shoulder at 485 m,~. 
Presumably, the band at 422 m,~c does not arise from a simple azo chromophore 
because of its high intensity; the source of the band at 422 m,u and the shoulder at 
485 nyc is not yet clear. A compound having the composition of XII might exist 
in several tautomeric forms. The structure of XII is being investigated further. 

Tautomeric forms of xylo-q,g,6-tri~zy~roxy-2-oxo-r,3-bis@henylhydra~ono)cycIoizexane 
As already mentioned, II exists in a red and a yellow form. When freshly 

prepared II is mixed with toluene plus water, it is partitioned between the two phases, 
coloring the organic phase bright-red and the aqueous phase yellow. On warming 
the mixture, the yellow (more-polar) form gradually changes to the red form, which 
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passes into the toluene. This observation is consistent with a phenylhydrazono- 

phenylazo tautomerism. 
A possible tautomeric change from the yellow to the red form is depicted in 

formulas IIa and III>. This isomerization has been confirmed by a study of the visible, 

IIll Ilb 

u.v., i.r., and n.m.r. spectra of IIa and IIb, as compared with the spectra of model 
compounds which possess similar structures. The spectrometric study will be presented 
in a future publication, in which it will be shown that 2-oxo-r,3-bis(phenylhydrazono) 
compounds in general yield red modification having enolic phenylhydrazono- 
phenylazo structures and, in some instances, yellow keto forms. 

As indicated in structure IIb, the red, enolic phenylhydrazono-phenylazo 
compound does not have a free carbonyl group, a true phenylhydrazono group, or 
a true phenylazo group. The potential phenylhydrazono and phenylazo groups are 
joined in a resonance structure, and, consequently, they cannot be allocated to specific 
carbon atoms. In view of this situation, the red form of compound II cannot be given 
a definitive name, but is best described as the enolic hybrid of =c)tZo-4,5,6-trihydroxy-2- 
oxo-r,3-bis@henylhydrazono)cyclohexane. 

EXPERIMENTAL 

Prior to analysis, all compounds were dried for 4 h at 25O/o.1 mm over phos- 
phorus pentaoxide, unless stated otherwise. Melting points were taken in Pyrex 
capillary tubes and are uncorrected. U.V. and visible spectra were measured with a 
Beckman DK-2 recording spectrophotometer*. 1-r. spectra were determined in 

potassium chloride pellets or in Nujol mulls, with a Perkin-Elmer Infracord spectro- 
photometer, Model 137 *; the spectra are not corrected for hydroxyl bands arising 
from moisture in the potassium chloride. The abbreviations for i.r. bands are s(strong): 
m (moderate), w (weak), and sh (shoulder). The n.m.r. spectra were measured with a 
Varian A-60 spectrometer*, using tetramethylsiIane (6 = 0.00 p.p.m.) as the internal 
reference standard. 

*Certain cqmmerciat instruments are identified iu this paper in order to specify the experimental 
procedure adequately. In no case does such identification imply recommendation or endorsement 
by the National Bureau of Standards, nor does it imply that the equipment identified is necessarily 
the best available for the purpose. 
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xYlo-4,5,6-~rjhydroxy-2-oxo-I,3-bi~(phenylhydro=o~o)=y~Zo~~ex~e (IZ) 
To a solution of 3 g of DL-xyZo-4,5,6-trihydroxycyclohexenediolic acid1 in 

3oo ml of 4% aqueous acetic acid was added a saturated solution of iodine (prepared 
from iodine and a 1:4 (V/V) mixture of glacial acetic acid and methanol) until a trace 
of free iodine remained. The excess iodine was removed by cautious addition of a 
small amount of the parent compound, and the solution was filtered on a thin layer of 
decolorizing carbon. 

The resulting, colorless filtrate was mixed with 400 ml of crushed ice, and IO ml 

of phenylhydrazine in IO ml of methanol was added with continuous stirring, followed 
by 6 g of sodium acetate trihydrate in 50 ml of water. After 60 rnin at 15’ and 2 h 
at o”, the resulting, orange-red crystals were collected on a filter, washed with 4% 
aqueous acetic acid, and dried (5 g)_ 

The product was recrystallized from methanol; dark-red needles, m-p. 185-187~. 

The sample for analysis was purified by column chromatography (neutral alumina 
with benzene-methanol as the eluant). 

Anal. Calc. for ClsHrsN404; C, 61.0; H, 5.1; N, 15.8. Found; C, 61.3; H, 5.0; 
N, 15-g. 

The inability of II to form a phenylosotriazole was established by treatment 
of II in aqueous p-dioxane with cupric sulfate in the conventional manner7 for 
obtaining a phenylosotriazole. After removal of copper salts, I was recovered in good 
yield, and no phenylosotriazole could be separated. 

A sample of freshly prepared II was mixed with toluene and water; this gave 
a red toluene phase and a yellow aqueous phase. When the mixture was heated with 
mixing, the color disappeared from the aqueous phase and the red color of the toluene 
phase became more intense. 

Periodate oxidation of ZZ and preparation of’ 4-oxo-I-phenyl-5-phenyZazo-3-pyridazine- 
carboxaldehyde methyI hemiacetal ( V) 

A solution of 1.1 g (0.003 mole) qf xyZo-4,5,6-trihydroxy-2-oxo-r,3-bis@henyl- 
hydrazono)cyclohexane (II) in 250 ml of methanol was mixed at 15-20~ with a 
solution of 1.3 g (0.006 mole) of sodium metaperiodate in IOO ml of water. After I h, 
the reaction mixture was Gltered. The filtrate was concentrated and the sirupy 
residue was extracted with dichloromethane (4 x 80 ml). The extract was dried with 
sodium sulfate, treated with 0.1 g of decolorizing carbon, filtered, and concentrated 
to a thick sirup. The residue was diluted with 4 ml of methanol and filtered with a 
small amount of a decolorizing carbon. The solution was kept for 24 h at o”, diluted 
with a cold mixture of 3 ml of ether and 7 ml of pentane, and stirred in an ice-bath. 
When crystallization began, the mixture was diluted with 3 ml of pentane and, 
ultimately, the crystalline product was separated and washed with cold I: I ether-pen- 
tane. Recrystallization from aqueous methanol at oO, with stirring, gave 4-0x0-1- 
phenyl-5-phenylazo-3-pyridazinecarboxaldehyde methyl hemiacetal (V), 250-300 mg; 
orange needles; m.p. 134-136”. The sample for analysis was dried in a vacuum 
desiccator to constant weight. 
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Anal. Calc. for C&!&N&3; C, 64.3 ; H, 4.8; N, 16.1; Found: C, 64-I ; H, 4-g; 
N, 16.4. 

4-Oxo-I-phenyI-5-phenyZazo-3-pyridazinecarboxaide~zyde (IV) 

Aldehyde IV was obtained by heating purified hemiacetal V for 6 h at rro”/ 
0.1 mm_ The product was recrystallized from acetone-pentane; orange-red needles, 
m.p. 172-174~. For analysis, the sample was dried for 3 h at I IOO/O.I mm. 

Anal. Calc. for Cl~H1sNsOs; C, 67-1; H, 4-o; N, 18.4. Found: C, 67.0; H, 4.2; 
N, 18.3. 

Aldehyde IV was also obtained by dissolving hemiacetal V in ice-cold, con- 
centrated sulfuric acid, followed by dilution of the dark solution with ice water. 
Product IV was reconverted into V by slow crystallization from aqueous methanol. 
Rapid crystallization of IV from aqueous methanol gave, in some instances, a hydrated 
species, m.p. 66-68”, which could be converted into V by slow crystallization. The 
i-r. spectrum of the compound was almost identical with that of V, except for a band 
at 3546 cm-l which may indicate water of crystallization. A solution of IV in methanol 
gave a positive aldehyde test with Schiff reagent in 15 min. Aldehyde IV and hemi- 
acetal V gave the same semicarbazone VII and phenylhydrazone VIII, thus excluding 
any structural change during the removal of the elements of methanol. 

4- Oxo-~-phenyi-~-pfteny~azo-~-pyridazinecarboxaldoxime (VI) 

A filtered solution of hydroxylamine acetate, prepared from 1.5 g of hydrox- 
ylamine hydrochloride and 1.5 g of potassium acetate in 15 ml of methanol, was 
mixed with 75 mg of V dissolved in 3 ml of methanol. The mixture was stirred for 
IO min at 5oG, and for I h at room temperature. The mixture was diluted with IO ml 
of water, cooled for 30 min in an ice bath, and filtered. 

The crude oxime (80-90 mg) was recrystallized from methanol by concentration 
and cooling, to give VI as long, orange needles; m.p. 253-255O. The sample for analysis 
was dried for 2 h at 78”/0.1 mm. 

Anal. Calc. for Cl7HlsNsOs; C, 63.5; H, 4.7; N, 21.8. Found: C, 63.5; H, 4.4; 
N, 21.3. 

4- Oxo-r-phenyl-5-plenyiazo-3-pyridazinecarboxa~dehyde semicarbazone (VII) 

A filtered solution of semicarbazide acetate (prepared from 1.5 g of semi- 
carbazide hydrochloride in 7 ml of 70% aqueous methanol and 1.5 g of potassium 
acetate in 5 ml of methanol) was added to 75 mg of V in 3 ml of methanol_ The 
mixture was stirred for IO min at 55”, diluted with IO ml of water, and stirred for I h 
at room temperature. The crude, crystalline oxime (go mg) was separated, and 

recrystallized from methanol; m.p. 241-243~ (dec.). The sample for analysis was dried 
for 2 h at 78”/0.1 mm. 

Anal. Calc. for ClsHlsN702; C, 59.8; H, 4.2; N, 27.1. Found: C, 59.7; H, 4.1; 
N, 27.1. 
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4- Oxo-I-phenyi-5-phenylazo-3-pyridazinecarboxylic acid (Ix) and its sodium salt (x> 
A solution of IOO mg of V in 20 ml of methanol was added at o” to a solution 

of 1.2 g of silver nitrate in 3 ml of water, and g ml of IO% sodium hydroxide solution 
was added dropwise, with stirring, during 15 min. The mixture was stirred for 30 mix% 

titered through paper pulp and decolorizing carbon, and the filtrate was acidified 
(PH 5) with dilute sulfuric acid. Lustrous, orange crystals of IX separated (55-60 mg) ; 

after recrystallization from methanol, it had m.p. 235-236”. The sample for analysis 
was dried for 4 h at 78”/0.1 mm. 

Anal. Calc. for Cl7HraN40s; C, 63.7; H, 3.8; N, 17-5. Found: C, 63.6; H, 3.9; 
N, r7.4- 

A sample (11-58 mg) of IX in aqueous ethyl alcohol required 4.15 ml of 0.0087 N 
sodium hydroxide for neutralization; this corresponds to an equivalent weight of 
321; talc. for Cl7Hl2N403, eq. wt. 320. 

Neutralization of IX with sodium hydroxide, concentration of the solution, 
and storage in a desiccator gave orange crystals of the sodium salt (X) which was 
recrystallized from 95% ethyl alcohol and ether. The salt X was hydrated; it melted at 
85”, and then solidsed and decomposed at 204-206~. 

Anal. Calc. for Cl7HlzN4NaOs-2.5HeO; C, 52.8; H, 4.2; N, 14.5. Found: 
C, 53.0; H, 4.1; N, 14.2. 

4- Oxo-r-phe~zyl_5-phenylazoJ-pyridazinecarboxya~dehyde phenyIhy&a-one (VITI) 

A 5o-mg sample of V in IO ml of methanol was mixed at 50“ with five drops 
of phenylhydrazine, followed by 2 drops of glacial acetic acid. Compound VIII 
crystallized almost immediately. The mixture was cooled in an ice bath and atered, 
and the crystals were washed with methanol *. The compound separated in dark-red, 
lustrous prisms (55 mg), which, after recrystallization from hot nitromethane, had 
m-p. 244-246”. 

The sample for analysis was dried for 2 h at I IOO/O. I mm. 
Anal. Calc. for CzsHsoN60; C, 69.7; H, 5.1; N, 21.2. Found: C, 69.7; H, 5.0; 

N, 21.3. 

~-Oxo-z-phenyl-~-phe~zylhydrazo-~-pyridazinecarboxa~de~~yde phenylhydrazone (XII) 

A mixture of crude VIII (150 mg) and 2 ml of phenylhydrazine was heated 
for I h at 130 to 135O; the solid dissolved, and the solution changed from red to 
fight-brown. The mixture was cooled, diluted with 2 ml of ethyl alcohol, and poured, 

with stirring, into 150 ml of cold, 4% aqueous acetic acid. After I h, the bright-yellow 
compound XII was separated, washed with 25% aqueous ethyl alcohol, and dried 
(ro0_120 mg). The product was recrystallized by dissolving in warm 95% ethyl 
alcohol (85 ml), diluting with warm water, and cooling overnight. After drying for 
2 h at ~P/o_I mm, it melted at 182-184”. 

*When the filtrate (after isolation of VIII) was poured into cold, 4% aqueous acetic acid, a small 
amount (30 mg) of orange-yellow compound XII was precipitated. 
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Anal. Calc. GsHsoN40; C, 69.7; H, 5.1; N, 21.2. Found: C, 69.7; H, 5.2; 
N, 20-g. 

When the yellow XII was exposed to the atmosphere in the light, it gradually 
changed to phenylazo compound VIII; oxidation of yellow XII with mercuric oxide 
in methanol gave VIII also. The reaction appears analogous to the oxidation of 
hydrazobenzene to azobenzene2s. 
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SuMmY 

The positions of the phenylhydrazono groups in x-ylo-4,5,6-trihydroxy-2-oxo- 
I ,3-bis(phenylhydrazono)cyclohexane were established by degradation of the com- 
pound with sodium metaperiodate and identification of the reaction product. The 
dialdehyde initially formed by periodate oxidation (but not isolated) cyclized to 
4-oxo-I-phenyl-5-phenylazo-3-pyridazinecarboxaldehyde, which gave a crystalline 
methyl hemiacetal, an oxime, a semicarbazone, and, by oxidation, the corresponding 
monocarboxylic acid and sodium salt. Upon treatment with phenylhydrazine at 5oc, 
the carboxaldehyde gave a red, crystalline phenylhydrazone which, with phenyl- 
hydrazine at 130”, gave a product that appears to be 4-oxo-I-phenyl-5-phenylhydrazo- 
3-pyridazinecarboxaldehyde phenylhydrazone. 

The reactions provide a route to a series of pyridazine derivatives which may 
prove valuable for the synthesis of unusual compounds for biological and medical 
research. 

xyZu-4,5,6-Trihydroxy-2-oxo-I,3-bis@heny exists in a 
yellow keto form and in a red enolic form. On warming in toluene, the yellow form 
gives the red form, which has an enolic phenylhydrazono-phenylazo structure. 
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INTRODUCTION 

The acid-catalysed condensation of aldehydes with tetritols and higher, acyclic, 

polyhydric alcohols yields derivatives of 1,3-dioxan in preference to those of 1,3- 
dioxolanl. Glycerol is exceptional in that I&dioxolan derivatives (I,a-acetals) are 
reported to be preponderant at equilibrium *a_ In extending 3 study of benzylidene 
acetalss, we have re-examined the acid-catalysed condensation of benzaldehyde and 
glycerol in order to clarify the apparently anomalous situation. 

The benzylidenation of glycerol was first described by Fischer*, and, subse- 
quently, Irvine et aZ.5 concluded that the product was preponderantly, if not exclusi- 
vely, cis,trans-4-hydroxymethyl-2-phenyl-1,3-dioxolan. However, Hibbert and his 
co-workers*a found that a crystalline 5-hydroxy-2-phenyl-1,3-dioxan (later shown6 
to be cis> formed a sign&cant percentage of the O-benzylideneglycerol mixture. 
On the basis of the isolation of the crystalline cis-r,3-dioxan derivative from various 
equilibrium mixtures of the O-benzylideneglycerols, the Canadian worker@ con- 

cluded that, in each case, the 4-hydroxymethyl-2-phenyl-r ,3-dioxolans were 
markedly preponderant, although the inaccuracy of the method was recognised. 

The observation7 that each component of an O-benzylideneglycerol mixture 
may be identified by the chemical shift of the benzyl protonsigna1inthen.m.r. spectrum 
allows an easy and reasonably accurate analysis of an equilibrium mixture. 

RESULTS AND DISCUSSION 

The benzyl proton signals for trans- (I) and cis-5-hydroxy-2-phenyl-1,3- 
dioxan (II) and cis- (III) and trans-4-hydroxymethyI-2-phenyl-I,3-dioxolan (IV), 
present in an equilibrium mixture [A, acetal ratio (I)--(II)-(III)-(IV), cu. I:I:3:2.7, 

see below], occurred at t 4.84, 4.72, 4.41, and 4.25, respectively*, for 3 c(t. 25% 
solution (total solute) in carbon tetrachloride. The signals were readily assigned since 
the acetals (Q6. (II)6, and (III)* have been isolated, and their structures determined. 

*In dioxan (internal tetramethylsilane), the corresponding signals (t 4.78, 4.66, 4.42, and 4.27) 
appeared at appreciably lower field than those previously recorded7 relative to an external reference 
(6% tetramethylsilane in chloroform). 
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6.5-7.0 c.p.s. for the axial (a) and equatorial @) anomeric hydroxyl groups, respect- 
ively. The same trend, although not so marked, was shown by the +phenylcyclo- 
hexanols [cis (axial OH), 5.74 (Jca. 3 c.p.s); tram (equatorial OH), 5.53 (Jca. 4 c.p.s.)]. 
The reverse trend is observed for the I&acetals, in that the coupling constant for the 
&-isomer (II) is the larger, and this difference may be due to a hydroxyl-group 
orientation effect. Thus, for cz&+-phenylcyclohexanol, in the preferred chair confor- 
mation (equatorial phenyl groupl3), the hydrogen atom of the axial hydroxyl group 
is likely (c$ the results of Cole and Jefferiesla) to be oriented away from the syn- 
axial15 hydrogen atoms in the cyclohexane ring, so that the dihedral angle H-O-C-I-H 
is ca. o”. On the other hand, if the axial hydroxyl group in the cis-5-hydroxy-z-phenyl- 
I,3-dioxan (II) is oriented to allow hydrogen bonding to the ring oxygen atom@, in 
addition to solvent molecules, the dihedral angle O-H-C-5-H is ca 180~. 

In the literature, various methods are given for the condensation of benzal- 
dehyde and glycerol. The compositions of the acetal mixtures obtained by repetition 
of three of these methods are given in Table II. Thus, the mixture (A) obtainedpa by 

TABLE II 
COMPOSITION OF VARIOUS 0-BENZYLIDENEGLYCEROL MIXTURES 

Mixture AceraZ(o/,) r,j-Dio_rolon-r,3-dioxon 
ratio 

cis-r,j (II) trans-r,j (I) cis-r,t (III) trans-r,z (IV) This work Hibberf et aI.= 

A 13.1 13.0 38.7 35.2 ca. 2.8:1 Ccz. 7.51 
B 

20.5 14.1 34-9 30-S co. 1.g:r - 
C 36.6 22.8 22.0 18.6 CCI. 0.68:r 5_5:1 

A. Gerhardt method16 (CO2 sweep at cu. 1500); B, hydrogen chloride catalyris for I h at 100~ 

C, storage of mixture B (without neutralisation) for 12 h at room temperature. 

sweeping out the water of condensation from a benzaldehyde-glycerol mixture at 
ca. 150” with carbon dioxide (Gerhardt methodl6), and that (B) obtained by hydrogen 
chloride-catalysed equilibrationza at IOOO, contain preponderantly &tram-1,3- 

dioxolan derivatives (73.9 and 65.4x, respectively). When mixture i3 was subsequently 
storedza (without neutralisation) at room temperature for 12 hours, a new mixture 
(C) was obtained in which cis,trans-r,3-dioxan derivatives are preponderant &g-4%)_ 
The effect of temperature is further illustrated by equilibration of an O-benzylidene- 
glycerol mixture at ca. 180~ in the presence of hydrogen chloride. The product (E) 
is mainly c&rrans-4-hydroxymethyl-z-phenyl-r,3-dioxolan containing (20% of the 
1,3-acetals (I) and (II). The r,3-dioxan-r,3-dioxolan ratios recorded by Hibbert 
et aZ.2a for various O-benzylideneglycerol mixtures are seriously in error (Table II). 
Presumably, all of the c&1,3-acetal (II) was not isolated from a particular mixture, 
and the substantial proportion of the tram-r,3-acetal (I), now shown to be present, 
was included with the r&dioxolan fraction. van Roonl7 observed a temperature 
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effect in the acid-catalysed ethylidenation of glycerol; above o”, r,3-dioxolan 
derivatives were preponderant and, at r7g”, were the exclusive products. 

By comparison with other benzaldehyde-diol reactions, the presence of a 
substantial proportion of 1,3-dioxolan derivatives in mixture C suggests the opera- 
tion of an effect additional to that of temperature. Thus, in the competition reactio@ 
of equimolar proportions of ethane-r ,2-diol and propane- I ,3-diol with one molecuiar 
proportion of benzaldehyde, a-phenyl- r ,3-dioxan is the preponderant product. 
Also, benzylidenation of butane-r,2,4-trio118 yields the 2,4-acetal as the major 
product, with only ~-IO% of the r,2-acetal. The benzaldehyde-glycerol reaction 
pattern may be rationalised by a consideration of intermolecular hydrogen-bonding. 
In the above, competition experiment and in the butane-r,2,4-trio1 reaction, inter- 
molecular hydrogen-bonding would not be a significant factor since, after formation 
of r,3-dioxan or r,3-dioxolan derivatives, only primary hydroxyl groups remain 
unsubstituted. For the glycerol derivatives, however, the five- and six-membered 
acetals contain primary and secondary hydroxyl groups, respectively. It is possible 
that the stronger acidity and greater steric accessibility of the primary hydroxyl 
groups facilitate more effective, intermolecular hydrogen-bonding for cis- and 
tracts-4-hydroxymethyl-2-phenyl-r,pdioxolan, so that their thermodynamic stabilities, 
relative to those of the cis- (II) and trans-;,3-dioxan derivative (I), are increased. 
It follows that, on acid-catalysed equilibration of an O-benzylideneglycerol mixture 
in an inert solvent (i.e., a solvent which is a weak proton-acceptor in hydrogen 
bonding), as concentration diminishes, intermolecular hydrogen-bonding will 
diminish, and intramolecular hydrogen-bonding will become dominant. Hence, as the 
dilution is increased, and if the latter effect is important, ci.s-5-hydroxy-2-phenyl- 
1,3-dioxan (II) should begin to preponderate at equilibrium since this is the only 
member of the acetal series (I)-(IV) in which complete, intramolecular hydrogzn- 
bonding can occurGa. Preliminary result+*, which suggested that such a trend was, 
indeed, operative, are now amply confirmed. 

A series of equilibrations was effected in carbon tetrachloride, which was ca. 
0.015~ with respect to hydrogen chloride, at 3”, 37”, and 7o”, with total solute con- 
centrations in the range O.OOI-5.0~. The equilibria were approached from two sides 
using cis-5-hydroxy-2-phenyl-i,3-dioxan (II) and the mixture E which contained 
mainly cis,trans-4-hydroxymethyl-2-phenyl-1,3-dioxolan. The proportions of the 
acetals @-(IV) in the neutralised, equilibrated mixtures were determined by inte- 
gration of the benzyl proton signals in the n.m.r. spectra. The results are depicted 
in Fig. I, which clearly shows certain trends. Thus, as the temperature of equilibration 
increases, and for a given molarity of total solute, the combined proportions of 
six-membered acetals decreases. For example, at o.05~ and at 3”, 37”, and 70”, the 
percentages of acetals were as follows: c&r,3 (II), 57-5, 45.5, 32-5; trans-I,3 (I) 
II, 10.5, 12; cis-I,2 (III), 18, 25, 30.5; trans-I,2 (IV), 13.5, 19, 25. Little has been 
reported19 Is on the effect of temperature on the pattern of acid-catalysed acetalations 
of polyhydric alcohols other than glycerol, and this aspect of cyclic acetal chemistry 
merits further investigation. 
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Another trend, especially noticeable at 3” and 37O, is that, as the concentration 
of total solute diminishes, the proportion of the cis-r,3-acetal (II) increases at the 
expense of the tram-isomer Cl), whereas the proportions of the cis- (III) and tram-1,2- 

acetals (IV) remain relatively 

37O 
70” 

C 
I 
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A- 

1 0.005 a015 

a0005 

\ .,%gg_ aoo& z; ap .,. 
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constant. At 37’, for example, the dilution effect is 

Molarity (total solute) 

Fig. I. Composition of equilibrium O-benzylideneglycerol mixtures with variation in temperature 
and molarity of total solute. Equilibrations were performed at the molarities recorded above the 
ordinate. A, cis-5-hydroxy-z-phenyEr&dioxan; B, trans-isomer; C, cis-4-hydroxymethyl-z-phenyl- 
1,3-dioxolan; D, trans-isomer- 

minimal at concentrations (<O.O25M) at which it is well known2o that, in carbon 
tetrachloride, intermolecular hydrogen-bonding is normally insignificant_ Moreover, 
the proportions of acetals in the equilibrium mixture at this concentration parallel 
the extent of intramolecular hydrogen-bonding. Thus, for ~o.oogw solutions in 
carbon tetrachloride, the hydroxyl group in the cis-r,3-acetal is completely bondeds, 
those in the cis,truns-r,a-acetals are extensively bonded21, and that in the rrans-1,3- 
acetal is mainly free**. Evaluation of the thermodynamic parameters relevant to the 
equilibria described above will be published elsewhere. 

On benzylidenation of glycerol under homogeneous conditions in NJV-dimethyl- 
formamide (catalysis by toluene-p-sulphonic acid) at room temperature, the benzyl 
proton signals for the cis- (III, t 4.55) and trans-r,zz-acetal (IV, 4.36) appeared rapidly 
((2 min); the former signal developed slightly faster. After 5 min, weak signals 
for the cis- (II, 4.77) and trans-r,3-acetal (I, 4.86) could be detected and, after 12 min, 
the ratio of acetals (I)--(II)-(III)--(IV) was ca. 1.1:1.0:6.2:4.0. After two days, equi- 
librium had apparently been reached, and the corresponding ratio was CCL I -8: I .8: 1.2: 
1.0, with the 1,3-acetals clearly being preponderant. During the reaction, a weak 
signal at t 4.93, which developed and subsided, was probably due to a small concen- 
tration of hemi-acetal or acyclic acetal. The above results are consistent with proton- 
ated hemi-acetal formation (V) involving primary hydroxyl groups, followed by 
cyclisation of the subsequent oxonium ion (VI) to give the r+acetals (III) and (IV). 
The initial, kinetic phase of the reaction is followed by slow equilibration to give an 
ultimate preponderance of the thermodynamically more-stable r,3-acetals. This type 
of kinetic phase has not hitherto been observed in the benzylidenation of acyclic 
polyhydric alcohols (CA the results obtainedz3 on benzylidenation of cyclic vi&al 
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cis-diols), and other examples are being studied. Evidence and argument has been 
presented8 which indicate that hemi-acetal formation preferentially involves the 
primary hydroxyl group of terminal vicinal diols, and further evidence was sought 
from the n.m.r. spectra of diols in dimethyl sulphoxide. In this solvent, the signalsll 
for the primary (triplet, r 5.60) and secondary hydroxyl groups (doublet, 5.64) of 
propane-r+diol were partially superimposed and gave an unsymmetrical triplet. 
Glycerol gave a more complex signal pattern C5.61 (2-proton triplet), 5.53 (r-proton 
doublet)]. It was hoped that addition of a suitable aldehyde to a solution of propane- 
r,z-diol in dimethyl sulphoxide would result in diminution in intensity of the primary 
hydroxyl signal as hemi-acetal formation proceeded_ 

However, trichloroacetaldehyde and pentafluorobenzaldehyde, which readily 
form hemi-acetals, could not be freed from traces of acid, and their separate addition 
caused coalescence of the hydroxyl proton signals. Coalescence occurred gradually 
when acetaldehyde was used, and was complete when equimolar amounts of the diol 
and aldehyde were present. 

At equilibrium in NJV-dimethylformamide at room temperature, the cis- (II) 
and the trans-r,3-acetal (I) are present in comparable proportions, in contrast to 
the situation in carbon tetrachloride (e.g., Fig. 2) where the cis-r,3-acetal was prepon- 
derant. When equilibrium was effected in sulpholane, using the cis-r,3-acetal (II) or 
the mixture E as starting material, the acetal ratio [(I)-(II)-(III)-(IV), ca. x.4:1.7:1.2: 
r-o] was not significantly different from the ratio noted above for N,N-dimethyl- 
for-man-ride, but, with dimethyl sulphoxide at room temperature, the ratio was ca. 
2.4: 1.3:1.2:1.0, showing a preponderance of the Pans-1,3-acetal (I). The ratio was 
little different when the equilibration was effected at 0“. Hydrogen bonding effects 
may be responsible, at least in part, for these differences. In carbon tetrachloride, 
significant hydrogen-bonding can occur intramolecularly or between solute molecules, 
and the favoured component (cis-1,3-acetal) is that which can undergo the most 
extensive, intramolecular hydrogen-bonding, whereas, in dimethyl sulphoxide, 
strong hydrogen-bonding to the solvent occurs, and the preponderant isomer (trans- 
r,3-acetal) is that which would be expected.on conformational grounds. The effect of 
solvent on the equilibration of other cyclic acetal systems is being investigated. 

EXF’ERIMENTAL 

Unless otherwise stated, n.m.r. spectra were obtained on ca. 20% solutions 
(internal tetramethylsilane) by using a Varian A60 spectrometer under normal 
working conditions. 

Equilibration experiments 
A series of separate solutions of cis-5-hydroxy-2-phenyl-1,3-dioxd$ (0.45 g) 

and cis,trarzs-4-hydroxymethyl-2-phenyl-r,3-dioxolan (0.45 g, mixture E, see DIS- 

CUSSION) in carbon tetracbloride (volume determined by the desired molarity of 
solute), which was ca. 0.015~ with respect to hydrogen chloride, was stored for suitable 
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periods at 3” (5 days), 37” (24 h), and 70~ (5 h). The solutions were then neutralized 
with ammonia gas and, after storage at 37” for 30 min, filtered, concentrated (to 
ca. 0.5 ml) under diminished pressure, and analysed by n.m.r. spectroscopy. Control 
experiments showed that no change in the composition of an equilibrium mixture 
occurred after the ammonia treatment_ 

The benzyl proton signals for cis- and trans-5-hydroxy-2-phenyl-r,3-dioxan 

and cis- and trans-+hydroxymethyl-z-phenyl-I,g-dioxolan occur at t 4.72, 4.84, 4.41, 

and 4.25, respectively, in carbon tetrachloride. The relative proportions of each 
acetal were determined from the average of several integrations of the relevant peak 
areas, using a sweep width of IOO c.p.s. The results are shown in Fig. I _ 

Preparation of equilibrium mixtures 
(a) Water was removed during I h from a mixture of benzaldehyde (150 g) and 

glycerol (120 g) at 145-155” by a stream of carbon dioxide (Gerhardt methodIT) and 
then for a further 30 min at r 65’. Distillation of the residue gave the acetal m.ixtureeaA 
(173 g), b-p. 152-160°/ca. 12 mm. 

(b) The procedure of Hibbert et aZ.25 was repeated as exactly as possible. 
Thus, cis-5-hydroxy-2-phenyl-r,3-dioxan was equilibrated by heating for I h at IOO” 
in the presence of hydrogen chloride (mixture B, after neutralisation with cont. 

ammonia) and then stored at room temperature for 12 h (mixture C, after neutralisa- 
tion). An ethereal solution of the product was neutralised with solid potassium 
carbonate and concentrated (mixture 0). The procedure was repeated with cis,frm.s- 

4-hydroxymethyl-2-phenyl-r,3-dioxolan (mixture E) to give the corresponding pro- 
ducts, B’, c’, and D’. Some of the results are recorded in Table II. The composition 
of the mixture pairs B,B’, C,C’, and D,D’ were closely similar, as were mixtures 
C and D. 

(c) The equilibrations in sulpholane and dimethyl sulphoxide involved, in 
each case, a mixture of the solvent (0.5 ml), cis-r,3-acetal (II, 0.45 g) or mixture E 
(0.45 g), and toluene-p-sulphonic acid (5 mg). The homogeneous benzylidenation 
involved N,N-dimethylformamide (2 ml), benzaldehyde (3 g), glycerol (2 g), and 
toluene-p-&phonic acid (5 mg). 
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SUhlhfARY 

The proportions of cis- and trans-5-hydroxy-2-phenyl-r.3-dioxan and cis- and 
trans-4-hydroxymethyl-2-phenyl-1,3-dioxolan in acid-catalysed, equilibrated, O- 
benzylideneglycerol mixtures are critically dependent on solvent and temperature. 
In carbon tetrachloride, elevation of temperature increases the proportion of dioxolan 
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derivatives and, at a given temperature, diminishing concentration increases the 
proportion of the cis-r,3-acetal at the expense of the tra~zs-isomer. At equilibrium in 
dimethyl sulphoxide, the rrans-r,3-acetal is preponderant. 

On acid-catalysed benzylidenation of glycerol under homogeneous conditions 
(~&dimethylformamide), the ~,a-acetals form rapidly in the initial, kinetic phase, 
and the IJ-acetals are preponderant at equilibrium. 

A rationalisation of some of these observations is presented. 
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INTRODUCTION 

Pneumococcus Type V, first classifiedr in 1929, derives its immunological 
specificity, as do all Pnemococci, from its capsular polysaccharide, designated SV. 
The alkali-labile polysaccharide, which has been purified by precipitation with 
cetyltrimethylammonium bromide2 and by chromatography on diethylaminoethyl- 
Sephadexs, liberates o-glucose, D-glucuronic acid, and two amino sugars, identified425 
as 2-amino-2,6-dideoxy-L-galactose (L-fucosamine) and 2-amino-+dideoxy-L-talose 
(L-pneumosamine), on hydrolysis with acid 2. The intact polysaccharide contains 
N-acetyl, but no 0-acetyl, groups. Barker et aZ.2 tentatively identified a disaccharide 
and a trisaccharide, produced on partial hydrolysis of SV by acid, as O-(D-gluco- 
pyranosyluronic acid)-(r-3)-L-fucosamine and 0-(J-D-glucopyranosyluronic acid)- 
(1+3)-O-[D-glucopyranosyl-(r+4)]-L-fucosamine, respectively. 

Preliminary studies” showed that both SV and reduced SV are oxidised by 
periodate, with liberation of formic acid. In both cases, only L-fucosamine and a trace 
of o-glucose resisted oxidation. All of the L-pneumosamine residues were considered 
to be present as non-reducing end-groups, and the L-fucosamine residues to be 1,3- 
linked and/or involved in r,3,4-branch points. 

In this work, further details of the structure of the polysaccharide have been 
elucidated by methylation studies and by oxidation with periodate. 

RESULTS AND DISCUSSION 

Metlzylation. Polysaccharide SV was methylated, to constant methoxyl content, 
by the method of Srivastava et ~1.6, which has been recommended7 for the methylation 
of polysaccharides having a high hexosamine-content. Prior to methylation, the 

reducing end-group was converted into an alditol residue by reaction with sodium 
borohydride at a neutral pH. A similar technique has been employeds to reduce an 
alkali-labile, capsular polysaccharide of Kiebsiella pneumoniae. Despite a careful 
control of pH, only 80% of the polysaccharide was non-dialysable after treatment 
with sodium borohydride, and this probably reflects the extreme lability of SV 
towards alkali. Heidelberger er al.9 showed that the precipitating power of SV towards 
homologous rabbit-antiserum fell to I 8 and 7% of the original value after treatment, 

Carbohydrate Rex, 2 (1966) 224-233 



THE CAPSULAR POLYSACCHARIDE OF &.U?Ui7lOCOCCuS TYPE V 225 

at room temperature, with 0.1~ sodium hydroxide for 3 and 6 days, respectively. 
The products from methanolysis and hydrolysis of methylated SV (OMe, 18 %; because 
of the extreme alkali-lability of SV, further methylation by more drastic methods was 
not attempted) were separated into neutral, acidic, and basic fractions on ion- 
exchange resins. 

The neutral fraction was further separated into one major and two minor 
components by preparative paper chromatography. The major component was 
characterised as 2,3,6-tri-O-methyl-D-glucose, and the two minor components were 
tentatively identified as a di- and tetra-O-methyl-D-glucose, respectively, on the 
basis of their paper-chromatographic mobilities. Methylation studies thus show 
that the majority of the D-glucose residues in SV are r,@inked. 

The acidic fraction from methylated and hydrolysed SV was esterXed and 
reduced to give a trace amount of a component, tentatively identiGed as 2,3,4-t& 
O-methyl-D-glucose, and a major component, characterised as 3,4-di-O-methyl-D- 
glucose. The identification of the latter component establishes that the majority of 
the D-glucuronic acid residues in SV are 1,2-linked, although a small proportion 
are probably present as non-reducing end-groups. Residues of 1,2-linked D-glucuronic 
acid have recently been found10 in the minor polysaccharide component of Khaya 

senegalensis -“urn. 

The basic fraction from the methylated SV was a complex mixture of at least 
eleven components which were separated by chromatography on Dowex-50 (J5 + form) 
and designated, A-K, in order of elution from the column. Chromatographic and 
electrophoretic analyses indicated that several of the components were inhomo- 
geneous. This fact, together with the small amounts of material available, permitted 
tentative assignment of structure to only one of the components, A. This was consid- 
ered to be a methylated tetrasaccharide of the type [(D-glucosyluronic acid)+ 
fucosamine]r, since hydrolysis by acid yielded a methylated disaccharide [(D-gluco- 

syluronic acid)-L-fucosamine] and a methylated trisaccharide [(D-glucosyluronic 
acid)-I.-fucosaminyl-D-glucuronic acid], together with L-fucosamine hydrochloride, 
3,4-di-O-methyl-D-glucuronic acid, and a trace of 2,3,4-tri-O-methyl-D-glucuronic 
acid. Fraction F was uneouivocahy identified as L-fucosamine hydrochloride. The 
recovery of L-fucosamine from the methylated and hydrolysed polysaccharide 
supports the suggestion that L-fucosamine is present in SV as r,3,4-branch points, 
as indicated earlier2 by the isolation of the Disaccharide O-(B-D-glucopyranosyluronic 
acid)-(r+3)-O-[D-glucopyranosyl-(r-+4)]-L-fucosamine from SV by mild hydrolysis 
with acid. 

Oxidation withperiodate. Previous workers” have shown that oxidation of SV is 
maximal with 0.04” sodium metaperiodate after 70.5 h at room temperature. 
Oxjdised SV was reduced with sodium borohydride in neutral solution, since both 
SV and the aldehydic products of glycol cleavage are alkali-labile. However, the 
yield (50%) of non-dialysable polysaccharide, following oxidation and reduction, 
indicates that considerable degradation occurred during reduction, and the results 
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of such experiments must be interpreted with reservations. The products of hydrolysis 
of the reduced, oxidised SV were separated into neutral, basic, and acidic components 
by ion-exchange chromatographjr. 

Paper chromatography and electrophoresis of the neutral fraction indicated the 
presence of erythritol, together with a small amount of glucose, estimated to be ca. 
0.1% of the weight of the polysaccharide before oxidation. Erythritol can only 
arise from o-glucose residues in SV, and it is therefore concluded that these are 
either r,@inlced, or constitute r&i-branch points; however, the latter possibility 
was discounted by methylation studies. Glycerol was not detected in the neutral 
fraction, but the presence of glycolic aldehyde, which would be produced concomit- 
antly with erythritol from I,+ or r,4,Qlinked glucose residues, was indicated. Only 
D-glucuronic acid, estimated to be less than 0.1 y0 of the weight of the polysaccharide 
before oxidation, was detected in the acid fraction. The destruction of D-glucuronic 
acid residues on oxidation with periodate was expected from the results of methylation 
studies which demonstrated that the majority of thes e residues are involved in 1,2- 

linkages. The absence of glyceric acid in the acid fraction may reflect over-oxidation 
of the I,z-linked residues of D-glucuronic acid in SV. 

The presence of small proportions of D-glucose and D-glucuronic acid in the 
hydrolysate of reduced, oxidised SV might reflect incomplete oxidation of the 
polysaccharide. However, Barker et a1.2 showed that oxidation of SV was compIete 
under the conditions described, so that a small proportion of the D-glucose and 
D-glucuronic acid residues in SV may be either ~&inked, or, involved in branching. 

Chromatography of the basic fraction on Dowex-50 (H + form) suggested that 
most of the N-acetyl-L-pneumosamine residues had been destroyed, whereas the 
N-acetyl-L-fucosamine residues resisted oxidation. These results are in agreement 
with earlier observations2 that the former residues are present in S V as non-reducing 
end-groups, and the latter are either x,3-linked, or constitute branch points. 

A third basic component was eluted from the Dowex-so just before L-fucosamine 
and the simultaneous disappearance of L-pneumosamine and appearance of the 
new component suggested that there might be a correlation between these components. 
The structure of the third component, which moved slightly faster than pneumosamine 
on paper chromatography and moved as a basic monosaccharide on paper electro- 
phoresis, was not defined. Terminal, non-reducing residues of N-acetyl-L-pneumos- 
amine would be degraded by sequential oxidation with periodate, reduction, and acid 
hydrolysis to give I,~-dihydroxypropane and 2-amino-S-hydroxypropanal The 
former component was not detected by gas-liquid chromatography, and the latter 
would be expected to have chromatographic and electrophoretic properties different 
from those of the unidentied basic component, which may therefore arise from 
condensation reactions of products from the hydrolysis of reduced, oxidised S V. 

In summary, we conclude that polysaccharide S V contains multiple residues of 
O-(D-glucopyranosyluronic acid)-(1+3)-N-acetyl-r_-fucosamine, to which are attached 
residues of r,+linked D-glucose and N-acetyl-L-pneumosamine. It is not possible to 
define the types of linkage for all of the aminosugar residues in SV since most of the 
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complex mixture of oligosaccharides from methylated SV were not characterised. 
However, the results co&m earlier suggestions2 that most of the N-acetyl-L-pneumo- 
samine residues are present as non-reducing end-groups and that those of N-acetyl-L- 
fucosamine constittite branch points. 

The immunological specificity of Types II and V Pneulnococcus, and the chemical 
basis of the long-known immunological relationship between the two type+ have 
been extensively investigated by Heidelbergerlz, who concluded that the II-V 
relationship is due to the multiple occurrence of similarQ linked residues of D- 
glucuronic acid in the respective capsular polysaccharides, SII and SV. The cross- 
reaction of SII and gums of known constitution in antipneumococcal-V, horse and 
rabbit sera indicated that SV would b& found to contain either fewer non-reducing 
end-groups of D-glucuronic acid than’SI1, or (and possibly also) 1,4- or I,a-linked 
D-glucuronic acid. Reinforcement of the II-V relationship by similarly linked D- 

glucose residues was considered unlikely. 
Methylation of SII indicated13 that one third of the D-glucuronic acid is present 

as terminal non-reducing residues, and that the remaining residues are 1,4-linked. 
The present work shows that in SV, D-glucuronic acid residues are mainly r,a-linked, 

with a few present as non-reducing end-groups. It is unlikely that the latter residues 
are solely responsible for the II-V cross-reaction, and the discovery of I,a-linked 
D-glucuronic acid residues endorses Heidelberger’s original suggestion12 that such 
residues acquire, in part, the antigenic properties usually associated with end-groups. 
The cross-reaction of certain polysaccharides in anti-pneumococcal Type VI serum 
has been attributed14 to the presence, in those polysaccharides, of multiple, non- 
reducing end-groups of D-galactose. Polysaccharide S VI contains multiple residues of 
D-galactose, solely r,z-linlced15, and Heidelberger and Rebersl* consider that these 
residues function like an end-group in the animal stimulated to produce anti-SVI 
serum. 

EXPJZRIMENTAL 

Polysaccharide SV was kindly supplied by Dr. Michael Heidelberger, and was 
purified by precipitation with alcohol and with cetyltrimethylammonium bromide, 
essentially as described by Barker et aZ.2. 

General methods 
Paper chromatographic analyses were carried out on Whatman No. I and 3MM 

papers by using the following solvent systems (v/v): (a) butan-I-al-ethanol-water 
(4:1:5); (6) butan-I-ol-acetic acid-water (4:1:5)_ EIectrophoretic analyses were per- 

formed on Whatman 3MM paper in one of the following electrolytes: 0.2~ acetate, 
pH 5; 0.75~ formate, pH 2; 0.2~ borate, pH IO. Chromatograms and electrophoreto- 
grams were developed with aIkaIine silver nitrate, aniline hydrogen phthaIate, 
ninhydrin, or the Elson-Morgan reagents. The elution volumes of basic components 
from Dowex-50, relative to that of glucosamine, are expressed as EGN values. 
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Methoxyl content was determined by the method of Belcher and Godbert16. 
Amino sugars were determined by means of the Elson-Morgan reactionl7, as modified 
by Rondle and Morganl*, and hexuronic acids by a modifkationlg of the Dische20 
carbazole reaction. N-Methyl sugars were determined by the method of Scudi et aP. 

MethyIation of SV 
Polysaccharide SV (1.17 g) in water (300 ml) was reduced with sodium boro- 

hydride (1.17 g), added during 8.5 h. Carbon dioxide was bubbled continuously 
through the solution, during the addition of borohydride, in order to maintain 
neutral pH. The solution was adjusted to pH 4, by addition of 50% acetic acid, 
dialysed against several changes of distilled water for 2 days at O-S”, and freeze-dried 
to yield reduced SV (939.4 mg) which was dried to constant weight in uacuo over 

P20~. Dry barium oxide (5 g) and dry (CaClz), redistilled methyl iodide (20 ml) 
were added to a solution of reduced SV (939 mg) in dimethyl sulphoxide (20 ml), 
which had been dried and purified by azeotropic distillation with benzene. The 
mixture was stirred at room temperature under anbydrous conditions for 24 h, 
water was added, and the resulting turbid solution was thoroughly dialysed against 
distilled water for 3.5 days at 0-5~. The dialysed solution was centrifuged, and the 
supernatant liquor was freeze-dried to give a product (941 mg) which was methylated 
to constant methoxyl content by two further treatments as described above. The 
product (930 mg) had OMe, 17.9%. 

Methanolysis and hydrolysis of methylated S V 
A solution of dry, methylated S V @ 13 mg) in 3 % methanolic hydrogen chloride 

(119 ml) was heated under reflux, under anhydrous conditions, for 6 h, during which 
time [cY]~ changed from -89.7 to -21.6~. The solution was concentrated to dryness 
under diminished pressure, with intermittent addition of methanol, andthesyrupyresi- 
due was hydrolysed with 2~ hydrochloric acid (I 15ml) for 4 h at ~oo”.The hydrolysate 
had[or]B-8.6”(calculated on the weight of methylatedpolysaccharide beforemethanol- 
ysis). Hydrochloric acid was removed from the hydrolysate by repeatedco-distillation 
with water, and, finally, by neutralisation with silver carbonate. The resulting mixture 
was centrifuged, the supematant solution was concentrated to dryness, and the 
residue was dissolved in water (25 ml). The components of the hydrolysate were 

separated on ion-exchange resins. 

Basic fraction. The hydrolysate of methylated SV was applied to a column 
(3-g x 45 cm) of Dowex-5o (Hf form), previously calibrated with D-glucosamine 
hydrochloride, and the resin was washed with water (1.5 1). The aqueous eluate 

(neutral and acidic fraction) was concentrated to 25 ml. The resin was eluted with 
0.3~ hydrochloric acid, and fractions (25 ml) were collected automatically and analy- 
sed for amino sugars. The component present (A-K) had EGN values of o-89, 1.02, 
I .23, 1.50, 1.66, 1.86,2.18,2.35,2.52,2.83, and 3.15, respectively. Fractions containing 
each component were combined, and hydrochloric acid was removed by repeated 
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co-distillation with methanol under diminished pressure. The syrupy products were 
dried in ULZCUO over phosphoric oxide and analysed (with the exceptions of B and C) 
for amino sugar and N-methylamino sugar. Each component analysed gave a negli- 
gible colour in the latter assay. Component C was present in negligible amount and 
was not further investigated. The yields of other components, together with the optical 
rotation, methoxyl content (of some), and reaction in the Elson-Morgan assay are 
recorded in Table I. Several components were shown to be inhomogeneous on 
analysis by paper chromatography in solvent (a), and by paper electrophoresis, and 
only two components (A and F> were investigated further. Component A (&XV 
1.66) was immobile on electrophoresis in acetate buffer, and component P (&v 
r-16; MGN r-05 in acetate and formate buffers) was chromatographically and electro- 
phoretically identical with authentic L-fucosamine hydrochloride. 

TABLE I 

BASIC COMPONENTS FROM THE HYDROLYSATE OF hfETHYLATED sv 

component Weight, mg [cL]D in wUter,O OMe, % Co/our intensitp in &lax of 
Eison-Morgan assay, % chromogen, mp 

A 
B 

D 
E 
F 
G 
H 
I 

J 
K 

81.4 -81.3 

9.1 -64.8 

49.3 +16.6 
16.7 -13.8 
64.0 -61.1 

38.5 -30.9 
31.5 + 7.9 
33.3 +I8.g 

38.4 1-22.4 
68.5 +18.1 

20.4 

4-53 43.3 530 
16.0 530 
66.7 530 
15.9 510 
19.1 530 

8.16 23-3 530 
7.49 13.1 530 
7.04 IO.5 520 

512 

=As compared with that given by an equal weight of D-glucosamine hydrochloride (;lmsx 530 m,u). 

(a> Hydrolysis of component A. Component n (73.1 mg) was hydrolysed with 
2~ hydrochloric acid (3 ml) for 4 h at IOOO, and the cooled solution was neutralized 
with silver carbonate. The neutralised hydrolysate was concentrated to dryness 
under diminished pressure, and a solution of the residue in 0.3~ hydrochloric acid 
(5 ml) was applied to a column of Dowex-50 (H+ form), previously calibrated 
with D-glucosamine hydrochloride. Fractions were eluted with 0.3~ hydrochloric 
acid and analysed for content of amino sugars. Four components, designated 1-4, 
respectively, were obtained and had EGX values of 0.60, 0.85, 1.26, and 1.75. Com- 
ponents 1-3 contained uranic acid, and the ratio of uranic acid to hexosamine was 
highest for component I. The position of elution of free acidic material (component 
5) from the column was also indicated. The colours given by components 1-3 and 5 
in the carbazole assay had the same L,,, 5 ( zom,u) as that given by D-glucuronic acid. 
In the Elson-Morgan reaction, component 4 gave a chromogen having the same A,,,., 
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(530114~~) as thar given by D-glucosamine hydrochloride, whereas components I and 3 

had Am 525n4u, and component 2 had I,,, 518n+ 
Components r-5 were analysed by paper chromatography and paper electro- 

phoresis. The major component of I moved towards the anode (MGA 0.46) in acetate 
buffer and towards the cathode (Mcxo.zg) informate buffer. Components 2 and 3 were 
immobile in acetate buffer, but component 3 moved towards the cathode (k&v 0.48) in 
formate buffer. The paper-chromatographic and -electrophoretic mobiliries of com- 
ponent 4 and its E&l value on Dowex-50 (H f form) were identical with those of 
authentic L-fucosamine hydrochloride. Component 5 moved as an acid (MG~ 1.01) 
on electrophoresis in acetate buffer, and paper-chromatographic analysis showed 
that it contained no 2,3,6-tri-O-methyl-D-glucose. It showed two components 
having mobilities similar to those of 3,4-di-O-methyl-D-glucuronic acid (major) and 
2,3,4-tri-O-methyl-D-glucuronic acid (minor). 

(b) Identification of component F. Component Fwas crystallized from methanol- 
ether to give a product, [a]g -98.7 (5 mm)+-80.4” (equilibrium; c 0.41, water), 
which decomposed at 185~. Similar behaviour has been reported for L-fucosamlne 
hydrochloride22 {[a]: -93.4 & 2’ (c 1.29, water)} isolated from a bacterial source. 
The infrared spectrum (KBr disc) of the crystalline product was identical with that 
of authentic L-fucosamine hydrochloride. 

Separation of neutral and acidic components from hydrolysate of methylated S V 

The concentrated solution containing neutral and acidic components was 
applied to a column of De-acidite FF (CO& form) which was washed with water 
to elute the neutral components. The solution was concentrated to dryness under 
diminished pressure. 

Acidic components were eluted from the column with N ammonium carbonate 
solution, and the eluate was stirred with Amberlite IR 120 (H + form) and left to 
stand overnight. The solution was filtered and concentrated to dryness under dimi- 
nished pressure. 

Neutralji-action. The dry syrup { 167 mg, [a]n -!- 59.1~ (c 3.34, water)} showed 
three components on paper chromatography. The major component (RG 4.75) 
corresponded to 2,3,6-tri-U-methyl-D-glucose (& 4.79). The other two components 
(Ra 3.43 and 5-47, respectively) were present in small proportions only. No component 
of the neutral fraction formed a complex when examined by paper electrophoresis in 
borate buffer. 

‘The three components were separated and isolated by preparative, paper 
chromatography of an aliquot of the neutral fraction. The major component was 
crystallised from dry ether to give a product, m-p. I ID-I 15” (undepressed on admix- 
ture with authentic z,3,6-tri-O-methyl-D-glucose), [a]& f 63.4 (2 mm)-+ f 57-7 
(IO minb-37.4” (18 h, equilibrium; c 0.44, 2% methanolic hydrogen chloride). 
An authentic sample of 2,3,6-tri-O-methyl-D-glucose had [a]& + 65.7 (2 min) 
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++ 56.6 (IO min)+--38.5” (18 h, equilibrium; c 0.44. 2% methanolic hydrogen 
chloride). The infrared spectrum (KBr disc) and X-ray powder photograph were 
identical with those of authentic 2,3,6-tri-O-methyl-D-glucose. 

Acidic fraction. The dry syrup (75.5 mg) ([a]n + 29.9” (c 1.51, water)) showed 
only one component (A4 ~~3 o-98) on paper-electrophoretic analysis in acetate buffer. 
Paper-chromatographic analysis indicated the presence of one major and two minor 
components (RG 7-37, 2.56, and 15.0, respectively). 

The dry, acidic fraction (75.4 mg) was heated under reflux with a solution of 
3 “/, methanolic hydrogen chloride for 6 h. Hydrochloric acid was removed by repeated 
co-distillation with methanol under diminished pressure, and the residue (79 mg) 
was dried in z7acuo over phosphoric oxide and pellets of potassium hydroxide. A 
solution of the esterified fraction in ether was treated with lithium aluminium hydride 
for go min at room temperature, and the mixture was stirred for a further I h. The 
excess of lithium aluminium hydride was decomposed by cautious addition of water, 
the resulting suspension was stirred and filtered, and the filtrate was concentrated, 
under diminished pressure, to IO ml. The solution was deionised by successive treat- 
ments with Amberlite IR 120 (H f form) and De-acidite FF (COss- form), and the 
solution was concentrated to dryness under diminished pressure. The product was 
hydrolysed with 2~ sulphuric acid for 3 h at IOOO, and the acid was neutralised with 
barium carbonate. Paper-chromatographic analysis of the hydrolysate of the reduced 
fraction showed the presence of a small proportion of a tri-O-methyl-D-glucose 
(Ro 4,4g), which differed from authentic 2,3,6-tri-O-methyl-D-glucose (RG 4.36), 
and a major component (RG 3.22), which gave a pink colour with aniline hydrogen 
phthalate. The major component had a mobility (Mo o. I I) similar to that (MG 0.12) 

of authentic 3,4-di-O-methyl-D-glucose on electrophoresis in borate bu.Eer, pH IO. 
The minor component did not form a complex with borate ion. 

The major component was isolated by preparative, paper chromatography and 
crystallised from dry ethyl acetate to give a product, m.p. II~--I~I~, [a]f: t 80.8 
(2 min)--+ + 76.8” (20 h, equilibrium; c 0.25, water), identical with authentic 3,4-di- 
0-methyl-cc-D-glucopyranose {m-p. 114-118.5~; [aIn + 80.0 (initial) -+ + 76.0” 
(final, c 5.0, water)23}. 

Oxidirtion of S V with periodate, reduction, and hydrolysis with acid 

An aqueous solution of SV (392 mg) was oxidised at room temperature with 
0.04.~ sodium metaperiodate for 70.5 h; ethylene glycol was added to destroy excess 
of periodate, and the solution was dialysed and freeze-dried. The oxidised poly- 
saccharide (347 mg) was treated with sodium borohydride (I g), during which time 
(7 h) the solution was maintained at neutral pH by passage of carbon dioxide. The 
excess of borohydride was decomposed with dilute acetic acid, and the solution was 
dialysed and freeze-dried to give a product (184 mg) which was hydrolysed with 
2~ sulphuric acid for 4 h at 100~. The products of acid hydrolysis were separated on 
ion-exchange resins. 
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Acidicfraction. Acidic components in the mixture were separated by absorption 
on De-acidite FF (CO& form), which was then washed with water, and the aqueous 
eluate (neutral and basic fraction) was concentrated. The resin was eluted with 
N ammonium carbonate solution, and the eluate was treated overnight with Amberlite 
IR 120 (H + form) to remove cations. After filtration, the solution was freeze-dried to 
give a small amount of a hygroscopic solid which showed the presence of glucuronic 
acid on paper-electrophoretic analysis in acetate buffer. The amount of glucuronic 
acid present was estimated, by a modification 1s of the Dischese carbazole reaction, 
to be about 0.06% of the original weight of the polysaccharide before oxidation. 

Basic fraction. The concentrated solution containing neutral and basic compo- 
nents of the hydrolysate was applied to a calibrated column of Dowex-5o (H f form), 
which was then eluted with water to give the neutral fraction_ 

The column was eluted with 0.3N hydrochloric acid, and fractions were analysed 
for aminosugar content. Three components, having EGN values of 1.37, 1.65, and 
2.15, respectively, were obtained. The first component, which was absent from the 
hydrolysate of intact SV, had R GN 2.03 on paper chromatography, and its mobility 
(MGN 1.04) on paper electrophoresis in acetate buffer was typical of a basic mono- 
saccharide- It was not further characterised. 

The paper-chromatographic and -electrophoretic mobilities of the second 
component, and its EGN value (1.65) on Dowex-5o (Hi form), were identical with 
those of authentic L-fucosamine hydrochloride. Similar analytical methods indicated 
the third component, which was present in trace amount, to be r_-pneumosamine. 

Neutral fraction. Paper chromatography of the neutral components indicated 
the presence of glucose, erythritol, and glycolic aldehyde. The presence of erythritol 
was confirmed by paper electrophoresis in molybdate buffer @H 5)24, in which it 
was clearly distinguished from authentic D. threitol. The amount of residual D-glucose 
in the neutral fraction was estimated, by reaction with glucose oxidasess, to be 
about 0.1% of the weight of the polysaccharide before oxidation. r,2-Dihydroxy- 
propane was not detected in a portion of the neutral fraction analysed by gas-liquid 
chromatography on a column of polyethyleneglycol adipate. 
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SUMMARY 

Further details of the structure of the capsular polysaccharide (SV) of Pneumo- 
coccus Type V have been elucidated by methylation studies and by oxidation with 
periodate. It is proposed that the polysaccharide contains multiple residues of 2- 
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acetamido-2,6-dideoxy-3-G(D-glucopyranosyluronic acid)-L-galactose, to which are 
attached residues of D-glucose and 2-acetamido-2,6-dideoxy-L-talose (N-acetyl-L- 
pneumosamine). Residues of 2-acetamido-2,6-dideoxy+galactose (N-acetyl-L- 
fucosamine) constitute branch points, and pneumosamine residues are present 
mainly as non-reducing end-groups. The majority of the D-glucose and D-glucuronic 
acid residues are 1,4- and I+linked, respectively. The immunochemistry of SV is 
reviewed in the Iight of these findings. 
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INJXODUCTION 

It has long been known that the crystalline forms of glycolaldehydel*s, DL- 

glyceraldehyde3z and 1,3-dihydroxyacetone49 5 are dimeric. Wohl and Neuterg6 
suggested formulae based on 1,gdioxan for these dimers. It is also knownl-s that the 
dimers dissociate into the monomeric forms in aqueous solution, but the free monomer 
has only been isolated for I,3-dihydroxyacetone7*s. Formation of isomers of the 
crystalline dimers is also possible, but has received little attention. The existence of 
an alternative dimer of glycolaldehyde, derived from IJ-dioxolans, and the occurrence 
of cis- and trans-forms of 2,5-diethoxy-r,+dioxanle, have been reported. The for- 
mation of t,pdihydroxy-I,+dioxan 11, by an addition reaction between glyoxal and 
ethylene glycol, is also of interest. 

RESULTS AND DISCUSSION 

The structures of crystalline samples of dimeric glycolaldehyde, DL-glycer- 
aldehyde, and IJ-dihydroxyacetone have now been established by p.m.r. spectroscopy 
of their per-O-trimethylsilyl (per-U-trisyl) ethers. The results are summarised in 
Table I, which includes, for comparison, results for the anomeric protons of penta-& 
trisyl-a- and /3-D-glucopyranoses. The behaviour of the anomeric protons in these 
D-glucose derivatives was similar to that reported for the corresponding acetates by 
Lernieux et aZ.1”. Thus, the anomeric proton in the /3-D-glucopyranose derivative 
showed a greater, vicinal coupling constant (J1,2) than that in the a-D-glucopyranose 
derivative, the relevant protons being trans-diaxial rather than gauche. The same 
effect occurs in I,+dioxan for which Cohen et al.13 found Jtrnns g-4 c.p.s. and Jgauche 
2.7 c.p.s. The signals for the anomeric protons in the spectra of glycolaldehyde and 
Dr.-glyceraldehyde dimers were identified by their low chemical shifts. m_.-Glycer- 

aldehyde, like /?-D-glucopyranose, showed a value of J1.2 corresponding to a rrans- 

diaxial conformation, while glycolaIdehyde showed both rrans-diaxial and gauche 
couplings and resembled the B-anomer of 2-deoxy-D-arnbilro-hexopyranose reported 
by Lenz and HeescheG. Thus, both these dimers are derivatives of r,+dioxan having 

the substituents disposed symmetrically and in equatorial conformation (I and II). 
For glycolaldehyde dimer (I), the structural assignment is supported by the 

behaviour of the methylenic protons, which showed a reIative chemical shift of 
0.52 p.p_m_ The axially disposed proton, i.e., that showing the higher vicinal coupling, 
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TABLE I 

PROTON CHEMICAL SHIFTS AND COUPLING CONSTANTS 

Crystalline dimer of Proton c Appearance t vahe J(c.p.s.) 

GIycolaidehyde (I)= H-r 
H-2, 
H-2, 

DL-Glyceraldehyde (II)” H-I 
H-2 
H-3 

r,pDihydroxyacetone (III)= H-1, 

;I;” 
1,3-Dihydroxyacetone (IV)* H-r, 

H-Et? 
H-3z 
H-3, 

a-D-Glucopyranosea H-I 
P-D-Glucopyranosen H-r 

quartet 
quartet 
quartet 
doublet 
sextet 
doublets 
doublet 
doublet 
singlet6 
doublet 
doublet 
doublet 
doublet 
doublet 
dqublet 

5.23. Jxnlr 6.0 
6.76 J1,rr 2.4 
6.24 J2a,2c 11.2 
5.32 J1.2 7.4 
6.80 Jz,s 3.0 
6.35 
6.56 J&a 11.2 
6.09 
6.50 
6.51 Jia.1,~ r 1-o 
5.99 
6.38 J3z,sy 8.7 
6.12 

S-O.5 Jl.2 3.0 
5.55 JI.Z 6.5 

aMeasured as per-O-trisyl ether in CC14 solution. 
bMeasured as di-U-isopropylidene derivative In CC4 solution. 
=For numbering of protons see the formulae. 
dSignal integrates for two protons. 

was the more shielded. This effect, an account of which is given by JackmarP, is 
likewise seen in the relative chemical shift of the anomeric protons of the penta-@ 
trisyl ethers of a- and @-D-glucopyranose (0.50 p.p.m.). 

CHZOR 

/ 

CH,oR 
o=c\CH eOR 

2 

Iz: OR 
R = Si (CR,), 

XI 

The spectra of the tetra-O-trisyl and di-~-isopropylidene derivatives of the 
r,3_dihydroxyacetone dimer were appropriate for symmetrically substituted derivatives 
of 2,5-dihydroxy-z,j-di(hydroxymethyl)-X,4-dioxan (III and IV, respectively). Both 
compounds showed pairs of doubIets, having relative chemical shifts of 0.47 and 
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0.52 p.p_m_, respectively, c$ glycolaldehyde dimer (I). The exocyclic methylenic 
protons of dimer (HI) were equivalent, whereas the isopropjllidene derivative (IV) 
showed a second pair of doublets attributed to the methylenic protons of the 1,3- 
dioxolan rings. The relative chemical shift of this pair of protons (0.26 p.p.m.) is 
not necessarily characteristic of a five-membered ring, but the rather low geminal 
coupling resembles that found for the H-6 protons in certain 3,6-anhydro-D-glucose 
derivativesle. For the structurally related “di-D-fructose anhydride I”, Lemieux and 
Nagarajanrr argued that the ketal oxygens are probably axially disposed about the 
dioxan ring; the formulae show the corresponding conformations for compounds 
(III) and (W). 

The O-trisyl derivatives (I), (Il), and (III) were analysed by g.1.c. (cJ Sweeley 
et aZ.r*); hyGrocarbon (column A) and polyester (columns B and C) stationary phases 
were used. The retention volumes observed on columns A and B are summarised 
in Table II. Fresh, crystalline samples of glycolaldehyde, or_-glyceraldehyde, and ‘1,3- 

dihydroxyacetone each showed one major component on g.l.c., when trisylated under 

TABLE II 

SPECIFIC RETENTION VOLUMES (vge) OF f%TRISYL ETHERS 

Parent Compound Column A Column B 

Glycolaldehyde dimer (I)= 
nr;-Glyceraldehyde dimer (II)= 
I ,3-Dihydroxyacetone monomer (VI) 
1,3-Dihydroxyacetone dimer (V) 
1,3-Dihydroxyacetone dimer (IV)” 
Glycolaldehyde/r,3-dihydroxyacetoneb 
GIycoIaldehyde/DL-glyceraldehydeb 
a-D-Glucopyranose 
/i?-D-Glucopyranose 

III0 

r7800 

727 
Wkio 
19300 

42000 

94000 

724 
6530 

676 
6060 

7540 
2010 
3160 

11500 
26300 

=CrystaIline, dimeric form. 
*Mixed, dimeric form? 

carefully controlled conditions. However, complex chromatograms were often obtain- 
ed, showing the presence of dimers other than the crystalline forms. This behaviour 
is illustrated in Fig. r for DL-glyceraldehyde that had been subjected to (a) partial and 
(b) complete mutarotation, and for o-glyceraldehyde (c). Comparison of these 
chromatograms, obtained on column A, with those for the same samples on column B 
indicated the presence of at least eight dimeric forms. Chromatograms obtained from 
freshly distilled or.-glyceraldehyde were similar to those from the completely mutaro- 
tated sample. There was no evidence for the presence of monomeric glyceraldehyde in 
any of these products, but its presence in aqueous solutions or in the vapour phase is 
not precluded. 

By contrast, trisylated, mutarotated samples of r,3-dihydroxyacetone clearly 
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showed the presence of the monomeric form as a peak of Iow retention volume in the 
chromatograms, and by the presence of carbonyl absorption in the i.r. spectra. 
Vacuum distillation of the crystalline material gave almost pure monomer, confirming 
the finding of Fischer and Mildbrand’. 

Fig. I. G.1.c. (column A, 12.5~) of the 
trisyIated products from (a) partiaIly 
mutarotated or-glyceraldehyde, (b) 
completely mutarotated DL-glyceralde- 
hyde, and (c) D-glyceraldehyde. The 
arrow shows the peak characteristic of 
crystalline rx-glyceraldehyde dimer. 

100 60 60 40 20 0 
Elution time (min) 

Chromatograms on columns A and B of r,3-dihydroxyacetone, which had been 
subjected to partial mutarotation and then trisylated, showed a third peak, often as 
the major component, attributable to a second dimeric form. One such product had 
the following approximate composition (by g.1.c. on column B): monomer, 25%; 
crystalline dimer, 15%; second dimer, 60%. In addition, g.1.c. on column C at 175~ 

showed the presence, in small proportions, of at least sixteen components of higher 
retention volume, which may have been trisyl derivatives of oligomers or condensa- 
tion polymers such as those reported by Levene and Waltilg. The main feature of the 
p.m.r. spectnmr of this mixture was a group of three singlets (z 6.32, 6.37, and 6_44), 
of equal intensities, close to the singlet arising from the exocyclic methylene groups 
of dimer (III). In addition, two doublets (t 6.01, 6.24. J 8.0 c.P.s.), similar to those 
observed for the methylenic protons of the r,3-dioxolan rings of compound (IV), 
were present. It was tentatively concluded that the principal component of this 
mixture was a dimer of r,3-dihydroxyacetone possessing a structure (V) related to 
~,pdioxolan. The signal from the methylenic protons of the monomer (VI) was 
observed as a sharply resolved singlet (z 5.70) 

Equimolar mixtures of glycolaldehyde and DL-glyceraldehyde, and of glycol- 
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aldehyde and I ,3-dihydroxyacetone, prepared under conditions of partial muta- 
rotation, were trisylated and examined by g.1.c. on column B. Extremely complex 
chromatograms were obtained. In addition to peaks characteristic of the individ- 
ual components, new major components were observed, whose retention volumes 
(Table II) suggested that they were mixed dimers. The mixture of glycolaldehyde and 
DL-glyceraldehyde also showed peaks attributable to traces of aldopentoses. 

EXPERIMENTAL 

The glycolaldehyde, DL-glyceraldehyde, D-glyceraldehyde, and I,3-dihydroxy- 
acetone were fresh, commercial samples. The di-O-isopropylidene derivative of 
dihydroxyacetone dimer was prepared by the method of Fischer and Taubes, using 
anhydrous copper sulphate. G.1.c. on column B showed two components (85% 
and 15% by peak area); the structure of the major component (IV) only was estab- 
lished. 

‘Partial mutarotation’ implies that which occurred when a freshly prepared 
aqueous solution of a hydroxycarbonyl compound (1% w/v) was concentrated to 
dryness under diminished pressure at 4o”_ ‘Complete mutarotation’ implies that which 
occurred when an aqueous solution of a hydroxycarbonyl compound (r o/0 w/v) was 
shaken for 24 h at 20~ with Amberlite IR-120 resin (H + form), titered, and concen- 
trated to dryness as above. 

Trisylation. This was performed in the following way, which minimised 
mutarotation during reaction. To the hydroxycarbonyl compound (0~05-o.5 g) was 
added sufficient, dry pyridine to dissolve it without heating (cJ ref. 18). When 
dissolution was complete, chlorotrimethylsilane (>50% excess) was added. After 
30 set, light petroleum (b.p. loo---IZO~; twice the volume of pyridine used) was added. 
The O-trisyl ethers were isolated at once by concentration of the reaction mixture to 
dryness, and extraction of the residue with light petroleum (b.p. 60-80”). P.m.r. 
spectra of the O-trisyl or O-isopropylidene derivatives were measured for carbon 
tetrachloride solution, with tetramethylsilane as an internal standard, at room 
temperature with a Varian A-60 spectrometer. Chemical shifts are expressed on the 
t-scale and represent the centres of gravity of the appropriate signals. Coupling 
constants were obtained by direct measurement of the spectra. 

G.Z_c. Analyses of the trisyl derivatives, suitably diluted with chloroform, 
were carried out on a modified Pye Argon Chromatograph. The columns were Pyrex 
tubes of 4-mm internal diameter and I22-cm length. Columns A and B were packed 
with pretreated glass microbeads (105-125 p diameter) and maintained at 125~. 

Column C was packed with Kieselguhr (M. and B. ‘Embacel’, acid-washed, 150-250 p 
diameter) and maintained at 175”. Column A contained hexatriacontane, 0.20% by 
weight, (O.O#I g). Column B contained poly(decane-r,ro-diol succinate), 0.21 ok by 
weight, (0.0496 g). Column C contained poly(ethyleneglyco1 succinate), 10.70/: by 
weight, (0.326 g)_ Specific retention volumes were corrected for column dead-volume 
and calculated at column temperature. 
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SUMMARY 

The crystalline, dimeric forms of glycolaldehyde, DL-glyceraldehyde, and 1,3- 

dihydroxyacetone, converted into their pertrimethylsilyl ethers and then analysed 
by g.l.c., showed one major component in each case. P.m.r. spectroscopy of their 
trimethylsilyl ethers showed these crystalline dimers to be symmetrically substituted 
derivatives of r,+dioxan. The same conclusion held for the major isopropylidene deri- 

vative obtained from the condensation of 1,3-dihydroxyacetone with acetone. 

Samples of glyceraldehyde and I ,3_dihydroxyacetone, partially or completely equili- 
brated in aqueous solution, recovered by evaporation, trimethylsilylated, and analysed 
by g.l.c., gave complex chromatograms. At least eight dimeric forms of glyceraldehyde 
were detectable. For r,3-dihydroxyacetone, the free monomer and a second dimer 
were observed. This second dimer is thought, from p.m.r. evidence, to be a derivative 
of r,pdioxolan. Both glyceraldehyde and r,3-dihydroxyacetone formed mixed dimers 
with glycolaldehyde. 
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INTRODUCTION 

Paul and Tchelitcheffr reported the synthesis of 4-pentyn-I-01, HC=CCHe- 
CHeCHaOH, from 5-bromo-2,3-dihydro-qH_pyran and butyllithium or butylsodium. 
The simultaneous production of butyl bromide was taken as evidence that the initial 
step was replacement of halogen by metal: 

Similarly, it would be expected that D-lyxo-5-hexyne-1,2,3,&tetrol (II) should be 
obtainable from 3,4,6-tri-O-acetyl-2-bromo-D-glucal (I). Such a synthesis would 
provide a novel route to carbohydrates containing acetylenic functionality_ 

CHzOR 

I 
ROCH 

I 
ROCH 

I 
HCOR 

I 

I 
CHzOAc C 

H 

I II: R=H 
II-AC: R = AC 

Recently, a quite different synthesis of related sugar derivatives was announced”. 
A Grignard method was employed, using ethynylmagnesium bromide with an aldehyde, 
to form a I-substituted propargyl alcohol: HC=CMgBr f RCHO + HC=C- 
CHR-OH. The R in RCHO was a carbohydrate residue. 

*American Viscose Corporation Research Fellow, Ig57-Igsg. 
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To synthesize I, tri-O-acetyl-D-glucal (III) was prepared by way of Fischer’s 
synthesis3 from tetra-O-acetyl-a-D-glucopyranosyl bromide, zinc dust, and aqueous 
acetic acid. Yields were irregular, ranging from o to S-5%, and appeared to depend 
on the nature of the zinc dust that was used. Copper salts or platinum salts were 
ineffectual promoters for our samples of inert zinc dust, although they have been 
reported by others4 as being helpful. Experiments with magnesium turnings in place 
of zinc dust, either in cold acetic acid or in refluxing tetrahydrofuran, were unsuccess- 
ful; most of the glycosyl bromide was recovered. 

CH CHBr CH2 

C!H 
I I 

CHBr CHCl 

I 

‘1 ‘1 I 

I I 
AcOCH AcOCH HOCH 

I 1 I 
HCOAc HCOAc HCOH 

I I I 
HCO HCO HCO- 

I I I 
CHzOAc CHzOAc CHzOH 

III ZV V 

Compound III was converted into both its dichloride and dibromide (IV). 
On reduction with lithium aluminum hydride, the dichloride was changed smoothly 
into a monochloride. Structure V, 1,5-anhydro-z-chloro-2-deoxy-u-glucitol (and 
-mannitol)*, is assigned to it because, of the two chlorine atoms, that on C-2 behaves 
as a not particularly reactive alkyl chloride, and that on C-I is a hemiacetal chloride 
which is in a class known to be very reactive: thus, whereas alkyl chlorides or bromides 
(comparable to the chlorine on C-2) are not affected5 by lithium aluminum hydride, 
tetra-O-acetyl-a-D-glucopyranosyl bromide (a hemiacetal bromide comparable to the 
chlorine on C-I of the dichloride) is reduced, as well as deacetylated, by lithium 
aluminum hydride to 1,5-anhydro-D-glucitols. Furthermore, 2,3-dibromotetra- 
hydropyran, of analogous structure, gave rise to 3-bromotetrahydropyran in good 
yield when treated comparably with lithium aluminum hydride: 

The dichloride or the dibromide, as formed from the glucal, may exist in four 

*lit this name, the substitutional prefix “chloro” is alphabetized among the two operational prefixes 
“anhydro” and “deoxy” to conform with Rule 14 of the Rules of Carbohydrate Nomenclature. 
If the operational prelixes were directly attached (alphabetically) to the stem name that they operate 
on, to create a new stem name, r,5-anhydro-z-deoxyglucitol, a more defensible, complete name 
for V would result, namely, z-chloro-D-r,s-anhydro+deoxyghcitol (and -mannitol). Compare 
(a) the parallel exampIe of hexane and cyclohexane, wherein cycle is the operational prefix, and 
(6) the non-alphabetization of cycle and nitro in the name nitrocyclohexane. 
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isomeric structures, the pertinent parts of which are depicted below in a projection 
that was tist employed by Biieseken? in 1928, but which has become popularized 
in the last decade as a “Newman projection”. 

H 
H 

% 

Br 

al- 

oe CJ 

a-D-manno 

H 
Br 

Br H C3 
AC5 

fi-D-manno 

Br 

Br 

# 

H 

H C3 
oc5 

a-o-gluco ,+D-glUC0 

It has been established recently* for the dibromide that 60% of the mixture 
is the a-D-giuco isomer, 30% is the a-D-mama isomer, and no more than 10% is a 
mixture of the two P-D isomers. Thus, the major product is the one that seemingly 
involves cis addition at the double bond, differing from the usual trans path that is 
followed in the bromination of alkenes. This apparent conflict, however, is readily 
resolved by assuming an initial trans addition, followed by anomerization of the 
reactive C-I halogen atom from a p-D-gluco to the more favorable cr-D-glztco structure 
with its axial halogen atom. 

Triethylamine was used as dehydrohalogenating agent to convert the dibromide 
into (I). The combined effects of greater reactivity of Br at C-I and the relatively 
high acidity (because of the inductive effect of the Br at C-2) of the H at C-2 set the 
stage for the elimination reaction_ Triethylammonium bromide was isolated in yields 
of 60 to go%. Whether or not the elimination was momentarily preceded by quater- 

nary salt formation (i.e., AcOCHzCH(CHOAc)aCHBrCHl&t~ -Br), as is known9 

o- 
to occur with tetra-O-acetyl-a-D-glucopyranosyl bromide and triethylamine, cannot 
be answered; none was isolated. 

The acetylated bromoglucal (I) was obtained as a viscous, orange oil. Its 
formation from the dibromide in an E2 type of elimination reaction calls for coplan- 
arity of the atoms involved, namely, H-C-C-Br. For this to occur with the pyranose 
ring, both H and Br must be axial. Consideration of the Newman projections shows 
that, of the four possibilities, only the a-D-gZuco structure meets this requirement if 
Br on C-I is the departing halogen. It is evident, therefore, that conversion of the 
total dibromide into (I) cannot be expected_ 

Carbohp&are Res., 2 (rg66) 240-250 



ACETYLENIC SUGAR DERIVATIVES FROM GLYCALS 243 

3,4&T&0-ace@-a-bromo-D-glucal (I) is a new compound, although there 
is one erroneous referencelO in Chemical Abstracts to “a-bromotriacetylglucal”. 
Actually, the compound therein reported was the glycose, not a glycal, namely, 
3,4,6-tri-0-acetyl-2-bromo-2-deoxy-D-glucose which had been made from the dibro- 
rnide of 3,4,6-tri-0-acetyl-r+glucal and moist silver oxide. 2-Bromoglycals are not 
mentioned by Helferich in his extensive review11 of glycals. 

Treatment of one mole of (I) with 12 moles of butyllithium yielded 5-methyl- 
5-nonanol(37 %) as anticipated by reaction of butyllithium with the acetate groups, 
and the hexynetetrol II was obtained in low yields as its tetraacetate II-AC. The 
following mechanism is favored, omitting details for removal of ester groups: 

Compound II was not formed from tri-0-acetyi-D-glucal dibromide and butyl- 
lithium without the prior dehydrobromination step, nor was II formed from I by 
use of either isopropylmagnesium bromide or lithium aluminum hydride. 

The structure of II-AC was supported by elemental analysis, by infrared 
absorption bands at 3.04 and 4.66~ which are so characteristic of the -C=CH 
grouping, and by its saponification followed by hydrogenation to form D-Zyxo- 

1,2,3,4-hexanetetrol, a known crystalline compound=. 
Just as II-AC was made from tri-0-acetyl-D-glucal, so also was D-rhreo-g 

pentyne-r ,2,3-trio1 triacetate (VI) synthesized comparably from 3,4-di- O-acetyl- 
D-xylal (VII). In contrast to II-AC, which was crystalline, VI was obtained as 

CHsOAc 

I 
AcOCH 

I 
HCOAc 

I 
C 

[ 

H 

VI VII 

a clear yellow oil. Its infrared spectrum supports the assigned structure. It showed 
bands for the acetylenic function at 3.04 and 4.68 ,u of intensity comparable to that 
of the same bands for II-AC. 

The tetraacetate of this hexanetetrol has not been reported previously. We 
prepared it in two ways: (I) by hydrogenation of the hexynetetrol tetraacetate, and 
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(2) by acetylation of the hexanetetrol. This tetraacetate exhibits dimorphism, one 
form melting unsharply at about 65O and the other at 77-78.5O. 

Ozonolysis of II-AC gave rise to the known tetra-0-acetyl-D-arabinonic acid 
in good yield. This was the expected product of the cleavage of the acetylenic triple 
bond by ozonera. There are not many ways to prepare fully acetylated aldonic acid+, 
and this synthesis from aglycal provides a new general method. 

Both the hydrogenation and ozonolysis reactions proved that there was retention 
of the stereochemical structure in forming II. Such retention of configuration follows 
the known behavior of other carbohydrate derivatives towards organometallic 
reagents15. 

Hydration of the triple bond of II-AC proceeded normally in acetic acid 
solution when catalyzed by mercury(H) ion. The product was I-deoxy-keto-D-fructose 
tetraacetate, AcOCHs--(CHOAc)s-COCHs, the acyclic ketose derivative. 

Tetra-0-acetyl-D-arabinononitrile, AcOCHe-(CHOAc)s-C EN, to which II-AC 
has a formal structural relationship, is known to be split into D-erythrose and cyanide 
ion in basic media @Vohl degradation). However, deacetylation of II-AC to afford 
II was readily effected, with no evident formation of erythrose and acetylene, by 
treatment with ammonia in aqueous methanol. With sodamide in liquid ammonia, 
three-fifths of the II-AC was recovered. No doubt, conditions may yet be found for 
this cleavage; if they should be, the reaction would provide a means of degrading 
sugars by a-carbon units, e.g., from hexose to tetrose. Analogy for such a cleavage is 
known with simpler acetylenic alcohols, as in the smooth decomposition of propargyl 
alcohoP into acetylene and potassium formate on heating with potassium hydroxide, 
or of 2,5-dimethyl-3-hexyne-2,5-dioP7 into acetylene and acetone by heating with 
a variety of basic reagents_ 

Oxidative coupling of copper(I) acetylides is a well known reaction. An example18 
is the high-yield, oxidative coupling of the copper(I) salt of ghexen-I-yn-3-01 into 
5,7-dodecadiyne-4,g-diol. It was hoped to adapt the procedure to the synthesis of a 
dodecadiynoctol, HOCHs-(CHOH)a-C EC-C rC-(CHOH)&HsOH. This reaction, 
however, was not realized; nine-tenths of II was recovered as its acetate. From this 
result, it would be expected that oxygen consumption would have been negligible also. 
Unaccountably, however, a fair amount of oxygen was consumed. 

Microanalyses reported below were performed by Miss Hilda Beck. 

Glycals 

Tri- O-acetyl-D-ghrcal was made by treatment of tetra- O-acetyl-a-D-gluco- 
pyranosyl bromide with zinc dust and aqueous acetic acid, following Fischer’s 
synthesisa. Our experience showed that the yield depended primarily on the particular 
zinc dust employed_ Sample SS-3416 of No. I zinc dust, Federated Metals Division, 
American Smelting and Refining Co., was effective, and gave rise to an 85% yield 
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after recrystallization from aqueous alcohol; m.p. 52.5-55”. Some inactive sample5 
of zinc dust could be activated by preliminary etching with dilute hydrochloric acid, 
but others could not. The zinc could be either reagent or technical grade; some samples 
in either category worked well, whereas others failed. 

Di- 0-acetyl-o-xylal, b-p. 67-6S”/o. I mm, was made by the procedure of 
Levene and Morila. 

pBromotetrahydropyran 

To 20 ml of dihydropyran was added dropwise a 20% solution of bromine 
in chloroform until a yellow color persisted. Solvent was removed, leaving a sirupy 

dibromide, a product previously described by Woods and Sander@. It was dissolved 
in 50 ml of dry ether and treated during 30 min with 3.0 g of lithium aluminum 
hydride in 50 ml of dry ether. After 30 min of stirring at zoo, water was added, and 
the solution was acidified (HCI). The ether layer was separated, washed with water, 
dried, and concentrated. The sirupy residue was distilled; b-p. 3S-40% mm. The 
colorless distillate was redistilled, giving 26 g (70% yield) of product, b-p. 67-68” 
/IS mm, ng r_4go7. It did not decolorize bromine (in C(X), and it only gave a 
precipitate with alcoholic silver nitrate on standing for a time. 

Anal. Calc. for CsHsBrO: C, 36.38; H, 5.48. Found: C, 36.88; H, 5.53_ 

I ,5-A~hydro-2-chloro-2-deoxy-D-ghcito~ (and -mannitol) triacetate 

Ten grams of tri-0-acetyl-D-glucal was converted into its dichloride by using 
Fischer’s directions’i. The sirupy product in 50 ml of absolute ether was slowly added, 
with stirring, to a solution of 4.8 g of lithium aluminum hydride in 200 ml of absolute 
ether during 30 min. A white precipitate formed. The suspension was refluxed for 
one h, and then cooled, and about IOO g of water was added incrementally. The water 
layer was separated, acidified with acetic acid, and evaporated to dryness. Acetic 
anhydride (50 ml) was added, and the mixture was heated to boiling. After the 
vigorous reaction had subsided, the mixture was refluxed for 30 min, and then about 
30 ml of solvent was distilled off. The concentrate was cooled and poured into IOO ml 

of ice water. A light-brown oil separated, and was extracted into chloroform. The 
solution was washed with water, sodium bicarbonate solution, and again with water, 
dried (MgSOJ), and the solvent evaporated; the residue was distilled; yield, 8.1 g 
(71%) ; b.p. 155-r65”/0.05 mm. The distillate was a clear, very viscous oil that resisted 
crystallization. Although the halogen in the compound was not readily removed by 
treatment with sodium bicarbonate, and was only slowly responsive towards silver 
nitrate, the compound gave a strong halogen test after sodium fusion. 

Anal. Calc. for C12H17C107: C, 46.77; H, 5.54. Found: C, 46.36; H, 5.53. 

D-lyxo-5-Hexyne-r ,q,q-tetrol tetraacetate ‘(II-AC) 

A solution of 5.01 g of bromine in carbon tetrachloride (20 ml) was added 
during 20 min to an ice-cold solution of 7-75 g of tri-0-acetyl-D-glucal in 40 ml of 
carbon tetrachloride. After a further 30 min, the solvent was removed under 
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diminished pressure, leaving a clear, pale-yellow oil. This was dissolved in 30 ml of 
triethylamine, and the solution was heated for 2 h at 6o-70”, cooled, diluted with 
40 ml of ether, and filtered to remove a 75% yield of triethylammonium bromide 

(m-p. and mixed m.p., 24o-241~). Evaporation of the filtrate left 10.8 g of a viscous, 

orange oil which was, presumably, mostly I. 
The above oil (I), dissolved in 50 ml of absolute ether, was added dropwise, 

during 30 min, to a well stirred solution of butyllithium2” (0.5 mole) in 300 ml of dry 
ether. There was much foaming, but no precipitation. The mixture was refluxed for 

2 h, and then treated with IOO ml of water. The ether layer contained 5.0 g (37%) of 

5-methyl-5-nonanol*, b.p. 61-62O/o.2 mm. 
The water layer was acidified with acetic acid, and evaporated to a thick gum. 

Absolute alcohol (50 ml) was added and distilled off, and the process was repeated 
(to remove traces of water). Acetic anhydride (150 ml) was added, and the mixture 
was warmed on a steam bath. A vigorous, exothermic reaction occurred, and the 
solution became black. (No catalyst was added, since much lithium acetate was present.) 
The solution was heated on a steam bath for one h, and then the solvent was dis- 
tilled off. The black, gummy residue was poured into IOO ml of ice water, producing 
a black tar, essentially insoluble in water or ether; it was slowly dissolved by shaking 

it with a mixture of these solvents. The water layer was extracted with ether, and the 
(black) ether extracts were combined, dried (CaCle), decolorized with Norit, filtered, 
and evaporated to a yellow oil. If the solution was insufficiently decolorized by this 
treatment, it was evaporated, dissolved in 40 ml of alcohol and IO ml of water, and 
decolorized by Norit, and re-evaporated. 

The clear, yellow oil was induced to crystallize by chilling a 5% solution in 

butanol to -78”, while scratching the insides of the vessel. Alternatively, crystalli- 

zation could be effected by adding water to the alcohol solution of the oil to tur- 

bidity and scratching the inner walls of the container_ The yield of white crystals 
varied from zero to o-go g (o to IO% of the theoretical), m.p. 62-64”. The product 
could be crystallized from a solution in water and alcohol, bttt larger crystals were 
obtained from a solution in ether and pentane. Several recrystallizations gave large 
crystals, m-p. 64-66”, [a]n - 10.9 f 0.7~ (c 6, CHCl$. 

Anal. Calc. for C~Hu30s: C, 53.52; H, 5.74. Found: C, 53.85; H, 5.85. 
A solution of the above product in aqueous alcohol gave an immediate, white 

precipitate with ammoniacal silver nitrate, but the precipitate turned black within a 

few seconds. A pale-green precipitate was formed with ammoniacal copper(I) chlo- 
ride, but only at fairly high concentrations of the reactants. 

Strong infrared absorption bands were observed for II-AC at 5.75, 7.27, 8.10, 

g-25, g-40, and 9.62 ,u, and medium bands at 3.03, 4.65, 6.81, 6.95, 10.25, 10.50, 
11.78, and 13.80 ,u. 

*Whitmore et aLz3 list the b.p. as 100~/24 nun. 
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Ozonation of II-AC 

A cold solution (0”) of 0.80 g of II-AC in IOO ml of carbon tetrachloride was 
treated for 6 h with a 5% ozone-in-oxygen stream at the rate of 0.01 fta per min. After 
processing (to hydrolyze the ozonidela), 0.5 g of crystalline product was obtained. 
This was recrystallized from toluene, to yield 0.33 g of tetra-O-acetyl-D-arabinonic 
acid as fine, white needles, m.p. 132.5-133.5~, [a]~ -l-32.9” (c 5, CHCIa); lit.24 m-p. 
135-136”, [aIn +32.5O; and for the L-isome+“, m-p. 135-135.5”. [~]n -32O. 

Hydration of II-AC 

A solution of 0.50 g of II-AC in 5 ml of acetic acid was added to IO ml of acetic 
acid containing about 0.1 g of catalyst (HgO, BFa.EtaO, C~ZJCCO~H)~~. The clear 
mixture was warmed at 4o-50” for 3 h, and then diluted with 25 ml of chloroform. 
The solution was washed with water, sodium hydrogen carbonate solution, and water, 
dried (Drierite), and evaporated, giving a light-yellow oil which crystallized, m-p. 
75-7g”_ The product was recrystallized from absolute ethanol by the addition of 
hexane, and then from isopropyl ether, after filtration through Norit. The sandy, 
white crystals of I-deoxy-keto-D-fructose tetraacetate had m.p. 80.5-82.5O, [aIn 
i-56.4“ (c II, CHCla); yield 0.35 g (63%). 

Wolfrom26 et al. synthesized this compound, m-p, SI-83”, [o(]D f56” (c 3, 
CHCla), from D-arabinonaldehyde tetraacetate plus diazomethane, and also by 
reduction of the diazo ketone formed from tetra-O-acetyl-D-arabinonoyl chloride 
and diazomethane. 

Hydrogenation of II-AC to D-&X0-1,2,3&hexaneietro~ tetraacetate 

A solution of 0-50 g of II-AC in IO ml of absolute alcohol was hydrogenated 
at 25O in a Parr apparatus with hydrogen in the presence of 0.05 g of IO% palladium- 
on-charcoal catalyst_ The hydrogen consumed during 40 min was 97% of the theor- 
etical. After removal of catalyst and solvent, the residue was crystallized from 25% 
alcohol; yield of white crystals, 0.42 g. The m-p. was about 63-65” when the sample 
was heated rapidly. The melt resolidified when held at 70~ for about 15 min, and the 
new crystals melted at 75-76.5O. After being melted at the higher temperature, the 
product was quickly cooled; it again showed m.p. about 63-65”. This materia1 was 
reconverted into the higher-melting form, as before. The substance is dimorphic. 
If the sample is heated very slowly (about 0.5” per min.), it melts at the higher temper- 
ature without noticeable change between 60 and 70~. 

Anal. Calc. for CraH2208: C, 52.84; H, 6.97. Found: C, 53.12; H, 6.66. 

DeacetyIation of II-AC 
Two g of II-AC was dissolved in 20 ml of methanol containing about 20% of 

ammonia, and kept at 25” overnight. Solvent was removed under diminished pressure 
and the residual oil was extracted twice with 20-ml portions of warm ethyl acetate 
(to remove acetamide). The crystalline residue was recrystallized from 20 ml of 
absolute ethanol, giving 0.81 g (87% of theory) of white needles, m.p. 134-135’. 
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A Sample, recrystallized from ethanol, melted at 134_5--135_5”, [CC]D --Io.I” (c 7, 
water). Very small quantities of II could be recrystallized efficiently from ethyl 
acetate. 

Anal. Calc. for CsH1004: C, 49.30; H, 6.89. Found: C, 49.36, 49.40; H, 6.99, 

6-74- 

Acetylation of II 

A mixture of 0.50 g of II, 5 ml of pyridine, and 5 ml of acetic anhydride was 
heated at IOOO for 2 h, the solution turning light-orange in color. Removal of solvents, 
and crystallization from 50% aqueous alcohol, gave o-81 g of white crystals, m-p. 

64-66”; mixture m.p. with II-AC, 64-66”. 

Hydrogenation of Ii 
D-lyso-5-Hexyne-1,2,3,4-tetrol (97 mg) was dissolved in IO ml of absolute 

alcohol, and reduced at 27’ with hydrogen, using 0.05 g of platinum oxide as catalyst_ 
The quantity of hydrogen consumed was 96% of the theoretical. The catalyst was 
filtered off and the solution was evaporated to about 3 ml. Cooling and scratching 
the walls induced crystallization; then, 3 ml of ethyl acetate and 5 ml of isopropyl 
ether were added, the solution was cooled at o” for one h, and the crystals were 
collected; yield, 60 mg; m-p. 121-122.5~; [CC]D j-6.8 f2O (c 4, water). Karrer and 
Davisla reported, for D-lyxa-1,2,3,4_hexanetetrol, m-p. 122~ and [Q]D +4.2O. 

Acety/ation of D-lyxo-I ,2,3&exanetetroZ 

The hexanetetrol prepared in the preceding experiment was warmed, on a 
steam bath, with 0.5 ml of acetic anhydride and 0.5 ml of pyridine. The solvents were 
evaporated, and the crystalline residue was recrystallized from 2 ml of aqueous 
alcohol (I:I). The white crystals obtained melted at 65-67O. When held at about 
7o-72” for 30 min, it resolidified and then ‘melted at 77-7S.5°_ This melting-point 
behavior is the same as that of the substance prepared by the catalytic reduction of 
D-lyso-5-hexyne-r ,2,3,4-tetrol tetraacetate. A mixture of the two products showed 
the same sort of melting-point behavior_ 

Attempted oxidatire coupling of 11 
The method used was essentially that of Armitagel*. An aqueous solution of 

II (0.20 g) was added to the copper(I) chloride solution (in concentrated HCl, buffered 
to pH 6.5 with NH40H); a green precipitate formed. At first, the vigorously stirred 
suspension took up oxygen rapidly, then at the rate of 0.4 ml per h after 4 h, and 
finally, at 0.05 ml per h after 22 h. Processing, which included acetylation, yielded 
o-37 g of II-AC (theory, 0.42 g), m-p. and mixture m-p. 64-66”. No other product 
was observed. 

Non-reaction of 11 with sodamide 
A solution of II-AC (50 mg) in liquid ammonia containing about 170 mg of 
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sodamide, under a slight pressure of nitrogen to exclude moisture, was maintained 
at -78” for one h. Ammonium chloride (250 mg) was added, the ammonia was 
evaporated, and 20 ml of water was added. The solution was boiled for 5 min, cooled, 
and passed through a column of Amberlite IR-120 (a sulfonic acid, cation-exchange 
resin.) The effluent was evaporated at IOOO to about 5 ml and was then kept in a 
desiccator over sodium hydroxide pellets. The residual 35 mg of white crystals melted 
at r24---12g”; mixture m-p. with II, 125-133~. About 70% of the starting material was 
recovered. 

D-threo-4-Pentyne-x,z,ptrioi triacetate 

A solution of bromine in chloroform was slowly added at o” to a solution of 
9.6 g of D-xylal diacetate, b.p. 67-68”/o.r mm, in 50 ml of chloroform, until the 
brown color persisted_ After evaporation of the chloroform, IOO ml of triethylamine 
was added to the residue and the mixture was refluxed for 3 h. The crystalline triethyl- 
ammonium bromide [4.7 g (54x), m.p. and mixed m-p. 24o-241~1 that separated 
was filtered off, and the filtrate was evaporated_ The residue was dissolved in 50 ml 
of dry ether, and treated during 30 min with 0.75 mole of butyllithium in 400 ml 
of dry ether. The procedure, from this point, was adapted from that given above for 
II-AC. The product was 4 g of clear, yellow oil. Attempts to crystallize it were fruitless; 
hence, the substance was not analyzed for C and H by combustion. The infrared 
spectrum of this oil showed strong bands at 5-70 to 5.80, 7.27, 8.0, 9.40, and 9.60 11, 
and medium bands at 3.03, 3.30. 3.40, 4.65, 6.90, 8.34, 10.25, 10.50, and 13.S ~6. 

One gram of the sirupy triacetate was dissolved in 25 ml of 20% ammonia 
in methanol_ After 16 h at 25’, the solvents were removed, and the cIear, yellow, 
sirupy residue was extracted twice with warm, ro-ml portions of ethyl acetate to 
remove the acetamide. The yellow residue could not be induced to crystallize. 

SmIILIARY 

D-lyso-5-Hexyne-1,2,3,4-tetrol (11) was synthesized by reaction of 3,4,6-tri- 
O-acetyl-z-bromo-D-glucal (I) with butyllithium. Compound I was made from tri- 
U-acetyl-D-glucal cia its dibromo adduct and treatment with triethylamine. The 
cz-D-glzrco form of the dibromo adduct is regarded as being the active participant 
in the dehydrobromination. D-tkreo-4-Pentyne-1,2,3-trio1 was similarly prepared from 
di-O-acetyl-D-xylal. II was acetylated to its tetraacetate (II-AC), and hydrogenated 
to D-ly.uo-I,2,3,4-heXanetetrOl. II-AC was hydrogenated to the hexanetetrol tetra- 
acetate, which exhibited dimorphism. Ozonolysis gave tetra-O-acetyl-D-arabinonic 
acid and thus provides a new general method for preparing fully acetylated aldonic 
acids. The -C=CH part of II-AC was readily hydrated to -COCHs, thus yielding an 
acyclic ketose derivative; but conditions were not found for effecting oxidative 
coupling of the copper(I) acetylide. Saponification of II-AC (to II) was not accom- 
panied by further cleavage of II into acetylene and D-erythrose. Lithium aluminum 
hydride converts 2,3_dibromotetrahydropyran into 3_bromotetrahydropyran, and 
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changes the dichloride of tri-0-acetyl-D-g&al to 1,5-anhydro-z-chloro-z-deoxy- 
D-glucitol (and -mannitol). In the reduction of tetra-0-acetyl-a-D-glucopyranosyl 
bromide to tri-0-acetyl-D-glucal, some samples of zinc dust gave excellent yields, 
whereas other samples failed completely, even in the presence of some favored 
promoters. 
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INTRODUCTION 

A number of procedures have been reported for oxidation of “isolatedyyl 
secondary alcohol groups to ketones in blocked derivatives of sugars. Oxidations 
with oxygen-platinum oxides, and with chromium trioxide-pyridines and related 
procedures*, have been used, but yields are often low. Ruthenium tetroxidesss has 
proved effective with a number of carbohydrates 7~s. The Pfitzner-Moffatt reagent9 
(methyl sulfoxide-l\r,N’-dicyclohexylcarbodiimide-pyridinium phosphate), and methyl 
sulfoxide-phosphorus pentaoxidela, are also effective with carbohydrateslr, but 
isolation of the product may present difficulties, especially if the product is sensitive 
to aqueous acid. As part of a program in this laboratory on the synthesis of certain 
deoxy, branched-chain, and amino sugars, especially +amino+deoxy sugar9, we 
have evaluated a number of oxidation procedures with regard to effectiveness, 
convenience, and cost of reagents. Methyl sulfoxide-acetic anhydride, an oxidant used 
in the steroid fieldla, is shown to be effective with carbohydrate derivativeslsa, and 
it has the particular advantage, for a product that is water-sensitive, that all reagents 

I R=H 

II: R=Ac 

III R=O PT R=H IIZLU 

m. R=N-OH PII R=Ac 

can be removed after the oxidation by simple lyophilization. In the present repor:, the 
methyl sulfoxide-acetic anhydride procedure is compared with a number of other 
oxidation procedures for the synthesis of I,6-anhydro-2,3-O-isopropylidene-/3-D-Zyxo- 
hexopyranos-4-ulose (III), and for oxidation of 2,3:5,6-di-0-isopropylidene-D- 
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mannose WI). Lead tetraacetate-pyridine 14 did not prove to be a useful oxidant for 
these conversions. 

Treatment of r,6-anhydro-2,3-U-isopropylidene-B-D-mannopyranose’5 (I) with 
methyl sulfoxide-acetic anhydride for 3-4 days at room temperature, with subsequent 
Iyophilization, gave the ketone III, isolated crystalline in 77% yield. Oxidation of I 
with ruthenium tetroxide in carbon tetrachlorides-7 gave crystalline III in over 90% 
yield. However, oxidation of I with the Pfitmer-Moffatt reagents gave a product 
which was difficult to purify, giving III in only low yield. Lead tetraacetate in pyridine14 
had no detectable effect on I under anhydrous conditions; addition of a trace of 
water led to partial conversion into another substance, but the latter proved to be the 
4-acetate (II) of I, instead of the desired ketone III. 

The“isolated” hemiacetal group of 2,3:5,6-di-O-isopropylidene-a-D-manno- 
furanosers (VI) underwent oxidation by methyl sulfoxide-acetic anhydride to give 
2,3:5,6-di-O-isopropylidene-D-manuono-r,4-lactone (VIII) in essentially quantitative 
yield; the product was identical with the substance prepared17 by O-isopropylidenation 
of o-mannono-r,4-lactone or by oxidation of VI with alkaline permanganate, followed 
by lactonization.Oxidation of VI with the Pfitzner-Moffatt reagentsgave VIII, but the 
yield was only 35 %. No oxidation of VI was observed with lead tetraacetate-anhydrous 
pyridine; a trace of added water caused partial transformation into two products - 
apparently, the lactone VIII and the r-acetate (VII) of VI. The acetate VII was indepen- 
dently prepared from VI for comparison. 

Progress of the oxidation reactions was followed, with aliquot samples, by 
observation of the appearance of carbonyl absorption and disappearance of hydroxyl 
absorption in the infrared spectrum_ Thin-layer chromatography was also employed, 
and was particuIarly useful in detecting formation of acetic esters from the starting 
materials. 

The 4-ketone III was characterized by elemental analysis, and by infrared and 
n.m.r_ spectroscopy_ It gave a crystalline oxime IV, which was evidently a mixture 
of the syn and anti isomers, since it gave two closely migrating zones on thin-layer 
chromatograms, and repeated recrystallization did not give a product having a sharp 
melting point or constant specific rotation. Treatment of the 4-ketone III with diazo- 
methane led to methylene insertion into the carbonyl group, to give a crystalline, 
Spiro epoxide V. The latter was characterized by elemental analysis, and by infrared 
and n.m.r. spectral data. The configuration at C-4 in V was not definitively established, 
but steric considerations suggest that the favored product would be the D&I/O isomer, 
and this assignment is supported by the n.m.r. data. 

Details of all n.m.r. spectral measurements, first-order analyses, and assignments, 
are given in the Experimental section. It is noteworthy that, in the ketone III, the 
H-2 and H-3 protons have almost identical chemical shifts, and the spectrum (see 
Fig. I) shows coupling of the H- a and H-3 signals to that of H-I as an AA’X system 
(virtual long-range coupling)r*, with the result that the H-r signal (Z 4.37) is observed 
as a one-proton triplet, and the H-2,H-3 signal fr 5-52) is observed as a two-proton 
doublet. The assignment was confirmed by spin-decoupling experiments. Irradiation 
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at the frequency of the H-r signal caused the signal for H-z,H-3 to collapse to a singlet, 
and irradiation at the frequency of the latter signal caused the H-I signal to collapse 
to a singlet (see Fig. I). 

lbserve 

I I I I , , ,/;: 

2.0 3.0 41) 5.0 6.0 7.0 6.0 9.0 10.0 2 

Fig. I. The n.m.r. spectrum of r,6-anhydro-2,3-O-isopropylidene-8-D-Iy.~o-hexopyranos-4-ulose 
(III) at 60 Mc.p.s. in deuteriochloroform, with spin-decoupling of the H-I and H-2,3 signals. 

The quartet at t 6.13 in the spectrum of III may be assigned to the exe proton 
(H-6) at C-6, and the quartet at t 5.94 to the less-shielded elzdo proton (H-6’) at 
C-6; both protons are coupied to H-5 (ABX system), and the signal for H-5 is observed 
as a multiplet at t 5.40. The projected valence angle between H-6 and H-5 is small 
(~207, that between H-6’ and H-5 is-roe”, and the observed first-order coupling 
COrNantS (&,6 5.2 c.p.s., J&6’ 1.6 C.P.S.) are in agreementIs with these aSSignmentS. 

Complete analyses of the other n.m.r. spectra were not made. The spectra of 
the anhydro sugar derivative I and its 4-acetate II (see Fig. 2 and Experimental) show 
the H-I signal as a broadened, unresolved singlet, presumably because of long-range 
coupling*0 with H-3 (diequatorial protons) in addition to the normal small coupling 
of H-I with H-2. The signal of the e_yo proton (H-6) at C-6 is observed at higher 
field than that of the endo proton (H-6’) in I and II. Comparison of the spectra of 
I, II, and III, and consideration of the anticipated deshielding of H-3 and H-5 in 
III by the carbonyl group at C-4, permitted assignment of the signal near t 5.4 in I 
and II to H-2. Although the H-3, 4, and 5 signals in I were not resolved, acetylation 
of I caused deshielding of H-4, so that, in the spectrum of II, the H-4 signal could be 
observed independently, at t 4.89, as a broad, apparent singlet. 

The nonequivalence of the protons on C-6 in I, II, and III is to be expected, 
because the endo proton is in a magnetic environment different from that of the: e_yo 
proton. In the Spiro epoxide V, a similar nonequivalence might be expected for the 
C-4’ methylene protons if C-4’ were endo (D-manno configuration), because one of 
the protons would be much closer to O-3 than the other. The fact that the signal 

CUI-~O/IJ&W~ Res., z (1966) 25 r-260 



254 D. HORTON, J. S. JEWELL 

for the C-4’ methylene group is observed as a singlet indicates that the two protons 

must be equivalent, or very nearly so, as would be the case if the group were exe 

(D-tale configuration). This evidence, therefore, provides further support for the 

mtalo configuration, and degradative studies are in progress for definitive confimation. 

I I I I 
4.0 5.0 6.0 7.0 ‘r 

Fig. z. The low-field portion of the n.m.r. spectra of r,6-anhydro-2,x-O-isopropylidene-@- 
mannopyranose (I) and 4-O-acetyl-r,6-anhydro-a,3-O-isopropylidene-~-D-mannopyranose (2) at 
60 Mc.p.s. in deuteriochloroform. 

The n.m.r. spectrum of the oxime IV showed a low-field signal, t 0.52, which 

disappeared on deuteration, as anticipated for the oxime structure. Reduction of 

this oxime provides a high-yielding route to 4-amino-4-deoxy sugar derivative+. 

EXPERIMENTAL 

General methods 
Solutions were evaporated below 40~ under diminished pressure. Melting 

points were determined with a Thomas-Hoover melting point apparatus (Arthur H. 

Thomas Co., Philadelphia, Pennsylvania), and are uncorrected. Specific rotations 
were determined in a a-dm polarimeter tube. Infrared spectra were measured with 

a Perkin-Elmer Model 137 “Infracord” infrared spectrometer_ Ultraviolet spectra 
were measured with a Bausch and Lomb “Spectronic 505” spectrometer_ Nuclear 

magnetic resonance spectra were measured at 60 Mc.p.s. with a Varian A-60 n.m.r. 
spectrometer; spin-decoupling experiments were performed with a Varian HR-60 

n.m.r. spectrometer by the field-sweep, double-sideband technique, with a Varian 
integrator. Chemical shifts are given on the t-scale, and, unless otherwise stated, all 
spectra were measured at ca 30” with solutions (ca 10%) in deuteriochloroform, with 

tetramethylsilane (z 10.00) as the internal standard. Spectra were analyzed on a 

first-order basis. Wa denotes the width at half-height. Microanalyses were determined 
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by W. N. Rond. X-Ray powder diffraction data give interplanar spacings, A, for 
CuK, radiation. Relative intensities were estimated visually: s, strong; m, moderate; 
w, weak; v, very. The strongest lines are numbered (I, strongest), and double numbers 
indicate approximately equal intensities. Thin-layer chromatography was performed 
with Desaga equipment, with Silica Gel G (E. Merck, Darmstadt, Germany), activated 
at IIOO, as the adsorbent. Unless otherwise stated, the adsorbent thickness was 0.25 
mm, and the developing solvent was 3:1 chloroform-ether. Indication was effected 
with acid moiybdate’” or with sulfuric acid. 

Preparation of r,d-anllydro-2,3-O-isopropylidene-8_D-mannopyranose (Z) 
Ivory-nut mannan shavings (Pfanstiehl Laboratories, Waukegan, Illinois) were 

pyrolyzed, and the pyrolyzate was treated with acetone according to the procedure 
of Hudson and co-workersl5, except that crystallization and recrystallization were 
effected from butyl alcohol; the product had m.p. 16o-161”, [a]% -57 i 2O (c 2.1, 
water) pit.l” m.p. 161-162~. [E]% -58.8” (c 2.08, water)]; RF 0.33; ;i-E 2.90 (OH), 
7-30 ,u (CMen); n_m.r_ data: z S-67, 8.46 &proton singiets, CMez), z 7.25 (r-proton 
broadened singlet, disappears on deuteration, OH), T 6.20 (r-proton quartet, J6,6* 
13.7 c.p.s_, J5,6 7.5 c_p.s., H-6), t 5.96 (x-proton quartet, J6,s’ 13-7 c.p.s., Js,s* 1-3 c.p.s., 
H-6’), r 5.69-6.08 (3-proton multiplet, H-3,4,5), t 5.48 (I -proton broadened doublet, 
Jz,~ 6.0 c-p-s., H-2), t 4.64 (r-proton broadened singlet, Wh 5.5 c.p.s., H-I); X-ray 
powder diffraction data: 9.82 w, 7.03 vs (I), 5.75 m, 5.20 VW, 4.67 vs (2), 4.22 s (3), 
3.97 w, 3.55 m, 3.35 s (4), 3.22 VW, 3.03 m, 2.90 w, 2.73 m, 2.64 w, 2.57 m, 2.46 w, 
2.37 m, 2.32 m, 2.25 m. 

Preparation of 4-O-acetyl-~,6-anl~ydro-2,3-O-isopropyZide~~e-8_D-mannopyranose (ZZ) 

Acetylation of I according to the procedure of Hudson and co-workers15 gave 
II, m-p. 99-IOI”, [c&? -70 t 2O (c 0.5, chloroform) flit.15m.p. 1o1-1o2~, [c&? -72.2O 
(c 1.6, chloroform)]; RF 0.48; 2% 5.81 (OAc), 7-30 ~1 (CMee); n.m.r. data: T 8.66, 
8.45 O-proton singlets, CMez), t 7.85 (3-proton singlet, OAc), t 6.15 (I -proton 
quartet, &,S’ 13.5 C.p.s., &,fj 7.0 C.p.s., H-6), T Ca. 5.85 (3-proton n?uItipIet, H-3,5,6’), 
T 5-40 (r-proton broadened doublet, Jz,3 6 c.p.s., H-2), t 4.94 (I-proton broadened 
singlet, Wh 2.8 c.p.s., H-4), t 4-55 (I-proton broadened singlet, Wh 5.5 c.p_s., H-I); 
X-ray powder diffraction data: 9.00 m, 6.88 s (3), 6.28 m, 5.54 vs (I), 5.16 s (3), 

4-93 VW, 4.53 m, 4.35 lv, 3-87 s (2), 3.60 vf, 3-52 m, 3.43 vlv, 3.30 m. 

r,6-AnIlydro-2,3-O-isopropylinene-8-D-lye (ZZZ) 

(a) Oxidation of I with methyl sulfoxide-acetic atzlrydride. To a mixture of 
dried methyl sulfoxide (40 ml) and acetic anhydride (2 ml) was added I (200 mg), 

and the mixture was stirred under nitrogen for 3-4 days at 30’. The resultant yellow 
solution was lyophilized, and the partially crystalline residue was dissolved in carbon 
tetrachloride. Addition of petroleum ether (b.p. 3o-60”), foflowed by refrigeration, 
gave the ketone ITT as needles; yield 152 mg (77x), m.p. 82.5-83.0”; [LX]% -76 & IO 

(c I, chloroform); RF o-34; Az 5.68 (C=O), 7.30~ (CMez); i.c$a?3300 m,u (& 50), no 
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absorption in aqueous solution over the range 25o-500 rnp; n.m.r. data (See Fig. I): 
T 8.65, 8.49 O-proton singlets, CMee), t 6.13 (r-proton quartet, Jw 8.2 c.P.s., 
A,6 5.2 C-p.%, H-6), t 5.94 (I-proton quartet, c&,6* 8.2 C.p.S., Js,~' 1.6 C.p.s., H-6’), 
t 5.52 (2-proton doublet, J2.2 c.p.s., H-2,3), t 5.40 (I-proton multiplet, width between 
outer peaks-7 c.p.s., H-5), t 4-37 (r-proton triplet, J 2.2 c.p.s., H-I); X-ray powder 
diffraction data: 8.59 w, 7.56 vs (2), 6.03 w, 5.61 w, 5.44 s (3), 4.98 m, 4.80 vs (I), 

4.60 m, 4.40 VW, 4.23 s (4), 3-97 m, 3.82 m, 3.59 m. 
Anal. Calc. for cSHl205: C, 54.00; H, 6.04. Found: C, 54.07; H, 6.10. 
The substance was readily soluble in water, the lower alcohols, acetone, ether, 

chloroform, benzene, and carbon tetrachloride, and moderately soluble in petroleum 
ether (b.p. 3o-60”). It sublimed readily at 40’/0.2 mm. It was stable on storage in a 
tightly closed container, but liquefied on prolonged exposure to air. The specific 
rotation, measured in alcohol-free chloroform, did not change with time, but addition 
of a few drops of ethanol to the solution caused the specific rotation to decrease to 
[c$$ -51 f IO after 2 h. On thin-layer chromatograms, with the molybdate detecting- 
reagent z2, the substance gave an intense, dark-blue zone after I min at 13oO, whereas 
the precursor (I) gave a pale-blue zone after 8 min at 130”. 

(b) Oxidation of I with ruthenium tetroxide. To a solution of I (1.00 g) in 
carbon tetrachloride (250 ml) was added a solution of ruthenium tetroxide in carbon 
tetrachloride (450 ml). The latter had been prepared6 by stirring ruthenium dioxide 
(Engelhard Industries, Inc., Newark, New Jersey) (2.4 g) in 5% aqueous sodium 
periodate (too ml), followed by extraction of the solution with three 150~ml portions 
of carbon tetrachloride. The mixed solutions were stirred for 2 h at room temperature, 
the black precipitate of ruthenium dioxide was removed by filtration, the green titrate 
was stirred a further 30 min and refiltered, and the colorless filtrate was evaporated at 
25-30~ to give the ketone IIT as a white solid; yield 0.87 g (88%); m-p. 82.5-83.0”. 
This product was analytically pure without recrystallization, was free from starting 
material, and was identical, in all physical characteristics examined, with the product 
prepared by method (a). 

In ten preparations, under the above conditions, the yields of III were in the 

range of 85-92x. 
(c) Oxidation of I with methyl sulfoxide-N,N’-dicyctohexyIcarbodiimide- 

pyridiniztm phosphate. Treatment of I with methyl sulfoxide-N,N’-dicyclohexyl- 
carbodiimide-pyridinium phosphate (under the general conditions of Pfitzner and 
Moffatts) during 18 h at room temperature, followed by lyophilization and extraction 
of the residue with carbon tetrachloride, gave a solution of the ketone III. The ketone 
was obtained crystalline from the solution in IO-20% yield, but most of the product 
was obtained as a gum which was free from I, but which contained N,N’-dicyclo- 
hexylurea in addition to III, and was difficult to resolve. 

Treatment of r,6-anllydro-2,3-O-isopropyIidene-B_D-mannopyranose (I) with lead 
tetraacetate in pyridine 

To a solution of I (I .oo g) in anhydrous pyridine (20 ml) was added-5 g of lead 
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tetraacetate (G. Frederick Smith Co., Columbus, Ohio). After I week at room 
temperature, or 3 days at - 60°, recovery of starting material was almost quantitative 
when the solution was poured into water and the mixture was extracted with ether. 
However, when the original solution of I in pyridine with lead tetraacetate was treated 
with I drop of water, a bright-red color developed. After 8 h at room temperature, by 
which time the solution was pale yellow, the reaction mixture was added to ice and 
water (25 ml) and the mixture was extracted with three 25-ml portions of dichloro- 
methane. The dried (magnesium sulfate) solution was evaporated to a syrup which 
showed infrared absorption at 5.81 !J, but not at 5.68 y. This syrup, which was shown by 
t.1.c. to contain components of RF 0.48 and 0.33, was resolved on IO chromatoplates 
(20 x 20 mm, with r-25-mm coating) to give the component of RF 0.33 as needles 
(from chloroform), yield 723 mg (72%), m-p. 159-160°, identical with the starting 
material (I), and the component of RF 0.48 as plates (from methanoi), yield 178 mg 
(50x, based on unrecovered starting material), m.p. 99-IOI”, identical by X-ray powder 
diffraction pattern with an authentic sample of 4-0-acetyl-I,6-anhydro-2,3-0- 
isopropylidene-B-D-mannopyranose (II). 

r,d-Anfzydro-r,~-O-isopropyZi~ene-~-D-lyxo-fze_~opyr~~os-~-uiose oxinre (IV) 

To a solution of hydroxylamine hydrochloride (2.0 g) in methanol (50 ml) were 
added water (0.15 ml), potassium hydrogen carbonate (2.5 g), and the ketone III 
(820 II&. The mixture was refluxed on a steam bath for 15 min, and evaporated, and 
the residue was extracted with dichloromethane (IOO ml). The extract was evaporated 
to a syrup which, on t.l.c., showed two components, of RF 0.82 and 0.74, in approxi- 
mately 4:3 ratio. Addition of carbon tetrachloride to the syrup gave a solution which, 
on refrigeration, gave a solid product; yield 494 mg (56x), m.p, 119-123~; ~~!?~ 
3.19 (OH), 7.25 (CMee); n.m.r. data: t S-448.62 (3-proton singlets, CMez), t 4.24-4.82, 
5.08-5.45, 5.73-6.31 (multiplets, 6 protons, H-1,2,3,5,6,6’), z 0.52 (r-proton broad 
singlet, disappears on deuteration, OH). 

Anal. Calc. for CsHIsNOs: C, 50.2 I ; H, 6.09 ; N, 6.5 I. Found: C, 50.49 ; H, 6.25 ; 

N, 6.53. 
The product was crystalline by X-ray powder diffraction pattern, and showed no 

carbonyl absorption at 5.68 ,LL inthe infrared region. Repeated isolation of the substance 
from carbon tetrachloride solution gave solid products having specific rotations in 
the range of [a12g -60 to -71~ (c I, chloroform) and melting points within the range 
of I IO-I 19”, but isolation of a product giving a single zone on t.1.c. was not achieved. 

~,~~,~‘-Dianl2ydro-~-C-(hydrozcy,22ethyl)-2,~-O-isopropylidene-~-D-talopyranose 
(-ntannopyranose) (V) 

To a solution of III (350 mg) in 200 ml of ether at 0“ was added an excess of 
diazomethane in ether. The solution was stirred for 2 h at o”, and was then kept for 
18 h at room temperature. Evaporation gave a syrup which crystallized from ether 
to give the epoxide V, yield 153 mg (46%), m.p. 132-135O, [L-Z]]“! -74 f 2O (C 2.3, 
chloroform); RF 0.88; AEz 7.29 (CMe& II-75 (epoxide)ss, 13.68 ,LL (CHZ rock)es; 
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zone of RF o-73 was chromatographically indistinguishable from I-0-acetyl-2,3:5,6- 
di-O-isopropylidene-ar-D-mannopyranose (VII) (see below). 

I-O-AcetyZ-2,3:5,6-di-O-isopropylidene-a-D-mannofuranose (VU) 

To a solution of VI (LOO g) in 5 ml of anhydrous pyridine was added acetic 
anhydride (3 ml). The solution was kept for 18 h at room temperature, and was poured 
into ice and water (50 ml). The mixture was extracted with dichloromethane (300 ml), 
and the extract was washed with water, dried (magnesium sulfate), evaporated, and 
distilled at 0.04 mm: to give VII as a chromatographically homogeneous, viscous oil; 
yield 0.69 g (60x), b.p.o.04 1p-I42~, [oL]‘% + 45 i ID CC 2.7, chloroform); RF 0.73; 
2%: 5.80 (OAc), 7.25 p (CMez); n.m.r. data: T 8.67, 8.63, 8.52 (3-, 3-, and 6proton 
singlets, respectively, CMez), t 7.95 (3-proton singlet, OAc), t 5.02-6.18 (multiplets, 
6 protons, H-2,3,4,5,6,6’), T 3.88 (r-proton singlet, H-r). 

Anal. Calc. for ClgH220~: C, 55.58; H, 7.33. Found: C, 55.19; H, 7.69. 
The starting material VI gave the following n.m.r. data: T 8.68, 8.60, 8.53 

(3-, 3-, and 6-proton singlets, respectively, CMez), t 5.08-6.05 (multiplets, 7 protons, 
H-2,3,4,5,6,6’, OH), f 4.43 (I-proton singlet, H-I). 
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SUImfARY 

Methyl sulfoxide-acetic anhydride is shown to be an effective reagent for the 
oxidation of an “isolated” secondary alcohol group in a carbohydrate derivative 
to the corresponding ketone; the reagents are removed by lyophilization to give the 
product in high yield. The procedure is compared with oxidations employing ruthe- 
nium tetroxide, and methyl sulfoxide-i\‘~-dicyclohexylcarbodiimide-pyridinium 
phosphate(Pfitzner-Moffatt reagent). Oxidation of r,6-anhydro-2,3-O-isopropylidene- 
P-D-mannopyranose (I) gave the 4-ketone (III), which was obtained crystalline in high 
yield and was characterized as the crystalline oxime (IV) and epoxide (V). The methyl 
sulfoxide-acetic anhydride reagent was also effective for conversion of the “isolated” 
herniacetal derivative VI into the lactone VIII. No significant oxidation of I or VI 
could be effected with lead tetraacetate in pyridine. The n.m.r. spectra of a number 
of the products are discussed, and spin-decoupling techniques were applied for analysis 
of the n.m.r. spectrum of the ketone III. 

Curbohydiure Res., z (1966) 251-260 



260 D. HORTON, J. S. JEWELL 

REFERENCES 

I R. S. TIPSON, Adoan. Carboh_&ure Chem., 8 (1953) 107. 
z K. HEYNS AND H. PAULSEN, Aduan. Curbohydrafe Chem., 17 (1962) 169. 
3 J. M. SUGIHARA AND G. U. YUEN, J. Am. Chem. SOL, 7g (1957) 5780; G. U. YUEN AND J. M. 

SUGIHARA, J. Org. Chem., 26 (1961) 1598; M. L. WoLrRohr AND S. HANESSIAN, J- Org. Chem., 
27 (1962) 1800,2107; J. S. BURTON, W. G. OVEREND, AND N. R. WILLIAMS, J. Chem. SOL, (1965) 

3433; J. J. K. NOVAK AND F. SORM, Collection Czech. Chem. Common., 30 (1965) 3303. 
4 0. THEANDER, A&an. Carbohydrate Clrem., 17 (1962) 223; K. OKA AND H. WADA. Yakugakrt 

Zusshi, 83 (1963) Sgo. 
5 L. M. BERKOWITZ AND P. N. RYLANDER, J. Am. Chem. SOL, 80 (1958) 6682: C. DJERASSI AND 

R. R. ANGLE. J. Am. Chem. Sot., 75 (1953) 3838. 
6 H. NAZCATA, Tetrahedron, Ig (1963) Ig5g_ 
7 P. J. BEYNON, P. M. COLLINS, AND W. G. OVEREND, Proc. Chem. Sot., (x964) 342; R. F. NUTT, 

B. AIUSON, F. W. HOLLY, AND E. WALTON, J. Am. Chem. Sot., 87 (1965) 3273. 

8 V. M. PARISH AND J. K. N. JONES, Can. J. Chem., 43 (1965) 3452. 
g K. E. PPITZNER AND J. G. MOFFA~, J. Am. Chem Sot., 85 (1963) 3027. 

IO K. ONODERA, S. HIRANO, AND N. KA~HIMIJRA, J. Am. Chem. Sot., 87 (1965) 4651. 

I I J. R. DYER, W. E. MCGONIGAL, AND K. C. RICE, J.Am. Chem.Soc., 87 (1965) 654; B.R.BAKER 
AND D. H. Buss, J. Org. Chem., 30 (1965) 2304. 2308: D. HORTON, J. B. HUGHES, AND J. M. J. 
TRONCHET, Chem. Commun. (London), (1965) 48 I. 

12 A. E. EL A~HMAWY AND D. HORTON, Carbob.ydrafe Res., I (1965) 164. 
13 J. D. ALBRIGHT AND L. GOLD;MAN, J. Am. Chem. Sot., 87 (x965) 4214. 
13~ (Editorial note). See B. LINDBERG AND K. N. SLESSOR, Carbohydrate Res., I (1966) 492. 
14 R. E. PARTCH, Tetrahedron Letters. 3071 (1965); J. Org. Chem., 30 (1965) 2498. 
15 A. E. KNAUF, R. M. HANN, AND C. S. HUDSON, J. Am. Chem. Sot., 63 (1941) 1447. 
16 K. FREUDENBERG AND R. M. HIXON, Ber., 56 (1923) 21 rg; 0. TH. SCHMIDT, Merhods Cnrbohydrafe 

Chem., 2 (1963) 318. 
17 H. OHLE AND G. BEREND, Ber., 58 (1925) 2;go: E. H. GOODYEAR AND W. N. HA~ORTH, J. Clzem. 

Sot., (1927) 3136. 
18 J. I. MUSHER AND E. J. COREY, Tetrohedrotr, 18 (x962) 791; R. H. BIBLE, JR., Interpretution of 

NMR Spectra, Plenum Press, New York, 1965, p. 92. 
Ig M. KARPLUS, J. Chem. P~J_vs., 30 (1959) II; J. AI~J. Chem. Sot., 85 (1963) 2870; R. U. LEhmux 

AND J. D. STEVENS, Can. J. Chem., 44 (1966) 249. 
20 L. D. HALL AND L. HOUGH, Proc. Chem. Sot., (1962) 382; B. COXON, Tetmhedron, 21 (1965) 3481. 
21 A. K. CHA-IX-ERJEE, D. HORTON. AND J. S. JEWELL, to be published_ 
22 H. EL KHADEM AND S. HANESSIAN, Anal. Chem., 30 (1958) 1965; W. MEYER zu RECKENDORF, 

Tefruhedron, 19 (1963) 2033. 
23 K. NAKANISHI, Infrared Absorption Spectroscopy, Holder&Day, Inc., San Francisco, Calif., 

1962, pp. 20, 36. 
24 R. N. JONFS AND C. SANDORFY, in A. WEISSBERGER (editor), Technique of Organic Chemistry, 

Vol. g, Chemical Applications of Spectroscopy, Interscience Publishers Inc., New York, N.Y., 

1956, P. 455. 

Announcement 

CARBOHYDRATE GROUP 

The inaugural meeting of the Carbohydrate Group will take place on Wednesday, 
September 28th, 1966, at Burlington House, London. The meeting will be devoted to 
a business meeting and to the reading of short papers. Membership of the Group, 

which covers all aspects of carbohydrate chemistry, is open to all. For further details, 
please write to Dr. R.D. Guthrie, The Chemical Laboratory, University of Sussex, 
Falmer, Brighton, marking the envelope “Carbohydrate Group”. 
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OPTICAL ROTATORY DISPERSION OF SUkARS* 
II. RELATIONSHIP TO CONFIGuRAnON AND CONFOR~~ATION OF THE RING FOFWS OF 

~TOHEXOSES AND HIGHER-&BON SUGARS 

IRVING LISTOWSKY**, SASEA ENGLARD, AND GAD AWGAD*** 

Deparimenr of Biochemistry, Albert Einstein College of Medicine, Yeshiva University, New York, 
New York 10461 (U.S. A.) 

Wxeived January xjth, 1966; in revised form, March r6th, 1966) 

INTRODUCTION 

The extensive nuclear magnetic resonances and infrared spectroscopic3 anal- 
yses of sugars in solution have recently been supplemented by optical rotatory 
dispersion studies-l. Thus, sugar derivatives containing various chromophores, such 
as lactoness, C-nitro alcoholss, and free aldehydo groups7, exhibit Cotton effects in 
the spectral region of the absorption bands. Cotton effects have also been observed 
for nucleosides s-10 and nucleotides 1rJ2, but these are in the region of absorption 
of the purine or pyrimidine ring. 

Since the simple sugars in the ring forms contain functional groups that absorb 
only in the far and vacuum ultraviolet regions, relatively few optical rotatory dispersion 
studies of the more common sugars were reported until the recent extensions of the 
spectral range of commercially availabIe spectropolarimeters. 

Anomalous optical rotatory dispersion curves in the far-ultraviolet region have 
been described for a number of sugars 13-15. In a previous report from this labora- 
toryr, a set of rules relating configurations and conformations to rotations in the 
far-ultraviolet region was suggested on the basis of a study of a series of aldopyran- 
oses. The present report represents an extension of these principles to ketoses, 
some higher-carbon sugar analogs of aldo- and keto-pyranosides, and the furanoid 
forms of sugars. 

RESULTS AND DISCUSSION 

The optical rotary dispersion curves of sugars in the various spectral regions 
reflect the diverse structural features of the ring forms. Those portions of the curves 
distant from the region of absorption of asymmetric chromophores are usually plain, 
but become anomalous as the region of absorption is approached. It was suggested1 

*This investigation was supported by Grants GM-04428, GM-10878, and GM-1r5g7-or from the 
National Institutes of Health, United States Public Health Service, and Grant GB-2536 from the 
National Science Foundation. For previous papers in this series, see Reference I. 
**public Health Service Postdoctoral Fellow (5-F2-CA-Ig,g58), National Cancer Institute. 
***Department of Biolo8ical Chemistry, The Hebrew University of Jerusalem, Jerusalem, Israel. 
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that the optical rotatory data in the 200~m,~ spectral region may be interpreted in 
terms of the stereochemistry of individual asymmetric centers of the pyranoid ring. 
A sharp transition in the direction of rotation (suggesting the first peak of a Cotton 
effect) was observed for many sugars at wavelengths below 210 rnp. Evidence was 
presented, however, that these breaks in the dispersion curves are a consequence of 
the comKmed rotational contributions of the individual asymmetric configurations. 
Therefore, in these cases, the observed transition in the direction of rotation was 
not the first peak of a Cotton effect, but represented an approach to a Cotton effect 
which has its peak at wavelengths below 185 mp. 

The ring oxygen atom, which has its absorption maximumI below 180 m,.%, 
was considered to be the chromophore having the greatest effect on the shape of the 
curves in the zoo-rnp spectral region. Other chromophores present, such as the 
hydroxyl group, have their main absorption peaks in regions well below this wave- 
length. The contribution to the total rotation near 200 rnp by each asymmetric carbon 
atom is determined primarily by the stereochemical relationship of that atom to the 
oxygen atom of the.ring. In addition, the sign of the first peak of the Cotton effect, 
which develops below 185 m,u, would be determined primarily by the configuration 
about the two carbon atom*s adjacent to the ring oxygen atom. 

On the basis of these considerations, the direction of the rotations in the 
far-ultraviolet region could be related to individual features of the carbohydrates. 
The contributions to the direction of the rotation near 200 m,~ by substituents in 
various spatial alignments on the D-aldohexopyranoid ring are summarized in Fig. I. 

(See also, Table I in Ref. I). In this representation, axial components to the left of 
the ring oxygen atom contribute to the rotation in the positive direction, and those to 
the right contribute in the negative direction. Equatorial substituents at each carbon 
atom generally contribute in the direction opposite to that of their axial counterparts. 

I I A I 
a(+) CHzOH (+) 

I 
A, 

Cf CONFORMATION IC CONFORMATION 

Fig. I. CI and rG conformations of the D-aldohexopyranoses. Solid and dashed bonds in projections 
denote axial and equatorial positions, respectively. (t) or (-) represents the contribution of the 
indicated group to the direction of the optical rotations in the far-ultraviolet region. An asterisk 
indicates that a positive or negative directional contribution of the group depends on the presence 
or absence of an axial hydroxyl group on C-4. 

These contributions are, however, not necessarily of the same sign in other spectral 
regionsl. A similar approach was considered in analyzing the optical rotary dispersion 
curves of the sugars discussed in the present communication. 
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The ketoses 
The rules for the direction of rotations in the far-ultraviolet region for keto- 

pyrairosides is similar to that for aldopyranosides. Here, C-2 and C-6 are proximal 
to the ring oxygen atom, compared to C-I and C-5 in the aldopyranoid series (see 
Fig. I). The anomeric carbon atom (C-2) of the 2-ketopyranoses has both a hydroxyl 
and a hydroxymethyl substituent. According to predictions based on the instability 
factors of ReeverP, the hydroxymethyl group at C-2 generally assumes an equa- 
torial disposition. 

The optical rotatory dispersion curves for selected ketoses are shown in Figs. 2 

and 3. At mutarotational equilibrium, D-fructose exists as the 8-D anomer preponder- 

Fig. 2. Optical rotatory dispersion curves: - - - 
furanoside; 0, methyl /?-D-fructofuranoside; A, lew 

b-fructose; 
nd 0. inulin. 

, ethyl /I-D-galacto- 

antly in the pyranoid form, and about 20% k the furaaoid formla-20. The IC con- 
formation is most stable for D-fructose, and, therefore, as a first approximation, 
it may be compared to methyl /3-D-arabinopymnoside and methyl a+galactopyrano- 
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side. D-Fructose has lower levorotations than the arabinopyranoside and galacto- 
pyranoside throughout the spectral region studied. In the far-ultraviolet region, a 
very slight shift to the positive direction is evident (see Fig. 2). This is a result of the 

positive rotatory contribution of the equatorial hydroxymethyl group on C-2 of 
D-fructose, as predicted from the rule summarized in Fig. I. 

The rotations of D-sorbose (see Fig. 3) gradually increase in the positive direction 
to about 220 IE,U, at which point a broad transition to the negative direction commences. 

Conformationally, a-D-sorbopyranose is comparable to methyl a-D-xylopyranoside 

3sclo 1 1 1 1 1 1 t I 

! 

3000 - 
I 
: 

Fig. 3. Optical rotary dispersion curves for some ketoses: - - - - , D-manno-heptulose; 
---9 D-glrtco-heptdose; D-galacto-heptulose; - - - - -, 
D-glycero-D-gulo-octulose; - - - - ) D-sorboseI The molar rotations of D-galado-heptulose are 
those obtained experimentally for L-galacto-heptulose with the rotation sign reversed. 

in the Cr conformatiorPaaa, but it has an additional hydroxymethyl group on C-2. 
This hydroxymethyl group contributes to the negative ‘direction of rotation (see 

Fig. r), and accounts for the levorotations of D-sorbose in the far-ultraviolet region, 
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in contrast to the shallow, positive increase in rotations observed with methyl a-D- 
xylopyranosider. 

The D-heptulopyranoses (Fig. 3) have equatorial hydroxymethyl groups on 
both C-2 and C-6. The rotatory contributions of these substituents are, however, not 
necessarily equal and opposite. It has been shown previously1 that the configuration 
of the asymmetric carbon atom adjacent to the carbon atom bearing the hydroxy- 
methyl group (corresponding to C-3 and C-5 in the heptulose series) has a profound 
influence on the rotatory contribution of the hydroxymethyl group. In addition, the 
hydroxyl substituent on C-2 of the heptuloses would also affect the rotatory contri- 
bution of the hydroxymethyl group at this carbon atom. Thus, because of the differ- 
ences in the rotatory contributions of the hydroxymethyl groups on C-z and C-6, 
curves for the individual heptulopyranoses are not necessarily comparable to those 
of the corresponding a-(D or r.J-aldopentopyranoses. 

Optical rotatory dispersion curves for a number of higher-carbon D-keto- 
pyranoses are also shown in Fig. 3. The inflection point and change in rotation toward 
the negative direction at 210 rnp, observed with D-gala&o-heptulose and with D- 

g&em-D-guboctulose, are consistent with the predicted effect of the adjacent, 
axial, C-5 hydroxyl group on the rotatory contribution of the hydroxymethyl [and 
D-(r,2-dihydroxyethyl)] group at C-6. For these sugars, both the hydroxymethyl 
group at C-2 and the substituent at C-6 contribute in the negative direction in the 
far-ultraviolet region, whereas the axial hydroxyl group at C-2 contributes in the 
positive direction. For D-gaZacto-heptulose, this results in rotations very similar to 
those of a mutarotational equilibrium mixture of cc- and p-D-galactopyranoses. 
Throughout the entire spectral range studied, D-gZycero-D-guZo-octulose has greater 
positive rotations thanD-gulose, which exists preponderantly in the 8-D form(80%)23~s4. 
The effect of replacing the hydroxymethyl group at C-6 by a (r,a-dihydroxyethyl) 
group will be discussed below. 

The hydroxymethyl groups at C-2 and C-6 of D-gZzrco-heptulose are both 
adjacent to an equatorial hydroxyl group, and thus have almost equal but opposite 
rotatory contributions. Accordingly, the optical rotatory dispersion curve of D-gluco- 
heptulose (see Fig. 3) is very similar to that of methyl a-D-xylopyranoside, and is 
distinct from the curve obtained with methyl a-D-glucopyranosidel. The hydroxy- 
methyl groups at C-2 and C-6 of D-nzanno-heptulose are both adjacent to axial hydroxyl 
groups and should have compensatory effects on the rotation. The rotatory dispersion 
curve of D-?ttanno-heptulose should, therefore, be similar to that of methyl cc-~- 

lyxopyranoside. 
The rotatory contributions of various positions on the ketopyranose ring can 

be approximated from an examination of the molar rotation difference curves 
presented in Fig. 4. The rotations of D-gluco-heptulose over the spectral region studied 
were subtracted from those of D-gnZacto-heptulose (curve A, Fig: 4) to evaluate the 
rotatory contribution of the configuration at C-5. The sharp decline toward the 
negative direction near 210 mp is analogous to that in the curves obtained from the 
rotational differences of the methyl D-glucopyranosides and methyl D-galactopyran- 

Ccwbohydrafe Res., z (1966) 261-271 



266 I. LISTOWSKY, S. ENGLARL3, G. AGIGAD 

osidesl. This tendency toward negative rotation below 210 rntc for aldopyranosides 
was considered to result from the interaction of the axial C-4 hydroxyl group with 
the C-5 hydroxymethyl groupl. 

100 

-1001 

-1soc 1 I I I I I I I 
200 gi0 300 350 400 450 500 550 : 61 

A trnpl 
1 

Fig. 4. Molar rotation difference curves. Curve A, D-galacro-heptulose minus D-gkfco-heptulose; 
Curve 8, D-manno-heptdose minus D-gluca-heptulose. . 

The effect of an axial hydroxyl group at C-3 of the ketopyranoses was deter- 
mined by subtracting the rotations of D-g&o-heptulose from those of D-manno- 

heptulose (see curve B, Fig. 4). The difference curve is negative, with an inflection 
point near no m,u and a sharp increase toward the positive direction at lower wave- 
lengths. This curve is similar to that obtained by subtracting the curves for methyl 
a-D-ghrcopyranoside from those for methyl a-D-mannopyranosidel. It is, therefore, 
evident that an axial hydroxyl group at C-3 of the ketopyranoses contributes in a 
direction opposite from that contributed by an axial hydroxyl group at C-5. The 
magnitudes are not equal, however, because of different neighboring substituents at 
C-2 and C-6, respectively. 
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TIIe higher-carbon sugars 

By replacement of the C-5 hydroxymethyl group in the formulas depicted 
in Fig. I by a glycero or erythro group, the structures of the corresponding higher- 
carbon sugars are obtained. The freely rotating (I,2-dihydroxyethyl) or erythro group 
assumes a sterically favored alignment in which the hydrogen atoms at C-5 and C-6 
are tram to each other (see Fig. 5) Thus, unlike the C-5 hydroxymethyl group in the 
aldohexopyranose seried, the alignment of the (IJ2-dihydroxyethyl) group is relatively 

I II 

Fig. 5. Alignment of the glycero substituent of the higher-carbon sugars. Structure I represents 
the preferred alignment of a D-(I,z-dihydroxyethyl) group, and Structure II represents the preferred 
alignment of an L-(I.2-dihydroxyethyl) group. 

independent of the configuration at C-4. If it is assumed that, for the higher-carbon 
sugars studied, the conformations and the percentage distribution of anomeric forms 
at equilibrium do not differ significantly from those of the corresponding hexoses, the 
optical rotatory dispersion curves of the heptoses and octoses may be related to those 
of the corresponding hexoses. 

The curve for D-glycero-L-galacto-heptose (see Fig. 6), although having the 
same inflection point as the curve for L-galactopyranoser, does not show so great 
a tendency toward the positive direction below 205 rnp. The curve for D-erythro-L- 

galacto-octose shows no transition to the positive direction, but continues with a 
shallow, negative slope. Indeed, the curves for other D-glycero-L-heptoses shown in 
Fig. 6 and that for D-gl’cero-L-gluco-heptose, not shown in the Figure ([M]Igs -4x00), 
are all more negative than the curves of the corresponding L-hexoses. Also, the curve 
for D-glycero-D-gz&-heptose is more negative than the curve obtained with D-gulose. 
Thus, for (D or L) sugars, an equatorial D-(I+dihydroxyethyl) group at C-5 contri- 
butes to the negative direction of rotation in the far-ultraviolet region to a greater 
extent than a hydroxymethyl group. It follows from the foregoing considerations that 
an L-(1,2 dihydroxyethyl) group contributes to the positive direction of rotation. 

TZle furanosides 

The assessment of the rotatory contribution of a specific configuration at a 
given carbon atom in the furanoid forms of sugars is not greatly complicated by 
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interactions with neighboring substituents. On the other hand, the furanoid ring in 
many sugarssses-27 has been shown to be nonplanar, and the position and magnitude 
of the deviation from planarity must be known before accurate relationships between 
rotations and overall structure can be inferred. Nevertheless, a rule can be formulated 
for the direction of the rotatory contribution in the 200-m,u spectral region associated 

Fig. 6. Optical rotatory dispersion curves for the higher-carbon sugars: D-gcycero- 
n-gulo-heptose; - - -, D-giycero-L-manno-he?~o~e; - - - -, D-glyceio-bgalacto- 
heptose; - - - -, D-erythro-L-galacto-octose. 

with substituents at carbon atoms adjacent to the furanose ring-oxygen atom. The 
symmetrical representation in Fig. 7 shows the direction of rotational contribution 
of substituents at the indicated positions in the furanoid form of a (D- or L-) aldo- 
or keto-furanose. The similarity of this rule to that devised for pyranoses is evident 
from Fig. 7. Deviations from planarity would slightly affect the magnitude of rotation, 
but not the direction of rotation, in the far-ukaviolet region. 

In accordance with the rule shown in Fig. 7, methyl a-D-fructofuranoside 
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([Ml200 j-3410, ml90 +4850), methyl /?-D-fructofuranoside, inulin, and levan 

(see Fig. z) exhibit rotations which go toward the positive direction in the far-ultra- 
violet region. Since these fructofuranosides have a hydroxymethyl group at C-5 
contributing in the positive direction of rotation, and substituents at C-2 contributing 

t-1 (+I 

0 k3 (+I l-1 

Fig. 7. The furanose ring of sugars: (+) and (-) represent the contribution to the direction of the 
optical rotations in the far-ultraviolet region for a substituent at the indicated positions. 

in both positive and negative directions, their overall rotations are positive. The 
striking similarities in the rotations of the B-D-fructofuranose derivatives (see Fig. 2), 

particularly in the far-ultraviolet region, suggest that there is little conformational 

alteration of the furanose rings in their polymeric forms. 
The curve for ethyl /I-D-galactofuranoside (see Fig. 2) is negative throughout 

the spectral range examined. This circumstance may be attributed to the negative 
rotatory contribution of the (r,z-dihydroxyethyl) substituent at C-4 (see Fig. 7). This 

effect is also evident in the curve obtained for r,6-anhydro-a-D-galactofuranose 
(not shown), where a transition from positive to negative rotation occurs near 210 mp. 

The same negative, rotatory contribution of the (r,a-dihydroxyethyl) substituent at 
C-4 may be predicted for the D-talo-, D-gulo-, and D-ido-furanosides. On the other 
hand, the (r+dihydroxyethyl) substituent at C-4 of the D-gluco-, D-manno-, D-altro-, 
and o-aho-furanosides should have a positive rotatory contribution. 

CONCLUSIONS 

A general rule relating overall structure to optical rotation in the far-ultraviolet 
region, postulated previously for aldopento- and aldohexo-pyranosidesr (see Fig. I), 

has been shown to be applicable to other sugars-in particular, to a number of keto- 
pyranoses, aldoheptopyranoses, and aldo-octopyranoses. A similar rule describes the 
optical rotatory behavior of sugars in the furanoid form (see Fig. 7). The direction 
of rotations in the far-ultraviolet region may also be related to specific configurational 

features of the ring. For both the pyranoid and furanoid forms (as shown in Figs. I 
and 7, with the ring oxygen atom facing the viewer), substituents to the right and 
above the ring, and those to the left and below the ring, contribute to the positive 
direction of rotation. On the other hand, rotatory contributions in the negative 

direction result from substituents that are to the right and below the ring, or to the left 

and above the ring. 

A change in direction of rotation in the spectral region near 210 m,u frequently 

occurs prior to the appearance of the first peak of a Cotton effect at lower wavelengths. 

‘I’his inflection point occurs in instances in which the rotational directions associated 
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with certain portions of the molecule become more prominent, thus influencing the 
direction of the total molecular rotation at these wavelengths. Since the chromophore 
having major influence on the shape of the curve in the zoo-rnp region is a ring oxygen 
atom, the configurations at positions adjacent to this oxygen atom have the greatest 
effect on the direction of rotation. In addition, the configuration at the carbon atom 
adjacent to a hydroxymethyl group has a pronounced effect on the magnitude and 
direction of rotation. Thus, the difference curves between ketopyranoses containing 
axial and equatorial substituents at C-3 and C-5 have shapes similar to those of the 
corresponding curves obtained for aldopyranoses having axial and equatorial substit- 
uents at C-2 and C-4 (see Fig. qj. Because of asymmetric interactions between 
neighboring positions on a ring, it is difficult to evaluate the rotatory contribution 
of a specific configuration at a given carbon atom. In this regard, a study of deoxy 
sugars may prove useful, since certain specific interactions between positions on a 
ring are precluded. Despite inherent difficulties in quantitation of optical rotation 
data, information concerning the structure of a sugar may be derived from an analysis 
of the optical rotatory dispersion iiurves as shown in this study. Clear distinctions 
can be made between sugars ha ing specific configurational and conformational 

$ differences from an analysis of thejklispersion curves in various spectral regions. 
i! 

EXPERIMENTAL 
1; 
ii 

All the higher-carbon sugar+ and r ,&anhydro-cr-D-galactofuranose were gener- 
ous gifts from Dr. N-K. Richtmyer. The methyl B-D-fructofuranoside and bacterial 
levan were prepared by standard jprocedures, and all other sugars were commercial 
samples of high purity. To establish the purity of samples studied, sodium D-line 
rotations were compared to those reported in the literature. 

A Cary model 60 spectropolarimeter was used for the optical rotatory dispersion 
measurements. The experimental conditions were the same as those reported in 
the previous paper of this series 1. The slit widths for these experiments were pro- 
grammed for a resolution of better than ho.75 m,rc throughout the entire spectral 
region. Mutarotations were followed polarimetrically, and the measurements in the 
spectral range between 600 and r85 rnp were made after mutarotational equilibrium 
had been achieved_ 

For most of the sugars, plots of - us & throughout the entire spectral 

region (prior to any transition in direction of rotation) were essentially linear, suggest- 
ing that a single-term Drude equationss was applicable. The 2, values calculated 
from the single-term Dmde equation were near 150 rnp for most of the sugars studied. 
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SUMMARY 

The direction of optical rotatory dispersion curves in the far-ultraviolet spectral 
region has been related to configuration and conformation of the ring forms of 
sugars. Rules have been proposed for the study of ketoses, higher-carbon sugars, 
and furanoid forms of sugars. Agreement has been established with previous treat- 
ments of optical rotatory dispersion data for aldopyranoses. Changes in the direction 
of rotation or inflection points near 210 mp have been observed for some additional 
sugars. These transitions did not represent the first peak of a Cotton effect, but were 
related to specific structural aspects of the ring. Because of neighboring-group inter- 
action, it was not possible to sum, accurately, the rotational contributions of indi- 
vidual configurations on the ring. Nevertheless, it was possible to estimate the 
magnitude and direction of rotations associated with certain configurational align- 
ments. 
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THE ISOLATION OF SOME HEPTOSES, HEPTULOSES, OCTULOSES, AND 
NONULOSES FROM PRIMULA OFFIUNALIS JACQ* 

ROEERTBEGBIE**ANDNELSONK.RICHTMYER 

National Institute of Arthritis arrd Metabolic Diseases, National Institutes of Health, Bethesda, 
ikfaryland zoo14 (U.S.A.) 

(Received February ITth, 1966; in revised form, March 12th, 1966) 

When Nordal and &Seth1 examined an aqueous extract of the dried roots 
of Primula elatior (L.) Hill, they established the presence of sedoheptulose (I; D-alfro- 

heptulose) by isolating the crystalline di-0-benzylidene acetal of sedoheptulosan 
(2,7-anhydro+D-altro-heptulopyranose). This was the first reported occurrence of 
sedoheptulose in a plant outside the family Crassulaceae (except for some concurrent 
studies on photosynthesis by Benson et aL2) since the discovery of that sugar in 
Sedum spectabize Bor. by LaForge and Hudson3 in rgr7. Nordal and &eth obtained 
paper-chromatographic evidence for the presence of a manno-heptulose also. This 
was the first reported occurrence of that sugar since the discovery by LaForge4 of 
D-manno-heptulose (II) in the fruit of the avocado (Perseagratissima Gaertn.) in 1917; 
it was isolated in 1954 by Nordal and Benson5 from avocado leaves. 

Although sedoheptulose is now believed to occur extensively in nature (although 
usually in relatively small amounts), the report of the tiding of tzuo heptuloses in 
a single plant seemed novel enough to warrant the effort to obtain a definitive proof 
of the cotiguration of the second heptulose. Therefore, with the encouragement of 
Professor Nordal, we undertook a large-scale study of the higher-carbon sugars 
in Primula ojj’icinalis Jacq. Before the completion of this study, however, reports 
from some other workers were published. Nordal and co-workers6 detected, by paper 
chromatography, both sedoheptulose and mruulo-heptulose in the capsules of Papaver 
somn@rum L. (opium poppy). Next, Rendig and McComb7 stated that manno- 
heptulose occurs in alfalfa (Medicago sativa L.), and Rendig, McComb, and Hu* 
identified both sedoheptulose and manno-heptulose in the leaf-petiole fraction of 
alfalfa by paper chromatography: the manno-heptulose was also identified by its X-ray 
powder diffraction pattern. Bevenue et aZ.9 obtained evidence, by paper chromato- 
graphy, of the presence of sedoheptulose and manno-heptulose in both the fruit and 
the leaf of the fig tree (E;icus carica L.), and confirmed this finding through the micro- 
scopic identification of a crystalline osazone from each of the isolated sugarslO. Esau 
and Amerinell examined the residual sugars in a grape wine and, after a paper- 

*Presented, in part, before the Division of Carbohydrate Chemistry at the 148th National Meeting 
of the American Chemical Society, Chicago, Illinois, September 6 1964; Abstr. of Papers, p. 26~. 
**Fellow in the Visiting Program of the National Institutes of Health, Jan. 1962 to Dec. 1964. 
Present address: Department of Chemistry, University of Edinburgh (Scotland). 
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chromatographic study, assumed that the two heptuloses present were altro-heptulose 
and manno-heptulose. 

Although it seems highly probable that the sugars identified above by paper 
chromatography and other methods actually are D-altro-heptulose and mmanno- 
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heptulose, there is no positive evidence, either from optical rotations or from mixed 
melting points, that the heptuloses belon, (J to the D series. We have now remedied 
this lack of evidence, in one case at least, by isolating two heptuloses from the roots 
of Primda oficinalis Jacq. and proving, by optical rotations and by mixed melting 
points with authentic samples, that they are, indeed, D-altro-heptulose (sedoheptulose) 
and D-ma?tno-heptulose. 

In addition to these two heptuloses, other C7 sugars have been isolated from 
natural products in recent years. Several aldoheptoses, for example, have been found 
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as components of various bacterial polysaccharides12, and D-gZycero-D-gaZacto- 

heptose has been reported as the tist aldoheptose found in higher plantsrs. Now, by 
fractionation of an aqueous extract of P. oficinalis Jacq., first on a column of cellu- 
lose and then on a column of Dowex 5oW-X8 (Bas+), we have isolated sirupy 
D-gZycero-D-man?ro-heptose (IIl) and crystalline D-gZycero-D-gZuco-heptose (IV) as the 
~9 anomer [m.p. 156-157”; [a]“,” j-17 + +46.2” (in water)*]. Identification of 
these two heptoses was accomplished by conversion into the known14 D-gZycero-a-D- 

manno- and D-gZycero-a-D-gZUco-heptose hexaacetates. Low-temperature acetylation 
of the new crystalline heptose has furnished the previously unknown D-gZycero+D- 

gluco-heptose hexaacetate in crystalline form. 
The isolation of these two heptoses that are so closely related to D-aZtro-heptu- 

lose recalls the isolation, by Ginsburg, O’Brien, and Hallls, of D-glyCerO-D-?mnno- 

heptose from a guanosine pyrophosphate nucleotide found in bakers’ yeast; they 
suggested that there may be a parallelism between the heptoses and hexoses with 
regard to their biosynthesis and incorporation into polysaccharides. 

In addition to the long-known D-mamzo- and D-aZtro-heptuloses, one other has 
recently been reported to occur naturally**, namely, D-raZo-heptulose from the 
avocadorQ. Although crystalline D-laZo-heptulose20 was not isolated, considerable 
evidence was obtained to establish the identity of the sugar. 

We have now isolated crystalline D-allo-heptulose (V) from P. oflcinalis extract, 
and have identified it conclusively by direct comparison with a sample of the synthetic 
sugarss. Another heptulose that we have obtained in crystalline form from the fraction- 
ation of ‘the P. oficinaZi.s extract has been identified as D-altro-3-heptulose (VI) 
through direct comparison with a product obtained from the rearrangement of 
sedoheptulose (I) in boiling pyridine; the structure of that product was based upon 
its reduction with borohydride to D-gZj’cero-D-manno-heptitol (VII) and D-glycero- 

D-altro-heptitol (VIII). This is the first reported isolation of a 3-heptulose from a 
plant source. 

Although compounds III to VI have, at C-4 to C-7, the same cotiguration 
as sedoheptulose (I), and although it is conceivable that they were formed by isomer- 
izations occurring at C-I to C-3 during the course of their isolation,wc do not believe 
them to be artifacts but, rather, that their formation was caused by the action of 
enzymes within the plant itself. 

Two octuloses have recently been discovered in nature, namely, D-glycero- 

*In a personal communication, Professor Donald L. MacDonald, of Oregon State University, has 
informed us that he and Mr. Roger Wang have crystallized this sugar independently; they found 
m.p. rjo-151” (dcc.) and [ale: -i-r8 (5 mir1)-tf47~ (in water). 
**Still other heptuloses have been obtained from plants by deliberately feeding them with precursors. 
McComb and Rendig (Ref. 16) fed L-sorbose to alfalfa shoots, and isoiated r-gulacru-heptulose. 
When Rendig and McComb (Ref. 17) fed o-ribose, they found that D-a/fro-heptulose accumuIated; 
r-arabinose similarly gave L-gluco-heptulose, n-xylose gave D-ido-heptulose, and L-lyxose gave 
r-galacto-heptulose. The same authors (Ref. 18) later showed that each of the four tetroses induces 
an accumulation of a specific heptnlose that could be identified through paper-chromatographic 
examination of the extract of the alfalfa leaves to which the tetroses had been fed. 
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D-manno-octulose in the avocadolsJg=‘l, in Sedumlg, and, probably, in a red winelI; 
and D-glycero-L-galacto-octulose in the avocado13 and, probably, in Sedum22. We 
have now isolated the same two octuloses from the P. oJ%%aZis extr2ct, 2nd have 
identified them by direct comparisons of paper chromatograms, opticai rotations, 
infrared spectra, and crystalline derivatives with those of the octuloses from the 
avocado 2nd with those of the same octuloses previously synthesized in this labora- 
tory13Jlg. Degradations modeled on those employed in their original characterization 
by Charlson and Richtmyerls~21 and by Sephton and Richtmyerls have furnished 
confirmatory evidence for these structures. 

Two nonuloses also have been reported to occur naturally, namely, D-erythro- 
t-gluco-nonulosess and D-erytZzro-L-gaZacto-nonulose 23, both in the avocado, and 
both, probably, in Sedumzz. We have now isolated the same two nonuloses from 
P. o#icirzaZis, and identified them by direct comparisons and by degradations modeled 
on those employed in their original characterization by Sephton and Richtmyer2~*~3_ 

In addition to volemitol (D-glycero-D-manno-heptitol, VII), which was first 
isolated from the roots of Prinzzda species (including P. grazzdzJ¶ora Lam., P. elatior 

Jacq., and P. oj55naZis Jacq.) by Bougault and Allard 24, following its earlier discovery 
in the mushroom Lactarius ~olemus Fr. by Bourquelot”J, we have isolated /I-sedo- 
heptitol (D-gzycero-D-gko-heptitol) from the P. o~cinaZis extract. Although the 
latter heptitol had previously been reported 2s accompanying sedoheptulose in 
Sedum specieslg, this appears to be the first example of two heptitols occurring in the 
same plant. 

Primeverose (6-O-B-D-xylopyranosyl-D-glucose) is the carbohydrate constit- 
uent of a number of naturally occurring phenolic glycosides, including primeverin 
and primulaverin from the fresh roots of Prirzzula oficinalis Jacq.26. We were not 
surprised, therefore, when we found the free sugar in the aqueous extract of the dried 
roots of that plant, even though primeverose has been isolated directly only once 
previously: Wallenfels and Lehmann’T obtained it from ripe carob beans (St. John’s 
bread; Ceratonia siliqzra L.). A portion of rhe primeverose was reduced with boro- 
hydride, to yield the new, crystalline primeveritol, which was characterized further 
2s its crystalline octaacetate. 

The other substances that we isolated from the P. oficiizalis extract 2nd then 
identied were glycerol, erythritol, D-XylOSe, xylitol, and nzyo-inositol. Although 
xylitol had been detected previously2s in the edible mushroom PsaZZiota campestris 

by means of 2 specik enzyme called TPN-xylitol (L-xylulose) dehydrogenase29, we 
believe that this is the first time that xylitol has been isolated in crystalline form from 
a plant source. 

EXPERIMENTAL 

GeneraZ metlzods 
Paper chromatography was carried out with Whatman No. I filter paper by 

the descending method at room temperature. The following solvent systems were 
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used: A, ethyl acetate-acetic acid-formic acid-water (18:3:1:4); B, ethyl acetate- 
pyridine-water (10:4:3); C, the same as A,.except that it contained 0.5% of benzene- 
boronic acidso; and D, butyl alcohol-pyridinc-water (6:4:3). Spray reagents used were 
aniline hydrogen phthalate for aldoses, orcinol-hydrochloric acid for ketoses, alkaline 
hydroxylamine-ferric chloride for lactones, and silver nitrate (ammoniacal, or followed 
by sodium hydroxide in ethanol) or 0.25% sodium periodate in 5% aqueous acetic 
acid followed by 2% p-anisidine in 5% acetic acid for alditoIs, sugars, and other 
polyhydroxy compounds. The values for Anha, Rseti, and RF~U refer to the rate of 
movement of the compounds on paper chromatograms (developed in solvent A, 
unless otherwise noted) relative to that of rhamnose, sedoheptulosan, and fructose. 
AlI concentrations were carried out at temperatures below 5o”, and final drying of 
sirups was effected over granular calcium chloride in uacuo or by lyophilization. 
Unless otherwise specified, melting points were determined on a Kofler micro hot- 
stage, and infrared spectra were measured in Nujol mulls. 

Preparation of the extract 

Twenty kg of the dried roots of Primuia ojicinalis Jacq.* was ground to a fine 

powder and extracted in 500-g batches. Each 500 g was suspended in 8 1 of distilled 
water, 50 g of calcium carbonate was added to neutralize any acidity that might develop, 
and the mixture was digested for 8 h on a steam bath. About 150 g of a filter aid 
(Johns-Manville Celite 535) was stirred into the mixture, which was then filtered 
through a large Biichner funnel precoated with about IOO g of the same filter aid. 
The titration was very slow. The residue on the funnel was extracted a second time 
with 8 1 of water. The combined, dark-colored extracts were deproteinized by dis- 
solving 200 g of zinc sulfate heptahydrate in the solution and adding slowly, with 
mechanical stirring, a saturated aqueous solution of barium hydroxide until the 
main solution was nearly alkaline to phenolphthalein paper. About 150 g of decolor- 
izing carbon (Darco G-60) was stirred into the mixture, and the mixture, after 
being kept for about 2 h to let the precipitated material coagulate and settle, was 
filtered through a large Biichner funnel. The clear, almost colorless filtrate was 
deionized by successive passage through columns of Amberlite IR-12o(Hf) and 
Duolite A-4 (OH-) ion-exchange resins. Unless the aqueous solution was quite dilute 
(volume at least 30 I), a fine, white precipitate formed in the Amberlite column, and 
retarded or even stopped the flow of solution through the resin; the precipitate was 
suspected to be a rather insoluble, acidic substance, but no attempt was made to 
establish its identity. 

When the deproteinized, deionized extracts from ten batches of P. oficinalis 

were combined, and concentrated in cacao to a thick sirup, the volemitol (D-glycero- 
D-manno-heptitol = D-glycero-D-tale-heptitol, VII) crystallized spontaneously. It was 
isolated by redissolving the mixture in hot water, diluting with methanol, cooling, 
and filtering off the prismatic needles. Identification was made through its m.p. of 

*This material was purchased from S.B. Penick & Company, IOO Church Street, New York, N-Y., 

through the special cooperation of Mr. Hans R. Schmidt. 
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154-155” (done, and when mixed with authentic materia131), by comparison of 
infrared spectra, and through the preparation of its heptaacetatesl, having m-p. 
62-63” and [OiJg +36-o” (c 1.3, dichloromethane). The total yield of 344 g from 20 kg 
(1.7%) is comparable to the 1.5 % recorded by Bougault and Allard2*. 

Concentration in t’czcuo of the volemitol titrates yielded 152 g of a sirup whose 
paper-chromatographic examination in solvents A and B indicated the presence of 
at least twelve components, including relatively large proportions of D-glucose, 
D-fructose, and sucrose. These last three were removed by dissolving the sirnp in 
3.2 1 of water, adding 1-25 cakes of bakers’ yeast and 75 g of D-glucose as a primer, 
and allowing the mixture to ferment for 3 days at 37”. Successive deproteinization, 
deionization, and concentration in t’LIcuo yielded 84 g of sirup in which xylose, manno- 

heptulose, sedoheptulose, and primeverose could be tentatively identified through 
their mobilities and color reactions on paper chromatograms. In a separate experiment,’ 
a mixture of D-glucose, D-fructose, D-xylose, D-arabinose, and D-ribose was fermented 
with bakers’ yeast; no higher-carbon aldose or ketose could be detected. Bevenue 
et aZ.3” had similarly fermented pure sucrose, but could detect no formation of 
heptulose. 

Fractionation of the extract on a cellulose column 

A glass tube (IOO x IO cm) was packed with 2 kg of Whatman standard-grade, 
cellulose powder (effective height, 68 cm) and the 84 g of sirupy extract, made into 
a smooth slurry with I 50 g of cellulose powder and 750 ml of quarter-saturated aqueous 
butyl alcohol, was put on top of the cellulose column, by the procedure described 
earlierrs. Elution was begun with quarter-saturated aqueous butyl alcohol, continued 
in a stepwise manner with half- and three-quarter-saturated aqueous butyl alcohol, 
and concluded with fully saturated aqueous butyl alcohol. With the aid of an auto- 
matic fraction-collector, the eluate was distributed among 14,200 tubes, each con- 
taining 21 ml; the contents of these tubes were combined on the basis of their paper- 
chromatographic assays, and concentrated to give 66 fractions. The constituents of 
these fractions, insofar as they have been identified, are reported below. 

GIyceroI 
Fractions g-11 (tubes 331-550; 4.68 g) appeared to contain glycerol (&ti 1.20) 

as the principal constituent. Accordingly, a small portion of the thick, mobile liquid 

of fraction IO was heated with p-nitrobenzoyl chloride and pyridine for 2 h at So-go”, 
and the product isolated; it was identified as glycerol tris-p-nitrobenzoate, m.p. 
rg5-196” (capillary tube) both alone and when mixed with authentic materialas. 
The infrared spectra of the two substances were identical. 

Erythritol 

Fraction 12 (tubes 551-700; 1.04 g) crystallized in part, and furnished 0.78 g 
of stout prisms (&ho 0.96). After one recrystallization from aqueous ethanol, the 
erythritol melted at 12o--122~, both alone and when mixed with authentic material; 
a comparison of the infrared spectra confirmed the identification. 
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2,7-Anhydro-/?-o-altro-hepttdofuranose 

Fraction 13 {tubes 701-885; 0.52 g) yielded 24 mg of stout prisms (Rsed 1.37 
and R~ru 1.23 in solvent D) that melted at Ig5-Ig6”, alone, and at Ig5-Ig7O when 
mixed with authentic anhydro compound 34 of m-p. IgS-200’ (all in capillary tubes)_ 

Identification was confirmed through paper-chromatographic and infrared-spectral 
comparisons. 

CC-D-xyzose 

Fractions 15 and 16 (tubes 1011-1130; 1.02 g) showed strong evidence for 
xylose (RRR~ 0.74) as the only carbohydrate constituent, and prisms of a-D-xylose 
were separated from the sirup and also from fraction 14. After recrystallization from 
aqueous methanol, the compound had m.p. 151-152~ and [a]: i-95” (3 min)-t 
j-20.5” (c 1.5, water), in good agreement with the recorded valuesss of m.p. 153~ 
and [a]2,5 +g6” --f fzo”. A mixture of the compound with authentic z-D-xylose 
melted at 151-153”:. and the infrared spectra of the two samples were identical. 

Subfractionation on Dowex 50 W-X8 (Rae+) resin 

After the initial separation of the Primula oficinalis constituents on a cellulose 
column, some of the fractions were resolved further on a column of Dowex 5oW-X8 
(Bas+) ion-exchange resinss. To this end, the resin (2oo-400 mesh) was converted 
into its barium form by treatment with several portions of aqueous barium chloride 
(barium acetate would probably be better, to avoid possible release of hydrogen 
chloride that might occur later because of incomplete washing), and washed thoroughly 
with water. The resin was poured, as a slurry, into a glass tube (2.5 cm, insidediameter) 
equipped with a needle-valve stopcock and with a plug of polyurethane foam in the 
bottom to retain the resin; after the resin had settled, the effective height of the 
column was 116 cm. The fraction to be investigated was dissolved in the minimum 
amount of water, and the solution was added to the top of the column; after the solution 
had passed into the resin at the top of the column, elution was effected with water at 
a flow rate of 4-8 ml/h, and the eluate was collected automatically in I- to 1.5~ml 
portions. In many cases, these fractions were chromatographically pure. Tubes 
were combined according to their chromatographic behavior, and the solutions were 
treated with small amounts of Amberlite IR-120 and Duolite A-4 ion-exchange resins 
to insure that they would be free from ionic material before being concentrated_ 

XyIitoZ 
Fractions 17-19 (tubes I 131-1370; 3.09 g) showed the presence of three orcinol- 

positive compounds having RF~U 0.88, 0.99, and 1.09 on paper chromatograms. The 
first and third spots corresponded to sedoheptulose and sedoheptulosan, but for the 
complete identification of the intermediate spot we resorted to subfractionation on 
Dowex 5oW-X8 (Ba2+) as described above. During that procedure, an intermediate 
fraction (420 mg) crystallized very slowly from its solution in methanol. The m.p. of 
92-93”. and the chromatographic mobility, su ggested xylitol, and the infrared spec- 
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trum was indistinguishable from that of an authentic sample of xylitol. Upon acetyl- 
ation with acetic anhydride and fused sodium acetate, the compound afforded 
xylitol pentaacetate as hexagonal plates (from aqueous ethanol); the m.p. was 
62-63” alone (as well as when mixed with authentic material), and the infrared spectra 
of the two specimens of pentaacetate were identical. 

D-altro-3-Heptrtlose (VI) 
After the xylitol had been eluted in the subfractionation of fractions 17-19 

on Dowex 5oW-X8 (Ba”+) resin, the next tubes yielded D-altro-3-heptulose M; 
m.p. ca. 165’, [or]z,O ca. -i-zoo). On paper chromatograms sprayed with orcinol- 
hydrochloric acid, it appeared as an orange-brown spot that sometimes faded to a 
grayish-brown color; the isomeric D-manno-3-heptulose has been described by 
Schaffersr as forming a gray-brown spot with the orcinol-trichloroacetic acid spray 
reagent. The infrared spectrum of the compound isolated from fractions 17-19 was 
indistinguishable from that of a compound isolated following the rearrangement of 
sedoheptulose (D-alrro-heptulose) in boiling pyridine; their chromatographic mobil- 
ities were the same, and the m-p. of a mixture of the two substances was not depressed. 
The sodium borohydride reduction of the sample isolated from the latter source 
yielded D-g@cero-D-r?zanno-heptitol (VII) and D-g/ycero-D-altro-heptitol, which were 
identified by comparison of melting points and infrared spectra with those of known 
specimens of these heptitols. Further details of the synthesis and properties of D-ah-o- 

3-heptulose will be included in a later publication. 

D-allo-Heptulose (V) 
The final tubes from the subfractionation of fractions 17-19 on Dowex 5oW-X8 

(Ba2+) resin contained a heptulose that was readily separated from the other constit- 
uents through its relatively high retention-volume. Crystals were obtained by the 
slow evaporation of a solution of the sirupy sugar in methanol. Recrystallization 
from 95% ethyl alcohol yielded long needles whose melting-point behavior (75-80” 
on rapid heating, 90-97” on slow heating, and 128-130~ after being dried at 75O 
in z‘acuo for 24 h) was characteristic of an allo-heptulose hydratessass. The allo- 

heptulose structure received confirmation through paper chromatography and by 
comparison of an infrared spectrum of the hydrate with that of a sample prepared by 
crystallization of authentic, anhydrous D-allo-heptulose* from g5 o/o ethyl alcohol. 
A mixture of the two anhydrous forms showed no depression of the melting point. 
Finally, a phenylosazone was prepared by heating 35 mg of the sirupy heptulose 
(obtained by concentrating the mother liquor from which the crystalline D-allo- 

heptulose had separated) with 0.08 ml of phenylhydrazine and 0.04 ml of glacial 
acetic acid in 1.3 ml of 2-methoxyethanolao for 3 h at 100~. The reaction mixture 
was poured onto ice, and the yellow precipitate was collected on a sintered-glass 
funnel and washed successively with IO% acetic acid and water. After one recrystal- 

*Kindly supplied by Dr. Robert SchaiTer. 
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lization from ethyl alcohol, the yellow needles (24 mg) of D-a&-heptosulose bis(phenyl- 
hydrazone) melted at 164-167O, a value that was not significantly different from that 
of a mixture of this compound and the phenylosazone prepared similarly from authen- 
tic* D-g~yCero-D-~~~~-heptOSe3*. The infrared spectra of the two phenylosazones 
were identical. 

Sedoheptuiose (D-altro-heptulose, I) 

Paper chromatograms indicated that fractions 18-27 contained both sedo- 
heptulose and sedoheptulosan (2,7-anhydro-F-D-&-o-heptulopyranose). To verify 
this conclusion, fraction 23 (tubes 1731-1850; o-89 g) was dissolved in 25 ml of water 
containing 0.4ml of concentrated sulfuric acid, and the mixture was heated for 6 h 

on the steam bath, cooled, neutralized with barium carbonate, and filtered, and the 
filtrate deionized by successive treatments with Amberlite IR-12o(H+) and IR-45(0H-) 
resins, and concentrated to a sir-up. When the sirup was dissolved in a small amount 
of hot methanol, and the solution cooled and inoculated with a seed crystal, 0.62 g 
of the anhydrous mod%cation of sedoheptulosan was obtained. After three recrystal- 
lizations from methanol, the clear, chunky prisms melted at 155-156” both alone and 
when mixed with authentic sedoheptulosan; [a]S!--145” (c I, water); and the infrared 
spectrum was indistinguishable from that of authentic material. For further identi- 
fication, a portion of the crystalline product obtained from fraction 23 was beuzoyl- 
ated, to give a substance having m.p. 164-165~ and [aIs, -185” (c 0.5, dichloro- 
methane), in good agreement with the reported values4r of 165-166” and -188”, 
respectively. A mixture with authentic sedoheptulosan tetrabenzoate melted at 
164-165”. 

D-manno-Heptulose (II) 
Fraction 28 (tubes 2331-2570; 0.72 g) deposited chunky prisms of D-MXVZO- 

heptulose from its concentrated solution in methanol. -The sugar had m.p. 152-1~3" 

alone, as well as when mixed with authentic material; its rotation, [o(]s! +2g0 
(c I, water), agreed with the reported rotation; and infrared spectra of the two 
specimens were identical. The identity was confirmed by treating the mother liquor 
(from which the crystals had been separated) with a mixture of phenylhydrazine and 
I-benzyl-I-phenylhydrazine according to the directions of White and Secor4s. The 
resulting D-nzanno-heptosulose I-(2-benzyl-2-phenylhydrazone) 2-phenylhydrazone, 
after two recrystallizations from absolute ethyl alcohol, melted at egg-2oo” when 
heated at a rate of 1.5O/min up to 180” and then at r”/min. A mixture with authentic 

material showed no significant depression of the melting point, and the identity of the 
infrared spectra of the two samples confirmed their identity. Analyses for C, H, and 
N were also confirmatory. 

*Dr. J. W. Pratt had prepared the same phenylosazone from n-glycero-D-allo-heptose, but its de- 
scription had been omitted from the publication (Ref. 38). 

Anal. Calc. for ClsHs4N405: C, 58.75; H, 6.23; N, 14.43. Found: C, 59.00; I-J, 6.15; N, 14.27. 
The infrared spectrum of the phenylosazone prepared by Dr. Pratt was indistiwuishabIe 

from the other two spectra. (N.K.R.) 
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Vofemitol (VII) 
In addition to the 344 g of volemitol that had crystallized before the Primula 

oflcinalis extract was fractionated on cellulose, 8 g crystallized later from fractions 
32-38 (tubes 3171-6300; g-6 g). 

D-glycero-D-manno-Htose (III) 

The subfractionation, on Dowex 5oW-X8 (Ba2’-) resin, of 1.31 g of fractions 
29-33 (tubes 2571-4100; 4.04 g, from which 3.40 g of crystalline volemitol had been 
removed) yielded a middle fraction of 363 mg of sirup that appeared, from paper- 
chromatcgraphic evidence, to contain a heptose, but no heptulose or other ketose. 
Since the product did not crystallize, an 86-mg portion of it was heated with 43 mg 

of fused sodium acetate in 5 ml of acetic anhydride for 5 h at IIOO, and 114 mg of 
crude, sirupy acetate was isolated in the usual way. After decolorization with Darco X, 
and reconcentration, a solution of the sirup in a small amount of 60% aqueous 
methanol began to deposit crystals after standing at o” for 2 weeks. After one recrystal- 
lization from aqueous methanol, the prisms were identified as D-glycero-a-D-ma?z?to- 
heptose hexaacetate through a melting point of 137-138” alone, and 137-133” when 
mixed with authentic material14 of m.p. 138-139”. The identity of the two hexaacetates 
was confirmed by comparison of their infrared spectra. 

Crystalline D-glycero-/?-D-gluco-heptose 
Fractions 34-36 (tubes 4101-5810; 5.12 g, from which 4.08 g of crystalline 

voIemito1 had been removed) appeared to contain an octulose. To isolate it, the remain- 
ing 916 mg of these fractions was chromatographed on a Dowex 5oW-X8 (Ba2+) 
resin column, as described earlier. Of the 8 subfractions thus obtained, subfractions 
a-4 were richest in octulose; these were combined (530 mg), and rechromatographed 
on a cellulose column (go x 2.2 cm) with 92.5% aqueous acetone as eluent. Of the 
12 new fractions thus obtained, fractions 7 and 8 deposited 43 mg of crysta1.s when 
their concentrated solutions in methanol were kept in a refrigerator for about IO days. 
The compound, after recrystallization from methanol, melted at 156-157’ (unchanged 

after a second recrystallization) and showed [c@! +17” (extrapolated)4 +46.2” 
(6 h, constant; c 2.4, water). Its eventual identification as D-glycero-@-D-&co-heptose 
was based on the evidence that follows. 

Anal. CaIc. for C7H1407: C, 40.00; H, 6.71~ Found: C, 40-15; H, 6.87. 
On a paper chromatogram sprayed with aniline hydrogen phthalate, the com- 

pound gave the brown color that is characteristic of hexoses and higher aldoses; its 

mobility was less than that of any of the hexoses. When oxidized with 1.25 molecular 
equivalents of lead tetraacetate*, a paper chromatogram showed ribose as the only 

*Perlin and Brice (Ref. 43) used 2 molecular equivalents of oxidant. We used less than that, in an 
attempt to identify, also, the hexose that should be an intermediate in the degradation. Failure to 
obtain any chromatographic evidence for such an intermediate here, and in other oxidations to he 
described later, may be the result of a very rapid oxidation of the intermediate, together with the use 
of too small an amount of snbstrate. 
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degradation product. For acetylation, 25 mg of sirupy heptose (recovered from 
measurements of optical rotation) was dissolved in 5 ml of acetic anhydride containing 
7 mg of freshly fused zinc chloride, and the mixture was kept for 6 h at room temper- 
ature_ The product, isolated in the usual way, was identified as D-gZyCerO-z-D-gZZicO- 
heptose hexaacetate through (a) its m-p. 18o-182~, alone as well as when mixed with 
authentic materialr4, (b) its rotation [a] 2: frosO (c I, dichIoromethane), and (c) a 
comparison of infrared spectra. Finally, deacetylation of a sample of authentic 
or-hexaacetatela with methanolic sodium methoxide yielded crystalline D-gZycero+D- 
glzzco-heptose, indistinguishable in m-p. and infrared spectrum from those of 
the substance isolated from the subfractionations of fractions 34-36 as described 
above. 

D-glyCerO-Z?-D-glUCO-Hf?ptOsf? hexaacetate 
The acetylation of 200 mg of D-gZycero-B-D-gZzlco-heptose at o” with a mixture 

of I ml of acetic anhydride and 1.5 ml of pyridine yielded 405 mg of the corresponding 
/?-hexaacetate. After recrystallization from aqueous ethyl alcohol, and then several 
times from dichloromethane-pentane, the clusters of small prisms of the new hexa- 
acetate melted at 133-134~ and showed [c$?i + 19.6” (c I, chloroform). 

Anal. Calc. for CzsHssOzs: C, 49-35; H, 5.67; CHsCO, 55_9_ Found: C, 49.45: 
II, 5.39; CH3C0, 56.3. 

&SedolreptitoZ (D-glycero-D-gluco-heptitol; L-glycero-D-talo-heptitol) 
As described above, the further separation of fractions 34-36 on Dowex 

5oW-X8 (Ba2+) yielded 8 subfractions. Of these, subfractions 5-7 deposited, on 
standing, 38 mg of a crystalline substance that was identified as /Lsedoheptitol through 
direct comparison (m-p., mixed m-p., paper chromatography, and infrared spectra) 
with an authentic sample of m.p. 129130°, prepared by the reduction of sedoheptulose. 

D-glycero-D-manno-Octulose 
As described above, fractions 34-36 were fractionated on Dowex 5oW-X8 

(Ba2+) resin, and the octulose-rich subfractions 2-4 were rechromatographed on a 
cellulose column. The new fractions 7-8 (from which 43 mg of crystalline D-glycero- 
D-gZzfco-heptose had been removed) and g-11 were combined (288 mg of sirup) and 
dissolved in 14 ml of water, and the remaining aldoheptose was oxidized in the dark 
with 0.3 ml of bromine in the presence of an excess of barium carbonate. After 18 h, 
the excess of bromine was removed by aeration, and the solution was filtered and then 
deionized with a mixture of Amber&e IR-120 (Hf) and IR-45 (OH-) ion-exchange 
resins. Concentration of the solution gave 98 mg of a yellowish situp that contained 
an octulose, contaminated (as determined by paper chromatography) with lactones 
and a small proportion of a hexulose-containing disaccharide. These impurities were 
removed by chromatography on sheets of Whatman 3MM filter paper developed in 
solvent A. In this manner, there was obtained 40 mg of chromatographically 
pure, sirnpy D-glycero-D-manno-octulose having Z&d 0.46 and [cc]: +25.2O (c 2, 
90% aqueous methanol); the latter value is comparable to the value of +26.g” (c-5, 
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methanol) reported previously 13 for the same octulose isolated from the avocado, 

and to the value of +27” (c I, methanol) measured for the same octulose synthe- 
sized by the diazomethane method4”. 

The infrared spectrum of the D-glycero-D-manno-octulose from Prinzzda offi- 
chzalis roots, obtained for a dried film from methanol, was indistinguishable from 
those of the same octulose isolated from two avocado varieties and from Sedum 
species, as well as from the spectrum of the synthetic specimen*“. The (2,5-dicbloro- 
phenyl)hydrazone prepared from this Primula octulose, after recrystallization from 
aqueous methanol as yellowish needles, melted at 171-172~; a mixed melting point 
with the product prepared from the same octulose from the avocado19921 was unde- 
pressed, and the infrared spectra of the two compounds were identical. Degradation 
of this Primzda o&dose with two molecular equivalents of lead tetraacetate, as 
described previously19~21, yielded, as reported, a single pentose whose mobility on 
paper chromatograms (developed in solvents A and B) was the same as that of ribose. 

Finally, by the procedures described previously22a45, 4.7 mg of the sirupy 
D-glycero-D-ntanno-octulose from Primzda ojficinalis roots was converted into a 
mixture of the corresponding methyl octulosides; oxidation with one molecular equiv- 
alent of sodium metaperiodate, followed by reduction of the aldehyde group with 
sodium borohydride and hydrolysis of the methyl glycosides, yielded 2.5 mg of a 
reducing sugar. Its chromatographic mobility in solvents A, B, and C was, as previ- 
ously reported, identical with that of nzmtno-heptulose; and, on a paper chromatogram 
sprayed with orcinol-hydrochloric acid, it gave the characteristic greenish-blue color 
reaction of nzaizno-heptulose instead of the blue color that is given by the other 
heptuloses. 

D-glycero-I_-galacto-Octltlose 
The original fractions 34-36 had been fractionated further on Dowex 5oW-X8 

(Ba2+) resin as described above, and the subfractions 5-7 (after removal of 38 mg of 
crystalline @-sedoheptitol) were then found to contain a second octulose. This sir-up 
(140 mg) was fractionated further, on sheets of Whatman 3MM filter paper developed 
in solvent A, and 13.5 mg of a (chromatographically) practically pure octulose 
(R.Q!~ 0.42) was thus obtained. Its mobility on paper chromatograms developed in 
solvents A, B, and C was the same as that of the known D-giycero-L-galacto-octu- 
losel3=“s, and its infrared spectrum, obtained for a dried film from methanol, was 
very closely similar to that of the previously described octuloselS_ Degradation of 
I.8 mg of this second octulose from Primula roots, with somewhat more than one 
molecular equivalent of lead tetraacetate in glacial acetic acid, furnished xylose as the 
only pentose detectable on a paper chromatogram (solvents A and B). This second 
octulose yielded a (2,5-dichlorophenyl)hydrazone whose melting point of 176-178” 
(unrecrystallized) was not depressed significantly (175-179’) when it was mixed with 
the corresponding derivative of D-gZ’vero-L-galacto-octulose from the avocadol3. 
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D-erythro-L-gluco-NonuIose 
From their behavior on paper chromatograms, fractions 37-41 (tubes 5811- 

7130; 2.39 g) appeared to contain two nonuloses; these were separated relatively 

easily on a column of Dowex 5oW-X8 (Ba s+) resin. The first nonulose was purified 
further by chromatography on a cellulose column, with elution by 92.5% aqueous 
acetone (which removed much non-nonulosic material) followed by methanol. Final 
purification of the 148 mg thus obtained was effected on Whatman 3MM flter paper 
developed with solvent A. The middle zone from this chromatogram yielded 59 mg 

of chromatographically pure D-eryr1rro-L-&co-nonulose. Its rotation of [ala; 

-42.8” (c 1.3, water) is intermediate between the values of -4o_o” for the same 
nonulose isolated from the avocados2 and -47_2O for the synthetic nonuloseass4s. 

The infrared spectrum of this nonuloset obtained for a dried film from methanol, 
was indistinguishable from that of the synthetic D-erythro-L-gluco-nonulose”2. In 
confirmation of earlier findings*“, degradatio n of 13.9 mg of this nonulose with 
2 molecular equivalents of lead tetraacetate in 98% acetic acid, by the procedure 
described earlier, yielded 5.7 mg of a sirup identified by chromatography in solvents 
A and B, and by its rotation of [a]z! + 10~ (c 0.57, water), as D-mannose; neither a 

pentose nor a heptose was detectable. For confirmation, 3.7 mg of the sirup containing 
D-mannose was dissolved in 0.075 ml of water; to the solution was added 0.055 ml 
of redistilled phenylhydrazine, 0.055 ml of glacial acetic acid, and 0.105 ml of water 
and the mixture was kept overnight at o”; 4 mg of white needles of o-mannose phenyl- 
hydrazone was deposited_ The m-p. was Ig8-Igg” (dec.), both alone and when mixed 
with authentic material, and the infrared spectra of the two phenylhydrazones 
were identical. 

Another portion (16.5 mg) of this Primda root nonulose was converted into 
a mixture of methyl glycosides, and this mixture was oxidized with 2 molecular 

equivalents of sodium metaperiodate for 30 min at o”. After reduction of the product 
with sodium borohydride, followed by acid hydrolysis, the 5.8 mg of sirup that was 
obtained was identified as a gluco-heptulose by paper chromatography in solvents 
-4, B, and C, and as belonging to the L series because of its rotation of [a]*; -41~ 
(c 0.3, water). This result is in agreement with the earlier degradation studies on the 
same nonulose isolated from the avocadoea. 

Finally, 14.6 mg of this nonulose was refluxed for 14.5 h with 63.5 mg of (2,5- 
dichlorophenyl)hydrazine in 1.25 ml of ethyl alcohol containing 0.125 ml of glacial 
acetic acid. The quite insoluble, yellow needles obtained weighed 7.1 mg and melted 

at 24~245~ (dec.); this value was not depressed when the compound was mixed with 
a sample of the (2,5-dichlorophenyl)osazone derived from synthetic D-erythro-L- 
gluco-nonulosess. The infrared spectra confirmed the identity of the two samples. 

D-erythro-I.-galacto-Nonulose 

The second nonulose from Primula roots had a relatively high retention-time 
on the Dowex 5oW-X8 (Bas+) column, and the material thus obtained from fractions 
37-41 weighed 203 mg. A Gnal purrhcation on Whatman 3MM Alter paper, developed in 
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solvent A, gave IOO mg of chromatographically pure D-eryrhro-L-galacto-nonulose as 
a sirup having [a]z! -37” (c 3.7, water). This value is very close to that of -36.2” (c 5.2, 
90% methanol) for the synthetic nonulose 23 _ Its identity was confirmed by repeating 
the two degradation procedures by which it was originally characterized. Thus, 
treatment of 8.3 mg of this second nonulose with 2 molecular equivalents of lead 
tetraacetate in 15 ml of glacial acetic acid for 20 min at room temperature afforded 
3.5 mg of a sirup that contained a hexose having the same mobility as D-glucose on 
paper chromatograms developed in solvents A, B, and C. A trace of a pentose having 
a mobility corresponding to that of an arabinose was also observed. That the hexose 
was D-glucose was shown by digesting a solution of 1.5 mg of the sirupy oxidation 
product in I ml of water with o. I ml of a 4% solution of D-glucose oxidase*; subsequent 
paper chromatography showed that the hexose had been completely destroyed. 

Secondly, 3 mg of this second nonulose from Primula roots was converted into 
a mixture of methyl nonulosides that was oxidized with 2 molecular equivalents of 
sodium metaperiodate for 30 min in’ an ice bath: borohydride reduction and acid 
hydrolysis, as described previously23, yielded 2 mg of a sirup that contained a heptu- 
lose having the mobility of a galacto-heptulose on paper chromatograms developed in 
solvents A, B, and C. 

a-Primetierose (6-O-/?-D-sylopyrartosy&%D-ghcopyranose) 

Fractions 47-50 (tubes 8106-9200; 8.24 g) yielded 5-76 g of crystalline prime- 
verose. When recrystallized from methanol, it separated as clusters of flat, wedge- 
shaped prisms that melted at IgI--Igz’ with browning when heated slowly, and at 
about 210~ when heated rapidly. It showed mutarotation [~]z! +24 -+ -3.5” (c 2.5, 
water). All these values are in accord with those recorded for this compound in the 
literature*G. Analyses for C and H were also confirmatory. 

In addition, a sample of the sugar was acetylated with acetic anhydride and 
fused sodium acetate; the /?-primeverose heptaacetate melted at 215-216~ and showed 

[a]*: -20. IO (c I, chloroforin). These values are comparable to the m.p. 216~ and 
[a]‘$ -23_J” reported by Helferich and Rauch 47 for the 8-heptaacetate of synthetic 
primeverose. The infrared spectrum of our primeverose heptaacetate and that of a 
sample derived from Ceratonia siliqual. **were identical when obtained in chloroform 
solutions; and a mixture of our heptaacetate with a synthetic sample*** showed no 
depression of melting point (capillary tube). 

Primeveritol(6-O-@-D-xyiopyranosybD-giucito~) 

A 3ro-mg portion of primeverose was reduced with 125 mg of sodium boro- 
hydride in the usual way. Upon crystallization and recrystallization from aqueous 

*Worthington Biochemical Corporation’s ‘LGIucostat’*, in a phosphate btier. 
**Kindly supplied by Dr. Jochen Lehmarm (Ref. 27). 
***Kindly supplied by Dr. George H. Coleman (Ref. 48). 
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ethyl alcohol, the small needles of primeveritol melted at r41-142~ and showed 
[a]%-34.0” (c r, water). 

Anal. CXc. for C11HssOra: C, 42.04; H, 7.06. Found: 42.10; H, 7.08. 

Prirneveritol ociaaceiate (6-0-B-D-.rylopyranosyi-D-glucitol octaacetate) 

The acetylation of a sample of primeveritol with acetic anhydride and fused 
sodium acetate, at IIOO overnight, yielded a sirup that crystallized when its solution 
in aqueous ethyl alcohol was kept at o0 for 2 weeks. The primeveritol octaacetate 
was recrystallized from aqueous methanol, and then from dichloromethane by the 
addition of pentane; the fine needles melted at IIF120~ and showed [c$z -25.8” 
(c I, chloroform). 

Anal. Calcd. for Ca7HasOrs: C, 49.84; H, 5.89. Found: C, 50.18; H, 6.07. 

myo-lirositol 
Fractions 51 and 52 (tubes 9201--10,055; 2.84 g) yielded the rather insoluble 

mnyo-inositol in the first of crystals. After recrystallization from aqueous methanol, 
was effected by by a melting point and mixed 

melting point of 222-224O, and finally by a comparison of 
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SUhfhIARY 

An aqueous extract of 20 kg of the dried roots of Primrrla o#kinalis Jacq. 
has been deproteinized, deionized, fermented with bakers’ yeast, and fractionated 
by chromatography on cellulose columns, Dowex 5oW-X8 @as+) resin columns, 
and sheets of filter paper. The following higher-carbon sugars were isolated: D-altro- 

heptulose (sedoheptulose), D-ammo-heptulose, D-a//o-heptulose, D-a/fro-pheptulose, 
D-glycero-D-manno-heptose, D-glycero-D-glzrco-heptose, D-glycero-D-manno-octulose, 

D-glycero-L-ga/acto-octdose, D-eryttlro-L-&co-nonulose, and D-erytko-L-galacto- 

nonulose. Two higher-carbon polyhydric alcohols - volemitol (D-gZycero-D-nzanno- 

heptitol) and p-sedoheptitol (D-glycero-D-glUco-heptitol)-were also isolated, as well 
as glycerol, erythritol, xylitol, myo-inositol, D-xylose, and primeverose. Of all these 
substances, only volemitol had previously been isolated from P. ojicinalis, although 
primeverose was known to occur there as a constituent of the glycosides primeverin 
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and primulaverin. In addition, primeverose has been reduced to primeveritol(6-O-&D- 

xylopyranosyl-D-glucitol), which was characterized further as the crystalline octaace- 

tate; and the crystalline D-g+cero+-D-gkfco-heptose has been converted into the 

new, crystalline D-glycefo-p-D-gimo-heptose hexaacetate. 
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THE ISOLATION OF D-eryihro-L-galacio-NONULOSE FROM 
THE AVOCADO, TOGETHER WITH ITS SYNTHESIS AND’PROOF 
OF STRUCTURE THROUGH REDUCTION TO D-arabino-D-manno-NGNlTOL 

AND D-arabin&D-&co-NONITOL* 

Huoo H. SEPHTON AND NELZDN K. RICHTMYER 

National Insritaie of Arthritis and Metabolic Diseases, National InsMutes of Healtlr, Bethesda, Mary- 
land zooI (Cl. S. A.) 

(Received February r7th, 1966; in revised form March rzth, 1966) 

The application of chromatographic separation techniques has, in recent years, 
resulted in the addition of several higher-carbon sugars to those previously isolated 
from natural sources. D-mmzno-Heptulose (I)l and sedoheptulose (D-alfro-heptulose, 
II) as the crystalline 2,7-anhydro-p-D-al&o-heptulopyranose2 had been isolated from 
plant sources by crystallization techniques before the era of chromatography. An 
investigation of the higher-carbon sugars of the avocado fruit (Persea gratissima 
Gaertn., family Lauraceae) has resulted in the isolation of D-r&o-heptulose (111)3, 
D-gZycero-D-@zZacto-heptOSe (IV) 4, D-glycero-D-mamw-octulose (V)3-5, D-glycero-L- 

galacto-octulose (VI)4, D-erythro-L-gZtico-nonulose (VII)s, and now D-erythro-L- 
gala&o-nonulose (VIII)_ These octuloses and nonuloses have also been found in 
Sedunr species (family Crassulaceae) 3.6, have recently been isolated from the roots 
of the primrose (Primula oficinalis Jacq., family Primulaceae)T, and have been 
indicated, by paper chromatography, to occur, with D-manno-heptulose and sedo- 
heptulose, in at least five other genera of the Crassulaceaes. Sedoheptulose occurs 
widely in nature, and its role as an intermediate, both in carbohydrate metabolism 
and photosynthesis, is well understood. D-manno-Heptulose has been discovered in 
several plant families, but the mechanism of its biosynthesis is still obscure. The 
biosynthesis and possible role of the octuloses and nonuloses in carbohydrate meta- 
bolism are unknown, although several octuloses have been synthesized enzymically 
from aldoses4ag-ll. 

It is interesting that the higher-carbon ketoses that have been shown to occur 
in plants can be divided into two well-defined groups with reference to their structures 
and possible modes of biosynthesis. The tist group includes those that have a D-threo 

configuration at C-3 and C-4 (the “D-xylulose” configuration at C-I to C-4); these 
should be capable of being synthesized by the enzymes transaldolase, transketolase, 
or aldolase. In this group belong sedoheptulose (II), D-gZycero-L-gaZncfo-octulose (VI) 

*Presented, in part, before the American Society of Plant Physiologists at the 45th Annual Meeting 
of the Pacific Division of the American Association for the Advancement of Science, Vancouver, 
B.C., Canada, June 1964, and, in part, before the Division of Carbohydrate Chemistry at the Winter 
Meting of the American Chemical Society, Phoenix, Arizona, January 1966. 
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(whichhas been synthesized in vitro by an aldolase4s9), D-erythro-L-gluca-nonulose(VII), 
and D-eryfhro-L-galacto-nonulose (VIII). The configurations of the naturally occurring 
D-xylose, D-mannose, and D-glucose can be recognized in the lower portions of the 
octulose and twb nonulose formulas, respectively, and this suggests that aldolase or 
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transaldolase reactions are involved in their biosynthesis. The second group includes 
those higher-carbon ketoses that have an L-erythro configuration at C-3 and C-4, 
and whose mode of biosynthesis is at present obscure. D-?na?z?zo-HeptLkse (I), D-Zaio- 

heptulose (III), and D-glycero-D-nzanno-octulose (V) belong to this group. 
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D-erytlzro-L-g&cfo-Nonulose (VIII), the primary subject of this article, was 
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isolated from the avocado fruit (Calavo, Hass variety) in very low yield, as a hygro- 

scopic sirup, by repeated chromatography on cellulose columns. The structure of the 
nonulose was determined by two methods of degradation similar to those that had 
been used for D-eryrlzro-L-gluco-nonulosee, previously isolated from the avocado 
fruit. Oxidation from the reducing end with two molecular equivalents of lead tetra- 
acetate, according to the procedure of Perlin and Brice12, yielded as the main product 
a reducing sugar having the paper-chromatographic mobility of a glucose; it was 
shown to be D-glucose by its complete oxidation in the presence of D-glucose oxidase. 
The configurations of C-5 to C-8 of the nonulose were thus indicated to be the same 
as those of D-glucose. In agreement with this conclusion, minor components detected 
in the lead tetraacetate oxidation mixture corresponded to D-glycero-D-gulo-heptose 
and D-arabinose. The configurations of C-3 to C-6 were determined by application 
of the degradation procedure of Jones and Sephtonle in which the methyl nonulo- 
pyranoside IX (or, probably, a mixture of the anomeric forms) was oxidized with 
two molecular equivalents of periodate at 0“ and at 25O. At o”, oxidation occurred 
mainly at the C-7, C-8 glycol outside the ring, p reducing a heptosuloside that, after 
reduction with potassium borohydride and hydrolysis with acid, gave a heptulose 
indistinguishable by paper chromatography from L-gala&o-heptulose (perseulose, XI). 
An octulose, not separable from D-g~~Ce~~-L-g~~~C?O-OCtU~OSe (VI)4, was also produced 
in small proportion by oxidation at C-8, C-g. ‘When the borohydride reduction was 
omitted, the main aldose product (after acid hydrolysis) cochromatographed with 
D-arabinose (X); this indicated that a substantial portion of the nonuloside had been 
oxidized within the pyranose ring, with the lower portion of the nonuiose being left 
intact. This observation indicated a relatively labile ci.s-glycoli3 at C-4, C-5, and 
is in agreement with the galacro-heptulose configuration indicated above for C-I to 
C-6. When the periodate oxidation was carried out at z$‘, followed by borohydride 
reduction and hydrolysis, the major product was a polyhydric alcohol cochromato- 
graphing with D-arabinitol; this result is consistent with the pyranoside structure 
ascribed to IX. 

Since degradation from the reducing end of the nonulose produced D-glucose, 
the galacto-heptulose obtained by degradation from the nonreducing end must 
belong to the L series (so as to overlap with D-glucose). The complete structure of 
the nonulose is, thus, indicated to be D-eryt/zro-L-galacto-nonulose (VIII). 

To confirm the structure thus determined by degradation, D-er-ythro-bgalacto- 
nonulose (VIII) was synthesized by (a) the nitroethanol method of Sowden and 
(b) the diazomethane method of Wolfrom Is_ The addition of nitroethanol to D- 
glycero-D-gztlo-heptose was carried out under a variety of conditions, all of which 
were found to give the desired nonulose, but in very low yield. The diazomethane 
synthesis from sodium D-eryrhro-L-galacto-octonate was somewhat better, giving VIII 

in 4.8% yield as a sirup having [a],, se -36.2” in water. A crystalline (2,5-dichloro- 
phenyl)osazone of this sugar was prepared. The synthetic nonulose was found to 
have the same chromatographic mobility as the second avocado nonulose by paper 
chromatography and by gas-liquid chromatography. The identity of the synthetic 
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D-eryrhro-L-galacto-nonulose with the avocado nonulose was established by 
reduction of each with borohydride and isolation of corresponding, pairs of iden- 
tical nonitols. Thus, each nonulose reduction mixture was chromatographed on a 
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column of Dowex 5oW-X8 (Ba2+) resinls, and completely separated into fractions 
from which D-arabi~zu-D-manno-nonitol (XII) and D-arabino-D-gluco-nonitol (XIII) 
were obtained in crystalline form. The identity of these two pairs of nonitols with 
each other was established by infrared and melting-point data. The assignment of 
configuration to the two nonitols was determined by oxidizing them to nonuloses 
with Acerobacter suboxydans; this organism oxidizes the penultimate hydroxyl group 
of a cis glycol when it is of the D configuration and next to a primary hydroxyl group. 
The main product thus obtained from the higher-melting nonitol (rg2--Ig3°) was 
chromatographically inseparable from D-eq&rro-L-g&o-nonulose (VII), the hrst 
nonulose isolated from the avocado s; hence, this nonitol was D-arabino-D-ma?zno- 

nonitol the second oxidation product to 
expected, not detected. Oxidation of second nonitol (m.p. 180- 

181”) gave a new nonulose (XIV) that was readily separable by chromatography 
from the two avocado nonuloses (VII and VIII); hence, the second nonitol was 
indicated to be D-arabino-D-gluco-nonifol (XIII). EmiI Fischer17 had obtained the 
higher-melting of these two nonitols by reduction of a synthetic nonose (“D-gluco- 
nonose” or “D-cC,a,a-gluCOnOnose”). C. S. Hudsonls concluded that Fischer’s nonose 
probably had the D-arabino-D-nzamzo configuration because of its preponderance in 
the cyanohydrin synthesis, its weak dextrorotation, and the low solubility of its 
crystalline phenyihydrazone. The higher-melting of the above pair of nonitols was 
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shown to be identical with Fischer’s nonitol by mixed melting point, by X-ray dif- 
fraction patterns, and by Acetobacter suboxydans oxidation. Hudson’s assignment 
of the D-arabino-D-mamo configuration was thus confirmed. 
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Paper chromatography was carried out on Whatman No. I filter paper by the 

descending method at room temperature. The following ‘solvent systems were used: 
A, ethyl acetate-acetic acid-formic acid-water (18:3:1:4); B, butyl alcohol-ethyl 

alcohol-water (40: I I : 19); C, butyl alcohol-pyridine-water(6:4:3); and D, ethyl 
acetate-pyridine-water saturated with boric acid (I 2:5:4). Spray reagents used were 

aniline hydrogen phthalate for aldoses, orcinol-hydrochloric acid for ketoses, and 

silver nitrate (ammoniacal, or in conjunction with sodium hydroxide in ethyl alcohol) 

for alditols, sugars, and other polyhydroxy compounds in general. With the orcinol- 

hydrochloric acid spray and heating at loo-IIOO, heptuloses give a pinkish orange 
color changing to blue (or greenish blue with nzanno-heptulose), octuloses give a pink 
to red color changing to a brownish gray, and nonuloses give a similar pink to red 

changing to a greenish gray. The octulose and nonulose spots fluoresce bluish white 

under ultraviolet light. All concentrations were carried out in vacua at temperatures 

not over 50’; the final drying of sirups was completed in evacuated desiccators over 
granular calcium chloride. Melting points were determined on a Kofler micro hot- 

stage. 

Isolation of D-erythro-L-galacto-nonrilose from the avocado 

A sirupy fraction (0.420 g) containing principally this nonulose was isolated 
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from the fruit pulp (95 kg) of 400 ripe avocados (Californian Calavo, Hass variety) 
by repeated chromatography on cellulose-powder columns as described in a previous 
papefi. The sirup was dissolved in a small volume of methanol, and polyhydric 
alcohols were removed from it by crystallization at low temperature. The mother 
liquor was concentrated to a sirup (0.282 g) that was dissolved in water (5 ml), the 
solution was filtered through a layer of decolorizing carbon (Darco X), and the filtrate 
was concentrated to a dry sirup (0.262 g). The presence of oligosaccharides in this 
sirup was indicated when acid hydrolysis of a small portion of it (5 mg) produced 
sugars that cochromatographed with D-glucose, D-xylose, D-nzanno-heptulose, and 
D-fructose, in addition to the nonulose. Oligosaccharides were removed from a 
portion (150 mg) of the nonulose fraction by chromatography on thick filter-paper 
(Whatman No. 3MM) with solvent D. A nonulose fraction (103 mg) having [o~]f?Do 
-9.7” (c 1.24, water) was thus obtained. This product still contained a small amount 
of oligosaccharide contaminants. 

Lead tetraacetate oxidation of the acocado D-erythro-r.-galacto-ltonzllose lo D-glycero- 
D-gulo-heptose, D-ghcose, and D-arabinose 

The nonulose (6.5 mg) was dissolved in glacial acetic acid (5 ml), and treated 

with a solution of two molecular equivalents of lead tetraacetate in glacial acetic 
acid (o-75 ml of a 0.116 N solution) at 22'. After 15 min, sufficient oxalic acid (10%) 

in glacial acetic was added to the solution to complete the precipitation of lead oxalate, 
which was removed by centrifugation. The supernatant liquor was concentrated 
to a sirup that was dissolved in aqueous 0.1 N sulfuric acid (5 ml), and the solution 
was heated on the steam bath for 5 h (to hydrolyze formyl and glycolyl esters), deacid- 
ified with Duolite A-4 ion-exchange resin, andconcentrated to a sirup. Theproductwas 
examined by paper chromatography with solvent systems A, B, and C, which indicated 
the following sugar components: a heptose not separable from D-gZycero-D-grdo- 

heptose, a hexose (the major product) not separable from D-glucose, and a pentose 
not separable from D-arabinose. After incubation of a portion of the degradation 
products with D-glucose oxidase, the hexose component that had previously cochro- 
matographed with D-glucose was completely absent, whereas the heptose and pentose 
were still detectable on paper chromatograms. 

Periodate oxidation of t/ze avocado metlzyl D-erythro-L-galacto-ltonrlloside to D-glycero- 
L-galacto-octulose, L-galacto-heptulose. D-glucose, and D-arabinose 

The nonulose (6.0 mg) was refluxed with 2.5% methanolic hydrogen chloride 
(5 mi) for 5 h. The solution was cooled, neutralized to pH 5 by the gradual addition 
of a methanolic solution of potassium hydroxide, and concentrated in cacao without 
heating. The sirupy residue was dissolved in water (5 ml), the solution was cooled 
to oO, and a cold aqueous solution of 2 molecular equivalents of sodium metaper- 
iodate (g-3 mg) was added to it. The solution was kept at 0” overnight, and divided into 
two equal volumes. One portion was treated with an excess of potassium borohydride 
for 4 h at 22O, decationized (Dowex 5oW-X8), freed from boric acid by the usual 
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procedure, hydrolyzed in a 0.1 N aqueous sulfuric acid solution on the steam bath 
for 2 h, deionized with ion-exchange resins (Dowex 5oW-X8 and Duolite A-4), and 
concentrated to a sirup. Upon examination by paper chromatography with solvent 
systems A, B, and C, it was found to contain some residual nonulose, an octulose 
not separable from D-g~~Ce~~-L-g~~~CtO-octulose”, and, as the major product, a heptu- 
lose not separable from L-galacto-heptulose. The second portion of the periodate 
oxidation mixture was hydrolyzed with aqueous 0.1 N sulfuric acid (5 ml) on the 
steam bath for 2 h, deionized with ion-exchange resins (Dowex 5oW-X8 and Duolite 
A-4), concentrated to a sirup, and examined by paper chromatography with solvent 
systems A, B, and C. The principle aldose in this hydrolyzate was inseparable from 
D-arabinose. Minor components, inseparable from D-gZycero-D-g-uZo-heptose and 
D-glucose, were also detected. 

The methyl glycosides obtained from the avocado nonulose (5 mg) were also 
oxidized at 25” with two molecular equivalents of sodium metaperiodate, and the 
products were reduced with borohydride and hydrolyzed as described above. Paper 
chromatography revealed a main constituent that cochromatographed with D-ara- 
binitol. Minor products (not separable from D-glucitol and erythrltol), as well as 
some nonulose, were also detected. 

Sptthesis of D-erythro-L-galacto-izonulose 
(a) From D-glycero-D-gulo-heptuse 

2-Nitroethanol (150 ml; Commercial Solvents Corporation) was purified by 
codistillation with phenyl ether (150 ml) under diminished pressure, with the pre- 
cautions suggested by Noland rg_ The purified reagent was kept in the refrigerator. 

In preliminary experiments, several methods of addition of 2-nitroethanol to 
D-gZJYerO-D-gZ!ZO-heptOSe were tried, on a small scale, with different solvents and 
basic catalysts. These included sodium methoxide in methanol, aqueous sodium 
hydroxide, Amberlyst XN-1002 anion-exchange resin in pyridine, powdered potas- 
sium hydroxide in pyridine, sodium methoxide in methanol plus pyridine, sodium 
methoxide in methanol plus glycerol, and sodium hydroxide in methanol-water_ 
The yields of nonuloses obtained were low in all cases. 

D-gZyCefo-D-guZo-Heptose’0 (57 g) was dissolved in distilled water (500 ml) by 
stirring at 60”. To the solution, cooled to 2o”, 2-nitroethanol (30 g) was added, 
followed by the slow addition, with stirring, of sodium hydroxide (15 g) in water 
(300 ml). Methanol (400 ml) was added to provide a homogeneous solution. Stirring 
was continued at room temperature for 30 min, and the solution was then neutralized 
by the addition of Dowex 5oW-X8 cation-exchange resin, filtered, and the filtrate 
concentrated to a small volume. Unreacted heptose (51.8 g) crystallized during the 
concentration, and was recovered by filtration and washing with methanol. The 
combined mother liquor and wash methanol; examined by paper chromatography, 
showed the presence of two nonuloses and a heptulose. It was combined with simiIar 
products obtained by re-treating the recovered heptose (51.8 g) with a-nitroethanol 
as described above. The crystalline heptose (43 g) recovered from the second reaction 
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was treated a third time, to yield unchanged heptose (37 g) and a mother liquor 
that, upon further concentration, decomposed exothermaliy with evolution of gas 
and total loss of the product. The recovered heptose (37 g) was treated a fourth time 
with a-nitroethanol in aqueous methanolic sodium hydroxide. The residual heptose 
(30 g) was recovered as described above, and the mother liquor containing the mixture 
of ketoses, the excess of 2-nitroethanol, and degradation products was combined, 
in aqueous solution (200 ml), with the mother liquor products previously obtained, 
and extracted with ethyl ether (5 times, 200 ml) to remove the excess of 2-nitroethanol 
and some of the degradation products. The residue was precipitated onto cellulose 
powder, in a slurry, by means of quarter-saturated aqueous butyl alcohol; the slurry 
was transferred to the top of a packed cellulose column (5 x roe cm); and the column 
was eluted with quarter- to half-saturated aqueous butyl alcohol as described in a 
previous publication *. Fractions were collected on the basis of their ketose content 
as indicated by paper chromatography. D-gluco-Heptulose (6.7 g) and two nonulose 
fractions (I.295 g and 0.367 g) were obtained by concentrating appropriate fractions. 
The second of these two nonuloses was not separable from the avocado nonulose 
(VIII) by paper chromatography with solvent systems A, B, or C. 

(b) From sodium D-erythro-L-gaiacto-octonate 
The procedure of Barker21 was adapted for the preparation of D-erythO-L- 

galacto-octonic acid heptaacetate. Freshly fused zinc chloride (7-5 g) was dissolved 
in acetic anhydride (IOO ml) by magnetic stirring at 22O in a three-necked flask fitted 
with a calcium chloride tube, a thermometer, and a gas-dispenser tube. The solution 
was cooled to - IOO, and powdered sodium D-erytlzro-L-gaiacto-octonate* (25 g) was 
added. Cooled in a freezing mixture at -zoo, the solution was treated with dry 
hydrogen chloride at a low rate for 1-5 h with continuous stirring, care being taken 
to maintain the temperature of the solution below oa. The solution thus saturated 
with hydrogen chloride at -10~ was set aside to warm slowly overnight to 22’. 

The solution was then cooled to o“, and chipped ice (500 g) was added slowly, with 
stirring, during r-5 h. The acetylated octonic acid was extracted from the solution 
with dichloromethane (5 times, 200 ml), and the extract was dried (sodium sulfate). 
The dried solution was concentrated to a sirup that was dissolved in dry benzene 
(200 ml), and thionyl chloride (20 g) was added. The solution was heated under reflux, 
with protection against atmospheric moisture (calcium ctioride tube), for 4 h, kept 
overnight at 22’, and the excess of reagent and the solvent were removed by concen- 
tration, followed by drying of the resulting sir-up in mcuo. A solution of diazomethane 
in ethyl ether [prepared by swirling N-methyl-N’-nitrosoguanidine (20 g) in cold ethyl 
ether (400 ml) over a layer of cold 50% aqueous potassium hydroxide solution (IO ml), 
and drying over potassium hydroxide pellets] was decanted onto the dry, sirupy, 
acetylated octonyl chloride_ After the sirup had dissolved, the solution was kept at 

* The sodium octonate was made by earlier workers in this Laboratory from the lactone, which 
was prepared according to Hackett and Hudson (Ref. 22). 

Carbohydrate Res., 2 (1966) 289-300 



D-eryihro-L-galacto-Nomf.osE FROM THE AVOCADO 297 

room temperature for 4 h, concentrated, and the sirupy residue dried in uacuo. A 
solution of the sirup in glacial acetic acid (250 ml), to which powdered copper (20 mg) 
and cupric acetate (trace) were added, was carefully heated to the point of vigorous 
gas evolution (II~“), just below the boiling point. After the evolution of gas had 
subsided, the solution was heated at its boiling point for several min, cooled, and 
concentrated, and the sirup was dried in uacuo over potassium hydroxide (pellets). 

The sirup was dissolved in dry methanol (500 ml), the solution cooled to -5”, a 
catalytic amount of sodium methoxide in methanol (5 ml of 2.9 M) was added, and 
the solution was kept at -5O until deacetylation of the nonulose was complete, as 
indicated by paper chromatography (48 h). Sodium ions were removed from the solu- 
tion by passing it through a column of Dowex 5oW-X8 (H+) resin, and the eluate 
was concentrated to a thin sirup. The sirup was precipitated onto cellulose powder 
slurried in quarter-saturated aqueous butyl alcohol, and fractionated by chromato- 
graphy on a cellulose-powder column by elution with quarter- to half-saturated 
aqueous butyl alcohol as described in a previous publication4. The nonulose fraction 
obtained (1-15 g; 4.8% overall yield) was decolorized by treatment with activated 
carbon (Darco X), and filtered. It had [z] g -36.2” (c 5.16, go% aqueous methanol), 
and was chromatographically inseparable from the avocado nonulose (VIII) by 
solvent systems A, B, or C. The trimethylsilyl derivatives of this synthetic nonulose 
and the avocado nonulose were prepared by mixing a small quantity (about I mg) 
of each with pyridine (4 drops), hexamethyldisilazane (4 drops), and chlorotri- 
methylsilane (2 drops)aa. The reaction mixtures were subjected to gas-liquid chro- 

matography on a packed column (0.6 x 183 cm) of 3 oA SE 52 on Gas-ChromA by injec- 
ting small volumes (I pl) of each and heating the column from 75 to 280~ at a rate of 
I IO per min, with a nitrogen flow-rate through the column of IOO ml per min. Each 
of the reaction mixtures produced a single, main chromatographic peak eluting at 
275O, detected by hydrogen flame ionization; these peaks were not separated when 
the two preparations were cochromatographed. A crystalline (2,5-dichlorophenyl)- 
osazone was obtained from the synthetic nonulose (25 mg) by heating it under reflux 
for several days with (2,5-dichlorophenyl)hydrazine (50 mg) in absolute ethyl alcohol 
(5 ml) containing glacial acetic acid (0.5 ml). The osazone crystallized from the 
boiling reaction-mixture as nodular aggregates of fine needles; m.p. 247-24g”_ When 
mixed with the (2,5-dichlorophenyl)osazone of D-erythro-L-glrrco-nonuloses, the 
m-p. was 238-240~. 

Anal. Calc. for Ca1H24CLN-10~: C, 43.02; H, 4.13; Cl, 24.19; N, 956. Found: 

C, 43.33; H, 4.14; Cl, 23.88; N, 9.79. 
The infrared spectrum of the osazone, recorded in a Nujol mull, showed 

distinctive absorption maxima at 745, 792, 845, 873, 920, 1013, 1047, Iogo, 1170, 
1205, 1248, 1258,1268,1455, 1473, 1587,3275, and 3400 cm-l. 

Redlrction of D-erythro-L-galacto-nonulose, and isolation of the products: D-arabino- 

D-manno-nonitol and D-arabino-D-ghico-nonito1 
Synthetic D-erythro-L-galacto-nonulose (0.060 g), dissolved in water (25 ml), 
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was treated with an excess of potassium borohydride (0.10 g), and the solution was 
kept overnight at 22’. Cations were removed from the solution by stirring it with 
an excess of Dowex 5oW-X8 (H+) resin, and the acidic solution was filtered and 
concentrated to a sirup. Boric acid was removed from the product as (volatile) 
methyl borate. The residual sirup was dissolved in water (2 ml), placed on a column 
(1.2 x 140 cm) of Dowex 5oW-X8 (zoo-400 mesh) in the Ba2+ form, and eluted with 
distilled water at a low rate (5 ml per h) according to the method described by Jones 
and Wallrs. Small fractions (I ml) were collected, and were examined by paper 
chromatography. The first crystalline nonitol (0.017 g) was recovered from fractions 
151 to 220. After recrystallization from aqueous methanol, it had m.p. Lg2-193”. 

Anal. Calc. for CgHsoOg: C, 39-70; H, 7.41. Found: C, 39.99; H, 7.06. 
A second crystalline nonitol (0~022 g) was recovered from eluate fractions 

285 to 380. After recrystallization from aqueous methanol, it had m.p. 18o-181”. 
Anal. Calc. for CsHsoOs: C, 39-70; H, 7-41. Found: C, 39.17; H, 7-46. 
Duplicate infrared spectra obtained on each of these two nonitols (KBr discs) 

showed the following distinctive absorption maxima: first nonitol-860, 880, 1030, 
Logo, 1215, 1390, 1435, 1630, 2855, 2925, and 3410 (broad) cm-l; second nonitol- 
625, 685, 855, 875, 920, 955, 1020, 1030, 1045, rogo, 1200, 1250, 1320, 14.45, 1630, 
2850, 2920, 2970, and 3380 (broad) cm-l. 

The avocado nonulose (VIII; 0.050 g) was also reduced with potassium boro- 
hydride (0.10 g), and a pair of crystalline nonitols (5 mg each) was obtained by 
chromatography on the Dowex 5oW-X8 (Baa+) resin column as described above. 
After recrystallization from aqueous methanol, the first of these two nonitols had 
m.p. rg3-194“. A mixture of this nonitol with the first nonitol obtained from synthetic 
D-erythru-L-gaZac&nonulose melted at rg2-Lg3°. After recrystallization from aqueous 
methanol, the second nonitol obtained from the avocado nonulose had m.p. 18c+18r”. 
A mixture of this nonitol with the second nonitol from synthetic D-erythro-L-galacto- 
nonulose melted at 18o-181~. The infrared spectrum of this second nonitol (KBr disc) 
clearly confirmed its identity with the second nonitol obtained from synthetic 
D-eiythro-L-galacto-nonulose. 

Oxidation of D-arabino-D-manno-nonitol to D-erythro-L-gluco-nonUIose, and of 
D-arabino-D-ghtco-nonitol to L-threo-L-&co-nonzllose with Acetobacter suboxydans 

The first nonitol(o.8 mg) obtained from synthetic D-erythro-L-galacto-nonulose 
was oxidized with Acetobacter suboxydans (A. T. C. C. No. 621), grown on a mannitol- 
agar slant and suspended in nutrient broth (1.5 ml) containing 0.5% of yeast extract, 
at 25” for 4 days, with gentIe agitation. The solution was filtered through decol- 
or-king carbon (Darco X), evaporated to a sirup, and examined by paper chromato- 
graphy. The main product gave the characteristic nonulose reaction with the orcinol 
reagent, and was not separable from synthetic D-erythro-L-gluco-nonuloses in solvent 
systems A, B, or C. 

The second nor&o1 (2 mg) obtained from synthetic D-erythro-L-gala&o-nonulose 
was oxidized with A. suboxydans in the same manner. The main product was shown 
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by paper chromatography to be a nonulose readily distinguishable from both D-erythro- 

L-galacto-nonulose and merythro-L-giuco-nonulose. 

Emil Fischer’s “D-glucononitol “Ii* was found by us to have m.p. rgz--Ig&, 
a value that was not depressed when this nonitol was mixed with the first nonito? 
obtained from synthetic D-erythro-L-galacto-nonulose. These two nonitol preparations 
gave closely similar X-ray diffraction spectra. When Fischer’s nonitol (3.5 mg) was 

oxidized with A. subos-ydans as described above, the main product obtained was 
chromatographically indistinguishable from D-erytlzro-L-gluco-nonulose. 

ACKNOWLEDGhmT 

The authors thank Dr. William C. Alford and his associates of the Section 
on Microanalytical Services and Instrumentation of this Laboratory of Chemistry 
for obtaining the elemental analyses and infrared spectra, and Dr. Norman E. Sharp- 
less of the Laboratory of Physical Biolo,oy of this Institute for recording the X-ray 
diffraction patterns. 

SUMhlARY 

D-erythro-L-gdacto-Nondose was isolated as a sirup from the avocado fruit, 
in very low yield, by chromatography. The structure of the sugar was determined 
by degradation from the reducing end with lead tetraacetate, and from the non- 
reducing end with sodium metaperiodate. The two sets of reaction products thus 
obtained were identified with known compounds whose structures could be “over- 
lapped” to conform with the D-erytkro-L-gala&o-nonulose configuration. This sugar 
was synthesized, and its identity with that of the avocado nonulose was established 
by reduction, followed by isolation of crystalline D-a~~~i~O-D-~?ZalZ~O-nOnitO~ and 
D-al-abilzo-D-gluco-nonitol from each nonulose. Assigment of configurations to the 
two pairs of nonitols was determined by oxidation with Acetobacter suboxydam. 
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INTRODUCTION 

Gallic acid is found in Nature predominantly in association with D-glucoses, 
but examples of its occurrence esterified to (-)quinic acid (XII), D-hamamelose, 
I&anhydro-D-glucitol (I), epi-catechin, and epi-gallocatechin have also been noteds-6. 
Acer tannin, first isolated by Perkin and Uyeda7 from Acer gin&e and later identi- 
fied in other Acer species, was shown by Kutani5 to be r,5-anhydro-3,6-di-O-galloyl- 
D-glucitol (II), but proof of this structural assignment by a rational synthesis of (II) 
has not been obtained. An important procedure in the selective galloylation of 
I&anhydro-D-glucitol to give compound (II) is the preparation of a suitable deriva- 
tive of the anhydrohexitol in which the hydroxyl functions at C-z and C-4 are pro- 
tected (e.g., III or IV), and the work described here outlines some approaches towards 
the synthesis of this type of intermediate. 

RESULTS AND DISCUSSION 

A general procedure, which was successfully applied to the synthesis of substi- 
tuted 1,5-anhydro-D-glucitol derivatives, including the required z,4-di-O-benzyl (III) 
and a,gdi-0-acetyl (IV) compounds, was based on the preparation* of r,5-anhydro- 
D-glucitol by the lithium aluminium hydride reduction of tetra-O-acetyl-a-D-gluco- 
pyranosyl bromide. Thus, r,s-anbydro-3-O-benzyl-D-glucitol (V) resulted from the 
metal hydride reduction of 2,4,6-tri-0-acetyl-3-0-benzyl-a-D-glucopyranosyl bro- 
mides or the corresponding chloro-compound prepared from r,2,4,6-tetra-O-acetyl- 
3-O-benzyl-/?-D-glucose9 by the methods of Baddiley and co-worker@ or Pravdic 
and Keglevi&. Similar reaction sequences, commencing with r,6-di-o-acetyl- 
z,3,4-tri-O-benzyl-or-D-glucose12 and r,3,6-tri-0-acetyl-a,4-di-0-benzyl-D-glucose (c$ 
ref. 13), afForded the corresponding 2,3,4-tri-0-benzyl (VI) and 2,4-di-0-benzyl (III) 
ethers of r,5-anhydro-D-ghrcitol; the latter compound has been utilised in a successful 
synthesis of the 3,6-di-0-galloyl ester, but complete comparison with the natural 

product has not been made. 

*For a preliminary report of some of these results, see ref. I. 
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Treatment of r,panhydro-3-0-benzyl-D-glucitol (V) with one molecular 
proportion of triphenylmethyl chloride, and subsequent acetylation, gave compound 
(VII). The p.m.r. spectrum of this compound contained a 3-proton singlet, at unusu- 
ally high field (t 8.35), which was attributed to the C-4 acetate group. Examination 

I R3 = R3 = R4 = R6 = H 

H II R2 = R4 = H, R3 = R6 = COCsH3(OH)3-3,4,5 

R40 
III R3 = R6 = H, R2 = R4 = CH2.Ph 

’ IV R3 = R6 = H, R3 = R4 = AC 

H V R2 = R4 = R6 = H, R3 = C&.I% 

VI R6 = H, R’ = R3 = R4 = CH3.Ph 

VII R” = R4 = AC, R3 = CHyPh, RS = C(PlQ3 

VIII R” = R3 = R4 = AZ, R3 = Ts 

of molecular models indicated that the acetate methyl group, due to its structural 
environment adjacent to the 3-benzyl and 6-trityl ether groups, was probably subject 
to a positive shielding by (on average) one of the aromatic nuclei of the trityl ether. 
Removal of the trityl and benzyl ether groups from compound (VII) was achieved 
by brief treatment with acid, followed by hydrogenation, and gave 2,4-di-O-acetyl- 
r,5-anhydro-D-glucitol (IV) as a syrup, which, however, still retained traces of unidenti- 
fied impurities after several chromatographic separations. The structure of the product 
(IV) was confirmed by its deacetylation to give r,5-anhydro-D-glucitol, its acetylation 
to give 2,3,4,6-tetra-O-acetyl-1,5-anhydro-D-glucitol, and its conversion by selective 
toluene-p-sulphonylation, followed by acetylation, into 2,3,4-tri-0-acetyl-I,5- 
anhydro-6-0-toluene-p-sulphonyl-n-glucitol (VIII), identical with the product previ- 
ously described by Bakerr4. However, the use of the diacetate (IV) as an intermediate 
in the synthesis of compound (II) was rendered invalid by the observation that, in the 
presence of pyridine at 60” (conditions normally required for esterification with 
tri-0-benzylgalloyl chlorideis), the compound (IV) underwent changes which were 
analysed using t.1.c. and tentatively interpreted as involving acetyl migration. This 
observation is in broad agreement with the recent studies of An,Tal and Melrose16, 
who have further emphasized the reIative ease with which acyl migrations occur in 
partially acylated polyols under basic conditions. 

Some interesting results, which were not directly applicable to the synthesis 
of compound (II), followed attempts to prepare r,5-anhydro-2,4-O-benzylidene-D- 
glucitol (IX, Rl = Ph, Rs = H). Catalytic oxidationl’ of r,5-anhydro-D-glucitol (I) 
gave a product formulated as the uranic acid (X), but the projected transformation 
of this compound into r,5-anhydro-2,4-0-benzyhdene-D-glucitol (IX, Rr = Ph, 
Rz = H) was not possible since all attempts to form the 3,6-lactone (XI) failed. 
This resistance to Iactonisation was unexpected since, although the conversion 
involves an unfavourable inversion of conformation, similar changes have been 
observed in other systems such as (-)quinic acid (XII to XIII), and the lactone (XI), 
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once formed, might be expected to be stabilised by intramolecular r,3-hydrogen 

bonding. 

In 1954, Baker14 prepared r,5-anhydro-a,+O-methylene-~glucitol (IX, 
R1 = R2 =H) by the action of base upon the toluene-p-sulphonate (XVI, R1 = R2 
= I-I), and it was envisaged that a similar reaction, commencing with the corresponding 

2,4-O-benzylidene derivative (XVI, R1 = Ph, R2 = H), should produce the required 
compound (IX, RI = Ph, R2 = H). Although it was noted that the conformational 
changes, which are necessary for cyclisation to occur in the desired manner, are 
energetically less favourable for the benzylidene than for the methylene compound 

HOtI+ 

\ 

x3m mm0 

XXI 
xx xsna lx 
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(XVI, RI = Ph, R2 = H and XVI, Rl = R2 = H, respectively), since the chair 
form (XVI, Rl = Ph, R2 = H) involves phenyl rather than hydrogen in r,3-diaxial 
interaction with the participating groups, it was considered that, in this case, the 
required orientation of the toluene-p-sulphonate ester and hydroxyl group at C-5 
might be more readily attained in a skew-boat conformation, with the phenyl group 
retaining its equatorial disposition. The ditoluene-p-sulphonate (XIV, R = Ph) was 
prepared according to the method of Varghal*, and although the physical properties 
of this compound were at variance with previous datals, the product was smoothIy 
transformed into the epoxide (XV, R = Ph), and its diacetate gave a p.m.r. spectrum 

fully consistent with the structure shown. Since it was not found possible to prepare 
the diol (XVI, RI = Ph, R2 = H) by preferential, acid-catalysed fission of the 
epoxide (XV, R1 = Ph) (because of the lability of the benzylidene acetal groupingls), 
the latter was treated directly with base when it was assumed that the epoxide ring 
would open in the normal manner to give the diol (XVI, Rl =Ph, R2=H) as an 
intermediate in the reaction. The final product A, C13H1605, was isolated and purified 
as its diacetate EL Hydrogenation of B gave compound C which, on deacetylation, 

afforded the crystalline anhydrohexitol D, CsH1205. Compound D formed a tetra- 
acetate, and the presence of a primary alcohol function in A, but not C, was shown 
by its conversion into a monotrityl acetate which could not be formed from C. 
The chromatographic characteristics of D were identical, in the systems investigated, 
with those of r,5-anhydro-D-glucitol, but its other physical and spectroscopic proper- 
ties were quite different, and it was evident that the cyclisation had taken an un- 
expected course. The formulation of D as r,&anhydro-D-glucitol or 3,6-anhydro-D- 
glucitol (XIX) was also ruled out, since these compounds, prepared respectively by 
Vargha and Kasztreinerlg and Montgomery and Wiggins20, aIso differed significantly 
from D; the fission of the epoxide ring in an abnormal manner (XVII) followed by 
cyclisation leading to r,+anhydro-L-iditol (XVIII), and the formation of an oxetan 
derivative, r,j-anhydro-D-glucitol (XXI, R = H), appeared as plausible, alternative 
reaction pathways. Evidence which favours the last of these hypotheses is discussed 
below. 

Hydrolysis of the ditoluene-p-sulphonate (XIV, R = Ph) with base in the presence 
of methyl, ethyl, or benzyl alcohol gave the corresponding methyl, ethyl, and benzyl 
ether analogues of A. In the case of the methyl and ethyl ethers, these could also be 
prepared by initial treatment of the epoxide (XV, R =Ph) with sodium methoxide 
or ethoxide to give’* products (XVI, R1 = Ph, R2 = Me and XVI, R1 = Ph, R2 = Et) 
which were then cyclised by base independently. The ethyl ether was identical with a 
product derived in a similar way by Vargha 18, but for which no structure was put 
forward. The structural relationship of these compounds to one another and to A 
was indicated by a comparison of the p.m.r. spectra of their acetates (Fig. I), and 
by hydrogenation of the benzyl ether to give a compound identical with D. A compari- 
son of the p.m.r. spectra of the methyl, ethyl, and benzyl ethers and their monoacetates 
also showed that the free hydroxyl group in these compounds was attached to a 
methine and not a methylene group, and hence that the epoxide ring had been cleaved 
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in the expected manner. An unusual, and as yet unexplained, long-range coupling 
phenomenon in the p.m.r. spectra of the ethyl and benzyl ethers concerned the 
methylene* group signal. For example, in the case of the ethyl ether (-O-CHz*CHa), 
in the parent compound, this signal appeared as the usual sharp quartet (1:3:3:1), 

but, in its acetate, each signal of the quartet was subject to further splitting (J 2 c.p.s.). 
A similar phenomenon was present in the case of the benzyl ether, but the methyl 
ether signals in the parent methyl ether ard its acetate appeared as sharp singlets. 

For the methyl, ethyl, and benzyl ethers, it is clear therefore that compounds 
(XVI, R1 = Ph, R2 = Me), (XVI, Rl=Ph, R2=Et), and (XVI, Rl=Ph, R2= 
CHz*Ph), respectively, must act as intermediates in their formation. With the structural 
relationship of these ethers to A in mind, it is thus reasonable to assume that compound 
(XVI, R1 = Ph, R” = H) is very probably involved in the formation of A, and hence that 
D cannot be 1,5-anhydro-L-iditol (XVIII). The r,5-anhydro-r;iditol structure (XVIII) 
was further, albeit less convincingly, excluded by a comparison of the p.m.r. spectrum 
of the tetraacetate of D and the acetates of some x,5-anhydro-D-hexitols. A detailed 
discussion of these spectra is reserved for a later publication, but the preliminary 
analyses shown in Table I were obtained using the concepts arising from previous 

analysess1.22 of carbohydrate acetates and the spectra of model compounds, such 
as the r,5-anhydro-6-deoxy-6-iodo-hexitols. Although some doubt exists as to the 
conformation of the L-iditol derivativez3 (XVIII or XVIIIa), it was considered 
doubtful, even if the molecule exists entirely in the conformation (XVIIIa) in which 

the C-6 group is axially disposed, that this would account for the considerable 
differences between the spectrum of the acetate of D and those of the known 1,5- 
anhydro-D-hexitols. 

These observations therefore permit the formulation of D as r,3-anhydro-D- 
glucitol (XXI, R= H), and the course of the base catalysed cyclisation as shown 

(XV + XXI). The absence of a more extensive range of model compounds has, 
as yet, prevented an unequivocal elucidation of the p.m.r. spectra of compound D 
[Fig. i(d)] and its various derivatives, and the assignments shown in this paper await 
verification by further, more-detailed work which will include an investigation of the 
chemistry of 1,3-anhydro-D-glucitol itself. 

EXPERILIENTAL 

P.m.r. spectra were recorded with a Varian A-60 spectrometer. 

A solution of 2,4,6-tri-O-acetyl-3-O-benxyl-a-D-glucopyranosyl bromide9 (IO g) 
in anhydrous ether (IOO ml) was added to a stirred suspension of lithium aluminium 
hydride (g g) in the same solvent (150 ml). The mixture was stirred for 2 h at 20”, 

distilled water (150 ml) was added, and the ether layer was separated_ The residual 
aqueous layer was filtered and de-ionised with Zeo Karb 215 (H+ form) and Amber- 
lite CG 400 (acetate form). Concentration of the resulting solution, and recrystalli- 
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TABLE I 

THE p.m.r. SPECTRA OFSOME I,+ANHYDROHEXITOLTETRA-ACETATES (CDC13) 

Hexitot 2 3 4 6 

Acetoxy resonances (7 vahres) 

n-Glucito18 7.97 7-97 
n-MannitolM 7.84 7.96 
D-GalactitolZS 7.94 7.99 
D-TalitolZ6 7.85 8.00 
D-k&I-itOl" 7.86 7.86 

7.97 7.92 
8.00 7.91 
7-83 7-94 
7.85 7.94 
8.00 7.92 

Hexitol H-I H-z, H-3, H-4 H-s H-6 

e9 ax 

Protorr resonances (7 cahes) 

n-Glucito18 6.35 6.60 
D-MannitolZ4 6.18 6.56 
o-GalactitolZ5 6.10 6.75 
n-Talitol”6 6.08 6.41 
D-Altritol"' 5.90 6.20 

4-72-5-23 5.70-6.00 
4-51-S-07 6.12 5.80 
4.46-4-93 5.62-5.93 
4-59-4-90 6.00 5.80 
4.53-5.23 6.10 5.80 

sation of the residue from aqueous ethanol, a oave I+anhydro-3-O-benzyl-D-glucitol 
(3.1 g) as prisms, m.p. 154-r&, [ct]: +34.6” (c 3.8, dioxan), & (silica gel, benzene- 
methanol, Ig:I) 0.27 (Found: C, 60.7; H, 7.6. CI&~I~O~-~/~CZ&OH talc.: C, 60,6; 

H, 7-6%X 
Acetylation of the product (pyridine-acetic anhydride) gave, after crystallisation 

from ethanol, z&6-tri-O-acetyl-3-O-benzyl-D-glucitol as needles, m-p. 1o1--1o2~, 
[~]$P+I~_o” (c 3.3, dioxan) (Found: C, 59.7, H, 6.2. ClaH240s talc.: C, 60.0; H, 6.3%). 

Hydrogenation of r,5-anhydro-3-O-benzyl-D-glucitol (LOO mg) over palladium- 
charcoal (ION%, IOO mg)inethanol(~ml)gave,onremovalofthecatalystandsolvents, 

a clear syrup which crystallised from ethanol to give r,5-anhydro-D-glucitol (50 mg), 
m-p. and mixed m-p. 142-143°. 

A solution of 1,5-anhydro-3-O-benzyl-D-glucitol (1.0 g) and triphenylmethyl 
chloride (1.2 g) in pyridine (50 ml) was kept for 3 days at 20~ and then acetic anhy- 
dride (30 ml) was added. After a further 24 h, the mixture was poured into ice-water, 
with vigorous stirring, and the precipitated solid was filtered off, washed well with 
water, and crystallised from ethanol. s,4-Di-O-acetyi-1 .s-anhydro-p O-benzyl-6- O- 
trityl-D-glucitol (1.5 g) was obtained as needles, m.p. 163-165O, [a]g f21.P (c 2.7, 
in dioxan) (Found: C, 74.3; H, 6.2. CasHa talc.: C, 74.5; H, 6.2%). 
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z,4-Di-0-acetyl-I,5-anhydro-D-glucitol 

To an ice-cold solution of the foregoing product (o-5 g) in acetic acid (3 ml), 
an ice-cold solution of hydrogen bromide in glacial acetic acid (50% w/v, I ml) was 
added. After I min, the solution was poured into ice-water, and the products were 
extracted with chloroform (50 ml). Removal of the chloroform gave a colourless 
syrup which was hydrogenated in ethanol (20 ml) over palladium-charcoal catalyst 
(IO%, 200 mg) for 24 h. T.1.c. using benzene-methanol (4:r) on silica gel revealed one 
component (RF o-45), and purif%ation~by this means gave n,gdi-0-acetyl-r,5-anhydro- 
D-glucitol as a syrup. (Found: C, 48.8; H, 6.6. clOHl607 talc.: C, 48.4; H, 6.4%). 

Acetylation of the product (acetic anhydride-pyridine) gave z,3,4,6-tetra-O- 
acetyl-1,5-anhydro-D-glucitol, m.p. and mixed m-p.,’ with an authentic samples, 
74-75”- 

Toluene-p-sulphonyl chloride (0.15 g) was added in portions (0.025 g) to an 
ice-cold solution of 2,4-di-O-acetyl-r,5-anhydro-D-glucitol (0.2 g) in pyridine (3 ml). 
The mixture was stood for 3 h at 20~ when it was cooled to o” and acetic anhydride 
added. After 24 h at 20“, the solution was poured into water, and the products were 
extracted with chloroform. Evaporation of the chloroform gave a syrup which crystal- 
lised from ether-light petroleum (b.p. 4o-60”) to give z,3,4-tri-U-acetyl-I,5-anhydro- 
6-0-to1uene-p-sulphonyl-D-glucitol, m-p. 14.+145”, undepressed on admixture with 
an authentic14 sample. 

I ,5-Anhydro-2,4-di-0-benzyl-D-ghxitol 

1,6-Anhydro-2,4-di-0-benzyl-~glucopyranosels (2.5 g) was dissolved in acetic 
anhydride (15 ml), and sulphuric acid in acetic anhydride (4% v/v; 0.6 ml) was added 
to the solution which was then heated for 3 min at 100“. The reaction mixture was 
poured into ice-water and, after I h, the products were extracted with chloroform. 
After being washed with water and sodium hydrogen carbonate solution, the chloro- 
form was evaporated to yield a gum, which was treated with a solution of dry hydrogen 
chloride in dioxan (5% w/v; IOO ml) for 30 h at 37”. Removal of the dioxan gave 
a gum which, after evaporation with toluene, was dissolved in anhydrous ether (50 ml) 
and added slowly to a stirred suspension of lithium aluminium hydride (2.5 g) in 
ether (50 ml). Further lithium aluminium hydride was added after 2 h and, after another 
hour, distilled water (IOO ml) was cautiously added. The filtered aqueous layer was 
de-ionised (as above) and concentrated at 30~. Crystallisation of the residue from 
ethanol gave 1,5-anhydro-D-glucitol (~o mg), m-p. and mixed m-p. 142-143~. The dried 
(NazSOa) ether solution yielded a gum which t.1.c. on silica gel using benzene- 
methanol (15:r) indicated to contain two components, RF 0.36 and 0.52. Crystal- 
lisation from benzene gave I,5-anhydro-2,4-di-0-benzyl-D-glucitol (0.26 g, RF 0.36) 
as needles, m-p. I I I-I lz”, [z]g +23.2O (c 2.5, dioxan) (Found: C, 69.6; H, 6-7. 
CzOHr40s talc.: C, 69.8; H, 7.0). 

Hydrogenation of the product (as above) gave an uptake of 2.1 moles of hydrogen 
per mole and yielded r,5-anhydro-D-glucitol, m.p. and mixed m.p. 142-143~. 
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r,S-Anhydro-2,3,4-tri-0-benzyZ-D-gkcitoi 
This compound was prepared in a manner analogous to that described above 

for r,5-anhydro-2,4-di-0-benzyl-D-glucitol. r,6-Anhydro-2,3,4-tri-U-benzyl-D-gluco- 
pyranosel” gave I,5-anhydro-2,3,4-tri-U-benzyl-D-glucitol (VI) as needles, m.P. 
83-84”. (Found: C, 74.7; H, 6.8. C37H3005 talc.: C, 74.6; H, 6.9%). 

This compound was prepared according to Vargha-28 and was obtained as 
needles, m-p. 125-126O, [a]g +16.7~ (c 6.3, pyridine); Vargha18 reported m-p. 148”, 
[a]~ + 17_8’_ The product was smoothly converted into 5,6-anhydro-2,4-O-benzylidene- 
I-O-toluene-p-sulphonyl-D-ghktol (XV, R = Ph) by the method of Varghals. The 
p-m-r. spectrum of this compound is as shown below CCDCls, DzO shake). 

z MuItipZicity Intensity Assignment 

2.20 doublet (J 8 c.p.s.) 
2.70 doublet (J 8 c.p.s.) 
2.60 singlet 
4-48 singlet 
5.68-6.0 multiplet 
6.32 doublet 
6-75 multiplet 
7.20 doublet (.7 4 c.p.s.) 

2 

> 

AB quartet 
2 toluene-p-sulphonyl 
5 benzylidene (aromatic) 
I benzylidene (proton) 

3 H-2, H-3, H-4 
2 H-I 
I H-5 
2 H-6 

~,6-Di-O-acet)tl-~,3-anhydro-~,4-O-benzyZidene-~-glucito~ (Compound B) 
5,6-Anhydro-2,4-O-be~lidene-I-O-toluene-psulphonyl-~-glucitol (5 g) was 

added to a solution of sodium hydroxide (0.9 g) in water (250 ml), and the mixture 
was heated with stirring for 5 h at So”, cooled, and neutralised (2~ suIphuric acid). 
Evaporation gave a crystalline residue which was extracted with chloroform; removal 
of the chloroform gave a gum which was dissolved in pyridine (30 ml) and treated 
with acetic anhydride (30 ml) for 24 h. The solution was poured into water, and the 
solid was collected and crystallised from pyridine-water to give 5,6-di-U-acetyl-I,3- 
anhydro-2,4-0-benzylidene-D-glucitol (0.8 g) as prisms, m-p. 8 I-82’, [a]g f I I .o“ 
(c 3.0, dioxan) (Found:C, 66.6; H, 6.0. C17H2007 talc.: C, 67.1; H, 6.0%). Thep.m.r. 
spectrum of this compound is shown in Fig. r(a). 

1,3-Anhydro-2,4-0-benzylidene-D-glacitol (Compound A) 
The diacetate above (0.5 g) was added to methanol (25 ml) containing sodium 

(0.1 g) and, after 24 h, the solution was neutralised (2N suiphuric acid) and concen- 
trated. The residue was extracted with chloroform, and removal of the organic solvent 
gave I,3-anhydro-2,4-0-benmlidene-D-glucitol, which crystallised from chloroform- 
ethanol-light petroleum (b-p. 40-60”) as prisms, m.p. 121-123O, Ymax (lWjo1) 
3300 cm-l, RF [silica, benzene-methanol (4: I)] 0.45. (Found: C, 61.4; H, 6.4. Cl3Hl~Os 
dc.: C, 61.9; H, 6.3%). 
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5,6-Di-0-acetyi-I.3-anhydro-D-gIucitoZ (Compound C) 
A solution of 5,6-di-O-acetyl-z,gO-benzylidene-I,3-anhydro-D-glucitol (0.5 g) 

in ethyl acetate (25 ml), containing palladium-charcoal (IO%, 0.1 g), was hydro- 
genated until uptake of hydrogen (75 ml) was complete. Removal of the solvent and 
catalyst, and crystallisation from ethyl acetate-light petroleum (b.p. 4o-60”) gave 
5,6-di-0-acetyl-r,3-anhydro-D-glucitol (0.27 g) as needles, m.p. 88-89” (Found: 
C, 48.7: H, 6.6 GoHLsO~ talc.: C, 48.4; H, 6.4%). 

I&Anhydro-D-glucitol (Compound D) 
(a) After standing for 12 h at zoo, a solution of 5,6-di-0-acetyl-r.panhydro- 

D-glucitol (0.25 g) in methanol (5 ml) containing sodium (0.01 g) was neutralised 
(2N sulphuric acid) and concentrated to dryness. The residue was extracted with 
ethanol (IO ml), and the solution was filtered and concentrated. Crystallisation from 
ethanol-light petroleum (b-p. 4o-60”) gave I,3-anhydro-D-glucitol (0-13 g) as needles, 
m.p. g&99”, [z]g -I0 (c 6.0, Water) (Found: C, 43.7; H, 7.4. CaHl205 Calc.: C, 43-g; 

H, 7.3%). 
(b) I,3-Anhydro-2,4-0-benzylidene-D-glucitol (0.25 g) in absolute alcohol 

(IO ml) was hydrogenated at room temperature in the presence of palladium-charcoal 
(IO%, 0.05 g). Removal of the catalyst and solvent, and crystallisation of the residual 
gum from ethanol-light petroleum (b.p. 40-60”) gave 1,3-anhydro-D-glucitol, m.p. and 
mixed m-p. 98-99”. 

After 3 days at 2o”, a solution of I,3-anhydro-2,4-0-benzylidene-D-glucitol 
(0.3 g) and triphenylmethyl chloride (0.36 g) in pyridine (3 ml) was treated with acetic 
anhydride (3 ml), stood for a further 2 days, and then poured into ice-water. The 
precipitated solid was separated, and crystallised from acetone-water, to give 5-0- 
ace~l-I,3-anhydro-2,4-O-benzylidene-6-O-trityl-D-glucitol (0.45 g) as prisms, m-p. 
187-r 8g”, [a]g -45.5” (C 2.3, dioxan) (Found: C, 76. I ; H, 6.2. &H&6 talc.: C, 76. I ; 
H, 6.0%). The p.m.r. spectrum of (XX; R1 = CsHs, Re= Cl&-OC(CsHs)s) showed 
the following absorptions: 

z Muitiplicity Intensity 

2.40-2.92 multiplet 20 

4.45 singlet I 
4_5o-4.81 multiplet I 
4.89-5.37 multiplet 3 
5.40-5.75 multiplet 2 
6-55 doublet 2 
7.93 singlet 3 

Assignment 

Aromatic protons 
Benzylidene proton 
H-5 
H-2, H-3, H-4 
H-I 
H-6 
Acetate methyl 

2,4,5,6rTetra-0-acetyl-1,3-anhydro-D-glucitoZ 
I,3-Anhydro-D-glucitol (0.1 g) was treated in pyridine (3 ml) with acetic anhy- 
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concentrated. The residual gum was extracted with chloroform, and evaporation of 
the solvent and crystallisation of the residue (light petroleum, b.p. So-100”) gwe 
1,3-anhydro-2,4-U-benzylidene-6-U-ethyl-~-glucitol (0.05 g) as needles, m.p. 74-75”, 
[LY];~P -l-332” (c g-32, dioxan) (Found: C, 64-1; H, 7.2. CrsH200s talc.: C, 64-2; H, 7-2x). 
The compound was identical with the product described as “2,4-monobenzal-X,X’- 

anhydro-ethyl-hexitol” by Vargha Is. The p.m.r. spectrum of the product (CD% 
DsO shake) showed the following absorptions: 

t Mdtiplicity Intensity Assignment 

2.32-2.80 multiplicity 5 Benzylidene aromatic 

protons 

4.55 singlet I Benzylidene proton 
4.91-5.30 multiplet 3 H-2, H-3, H-4 
5.49-6-28 multiplet 3 H-I, H-5 
6.29-6.67 multiplet . 4 H-6, methylene of 

_. ethoxyl 
8.83 triplet (1:2:1) 3 Methyl of ethoxyl 

Acetylation of the product (acetic anhydride-pyridine), with crystallisation 
from ethanol, gave 5-O-acetyl-I,3-anhydro-2,4-O-benzylidene-QO-ethyl-D-glucitol as 

needles, m.p. 79-80”, [$, se f3_3” (c 1.80, dioxan) (Found: C, 63.1; H, 6.4. Cl7H2206 

cab: C, 63.3; H, 6.5%). The p- m-r. spectrum of the product is shown in Fig. I(C). 
(b) 5,6-Anhydro-2,4-O-be~~~dene-I-O-toluene-p-sulphonyl-D-glucitol (2.0 g) 

was added to a solution of sodium hydroxide (2~, 5 ml) in ethanol (20 ml), and the 
mixture was refluxed for z. h. The resulting solution was neutralised (2N sulphuric 

acid), and concentrated, and the residue was extracted with chloroform. Removal 
of the chloroform, and crystallisation from light petroleum (b.p. 6o-80”), gave the 

ethyl ether, m.p. and mixed m-p. 74-75”. 

5,6-Anhydro-2,4-O-benzvlidene-I-O-toluene-p-sulphonyl-D-glucitol (4.06 g) in 

benzyl alcohol (40 ml) was treated with sodium benzylate (prepared from 0.23 g 
of sodium) for 3 days at 20~. The solution was neutralised (2~ sulphuric acid) and 
washed with water, and removal of the benzyl aIcohol(66”, I mm) gave a gum which 

crystallised from ethanol to give 6-O-benzyl-2,4-U-benxylidene-I-U-toluene-p- 
sulphonyl-D-glucitol (2.51 g) as needles, m-p. Iog”, [a]2 f2g.3” (c 2.7, dioxan) 
(Found: C, 62.9; H, 6.1. S, 6.2. C27HsOOsS talc.: C, 63.0; H, 5.8. S, 6.2%). 

Acetylation (acetic anhydride-pyridine), with crystallisation from ethanol, 
gave 3,5-di-O-acetyl-6-O-benzyl-2,4-UO-be~lidene-I-O-toluene-p-sulphonyl-D-gluci- 
tol, as needles, m-p. 12o-121“, [cc]2 -8.5” (c 1.4, dioxan) (Found: C, 62.3; H, 6.0; 
S, 5.4. CsrHs4010S talc.: C, 62.2; H, 5.7; S, 5.4%). 
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2,4-O-Benzylidene-r,6-di-O-toIuene-p-suIphonyI-~-gIucitoI or 5,6-anhydro-2,4- 
0-benzylidene-I-O-toluene-p-sulphonyl-D-glucitol (2.0 g) was added to a solution 
of aqueous sodium hydroxide (2~, 5 ml) in benzy1 alcohol (20 ml) and heated for 
4 h at 80’ with stirring. After cooling and neutrakation (2~ sulphuric acid), the 
organic Iayer was concentrated, and the residue was crystaIlised from ethanol-light 
petroleum (b-p. 40-60”) to give r,3-anhydro-6-O-benzyl-2,4-O-benzyIidene-D-glucitol 
(0.6 g) as needles, m-p. 124’, [a] 2 f44.4O (c r-g, dioxan) (Found: C, 69.8; H, 6.5. 
C20HzeOs talc.: C, 70.2; H, 6.4%). The p.m.r. spectrum of the product (CD&, 
D20 shake) showed the following absorptions: 

t Mult@licity Intensity 

2.40-2.90 multiplet IO 

4.59 singlet I 
4.9x-5.35 multiplet 3 
5.46 singlet 2 

5.53-6.24 multiplet 3 
6.32 doublet 2 

Assignment 

Aromatic protons 
Benzylidene proton 
H-2, H-3, H-4 
Benzyl methylene 

protons 
H-r, H-5 
H-6 

Acetylation of the product (acetic anhydride-pyridine), with crystauisation 
from ethanol, gave 5-O-acetyI-r.3-anhydro-6-O-benzyl-2,~-O-be~lidene-~-glucitol 
(0.31 g) as prisms, m-p. 117-IIS”, [oL]~ +9-o” (c 2.4, dioxan) (Found: C, 68.7; H, 6.2. 
C22H2406 talc.: C, 68.8; H, 6.3%). The p.m.r. spectrum of the acetate (CDCIs, D20 
shake) showed the following absorptions: 

t Multiplicity Intensity Assignment 

2.38-2.85 multiplet 

4-54 singlet 

4.58-4-83 multiplet 

4-97-5-37 multiplet 

5-48 doublet 

5-55-5-90 multiplet 
6.20 doublet 

7.96 singlet 

IO Aromatic protons 
I Benzylidene proton 
I H-5 
3 H-2, H-3, H-4 
2 Ben@ methylene 
2 H-I 
2 H-6 
3 Acetate methyl 

Hydrogenation of the titled compound (PdC) gave r,3-anhydro-D-glucitol, 
m.p. and mixed m.p. g8-gg”. 
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Syntheses of r,5-anhydro-2,4-di-O-bemyl-D-glucitol and 2,4-di-O-acetyl-1,5- 
anhydro-D-glucitol are outlined. Some approaches to the synthesis of 1,5-anhydro- 
2,4-0-benzylidene-D-glucitol, which led to the alternative formation of the corre- 
spondifig r,panhydrohexitol, are discussed. Relevant properties of the parent 1,3- 
anhydro:D-glucitol and its derivatives are described, as is the evidence in favour 
of this novel structural formulation. 
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EXTENSION OF SUGAR CHAINS THROUGH ACETYLENIC 
INTERMEDIATES 
PART II1. DERIVATIVES OF I-HEPTYNE-L&CO- AND L-manno-3,4,5,6,7-PENTOL 

D. HORTON AND J. M. J. TRONCHET 

Department of Chemistry, The Ohio State University, Columbus. Ohio 432 IO (U.S. A.) 

(Received lMarch rrth, 1966) 

The acetylene function is a versatile group which can be employed in a wide 
range of synthetic reactions2. It has been utilized in the carbohydrate field for the 
total syntheses of meso and DL alditolss*4, and related derivative+e, from non- 
carbohydrate precursors. Hydroxylated, acetylenic derivatives are of interest as 
potential tranquilizers7. The present report* describes the synthesis of optically 
active, acetylenic sugar derivatives by the ethynylation of an aldehydo sugar derivative. 
Also described are methods for separation of the epimers formed in the reaction, 
procedures for configurational assignment at the newly formed asymmetric center, 
and applications of n.m.r. techniques for structural assignment. 

2,3:4,5-Di-O-isopropylidene-aZrlehyrlo-r_-arabinose (l), prepared through L- 

arabinose diethyl dithioacetal by a standard procedures, underwent reaction with 
ethynylmagnesium bromide in tetrahydrofuran at room temperature to give the 
mixed 3-epimeric heptyne derivatives (2 and 7) in almost quantitative yield. It was 
essential to maintain a large excess of acetylene in the system during the reaction, 
as otherwise the yieId of 2 and 7 was diminished by the condensation of two molecules 
of sugar derivative with one of acetylene, to give a high-boiling side-product. The 
product (2 and 7) showed the anticipated acetylenic hydrogen and C=C stretching 
frequencies in its infrared spectrum, at 3.06 p and 4.74 ,CJ, respectively. The acetylenic 
hydrogen signal at t-7.50 in the n.m.r. spectrum was very characteristic. The two 
epimers were resolved on thin-layer chromatograms, and the evidence of t.1.c. and 
integrated n.m.r. spectra provided the most reliable criteria of purity of the product. 

The two epimers were effectively separated by preparative, gas-liquid chromato- 
graphy (g.1.c.). The first component to be eluted, approximately 60% of the mixture, 
was obtained crystaIline, m.p. 67-69”, [&I f6” (chloroform), and subsequent degra- 
dation studies showed it to be the r_.-gluco epimer (2). The slower-moving component, 
about 40% of the mixture, was obtained as a liquid, [a]D -24” (chloroform), and 
this was subsequently shown to be the L-nzannu epimer (7). 

A procedure was sought that would provide a convenient separation of the 

epimers on a larger scale. Acetylation of the epimers 2 and 7 gave the corresponding 
J-acetates (3 and S), which were characterized by physical methods, but they proved 

*For a preliminary communication, see Ref. I. 
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difficult to separate in admixture on a preparative scale. The corresponding 3-benzoates 
(5 and 10) were also prepared, and were characterized by physical methods, but a 
suitable method for separation in admixture was not found. 

$ZCH CICH 
HOFH RO$H 

M.,C~~ -&C J!% 

/Oh 

‘O+H 

M+C 1 

,OCH 

‘Oct.+ 
M02C. I 

OCHz 

HF=CH2 
HOFH 

,OCH 

e& 1 
0CH2 

H$‘O 

3 
~~2?, I 

OCH 

,O;H 

‘“*z=, I 
OCHz 

2 

$SCH 

HCOH 

hw2C,3 
O+H 

,OCH 

MepC, I 
OCH, 

3 R=Ac 6 
4 R= 3.5-dinitrobanroyl 

5 R=Bz 

HEzcH 

HC= CH2 

;+!I 

HqOH 

O$H 
MezC,S 

,OCH 
Mc$ I 

,OkH 

‘OCHZ 
%=, I 

OCHz 

7 8 R=Ac II 

9 RR 3.5-dinrtrobenzoyl 

10 R= Etz 

Acylation of the mixed epimers (2 and ?) with 3,5-dinitrobenzoyl chIoride gave 
the crystalline, mixed, 3-epimeric 3,5-dinitrobenzoates 4 and 9 in essentially quanti- 
tative yield. Recrystallization of this mixture several times from ethyl aicohol gave 

the pure L-manno epimer (9) in 36% yield (32% overall from 1); its melting point 

(167.~167.5”) and specific rotation (+2.g“) did not change on further recrystal- 
lization, and it was identical with a sample of 9 which had been prepared by 3,5- 
dinitrobenzoylation of the pure epimer 7 obtained by g.1.c. of the mixture of 2 and 7. 
The mother liquors from the crystallization of 9 contained the I-gluco epimer (4) 

almost exclusively (50% overall yield from l), and recrystallization gave pure 4, 

m.p. 134.5-135.5”, [‘+I -19.5”. 
Proof of configuration of 2 and its derivatives (3, 4, and 5), and of 7 and its 

derivatives (8, 9, and lo), was achieved by two independent degradative routes. In 

the first route, the heptyne derivatives were degraded by C-1-C-2 cleavage to the 
corresponding hexoses. Conditions were established with the mixed heptyne deriva- 

tives (2 and 7) for hemihydrogenation to the corresponding heptenes (6 and 11): 
over a partially poisoned palladium catalyst (Lindlars catalyst). N.m.r. spectroscopy 
provided a very sensitive index of the progress of the reaction; the sharp one-proton 

doublet at T 7.50 for the aeetylenic hydrogen disappeared, and was replaced by a 

three-proton multiplet in the vinyl region (Z 3.6%4.95). Over-reduction was indicated 

by the appearance of a triplet at t 8.82 and a quartet at t 6.38, due to an ethyl group, 
and a diminution in the intensity of the vinyl signals. Different batches of catalyst 
required different lengths of time for hemihydrogenation, but, in each instance, it was 
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possible to interrupt the hydrogenation when all of the acetylene had been reduced 
(but no reduction of the alkene had occurred). Each batch of catalyst was evaluated 
by reduction of the model alkynols 3-methyl-r-butyn-3-01 and 3-methyl-r-pentyn- 
3-01 to the corresponding alkenes; n.m.r. data for the model-compounds and their 
reduction products are recorded in the Experimental section. The heptyne derivatives 
(2 and 7) were separately reduced to the heptenes (6 and 11)9 and each product 
was subjected to ozonolyjrsis. The “ozonides” were cleaved by hydrogenolysis, and 
the resultant 3,4:5,6-di-0-isopropylidene-alfzydo-L-hexoses were hydrolyzed to the 
free hexoses. The hexose obtained from 2 was chromatographically indistinguishable 
from a glucose, and that from 7 was indistinguishable from a mannose, indicating 
that 2 and its derivatives have the L-gluco configuration, and 7 and its derivatives 
have the L-manno configuration. Some arabinose was present in each hydrolysis 
product, and it was probably formed by additional cleavage during the ozonolysis 
step. When the degradation was repeated with the corresponding 3-acetates 3 and 8, 
the extent of degradation to arabinose was much diminished, and the hexoses formed 
were again glucose and mannose, respectively. The overall sequence of conversions 
from 1 constitutes a method for chain ascent in the sugars. 

0 ,CH2. 
H2 03 

0 
H2 

HF=O H+ 

2-6- A-0’ - HOCH - L -glucose 

HO& R 

k 

H2 03 

O/CHk 
/O H2 

T-k-0 
q=o H+ 

7-II- - HCOH - L - monnosa 

H?OH k 

L 

,=,+r 
0 0 

/c-2 
0 H 

R= H2C-c-c- -c- 
H 1 H 0 

The second sequence for proof of the configuration of 2 and 7 sets out from 
the crystalline 3,5_dinitrobenzoates 4 and 9, and the final products were characterized 
on a crystalline basis. The less-soluble isomer (9) of the two 3+dinitrobenzoates 
was saponified to give 7, and the isopropylidene groups were removed by hydrolysis 
with 60% acetic acid to give the heptynepentol 12, which was converted into the 
pentaacetate 13. Ozonolysis of 13 for an extended period of time gave penta-O- 
acetyl-L-mannonic acid (14), in 41% overall yield from 9. The latter reaction10 
was first applied in the carbohydrate field by Raphael, for the conversion of 
I-pentyne-DL-er#zro-3,4,5-trio1 into DL-erythronic acid-l. Saponification of the penta- 
acetate 14 gave L-mannonic acid (151, which was converted into L-mannono-r,4- 
lactone (16). The latter was identified by chromatography, by its sign of rotation, 
and by the fact that the X-ray powder difFraction pattern of the crystalline material 
was identical with that of a sample of the authentic D enantiomorph. Similarly, the 
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3,5-dinitrobenzoate 4 was deacetonated, and the product was converted, by way of 
the heptynepentol 17 into the pentaacetate 18. Ozonolysis of the latter gave penta- 
0-acetyk-gluconic acid (19), which, on hydrolysis followed by treatment with 
phenylhydrazine, gave crystalline L-gluconic acid phenylhydrazide (20). The X-ray 
powder diffraction pattern of 20 was identical with that of an authentic sample of 
the D enantiomorph. An alternative conversion of 4 into 20 was effected by ozono- 
lysis of 4, followed by hydrolysis, and conversion of the resultant D-glucono-r,4(and 
r,+lactones into 20. 

MeO- H’ H?OR 
s-7 - 

03 HFOR - 0 

ROFH 
ROTH 
H&OR 

12 R=H I4 R=Ac 16 

13 R=Ac 15 R=H 

$_=CH FOZH FONHNHPh 

1. H* ROCH AcO$H I. r+ HOCH 

4 HCOH 
2. Mao- 

- HFOR A H$OAc 
RO$H AcO$H 

P.PhNHNHZ Ho,LH 

ROFH AcO$H iiOiH 

H$OR HZCOAc 2~~0~ 

17 R=H 19 20 

18 R=Ac 

It is possible to correlate the appearance of the n.m.r. signal for H-3 with the 
configuration at C-3 in the heptyne derivatives. The spectra of 2 and 7 are not 
suitabIe for exact analysis, owing to coupling of the hydroxyl proton with H-3, and 
because the H-3 signal occursclose to the multiplet “envelope” of signals for hydrogens 
on the rest of the chain. The H-3 signal is, however, shifted to low field in the 
acylated derivatives, and coupling of this proton to H-I and H-4 can be observed. 
All of the derivatives showed coupling of H-r with H-3, Jr,3 2.2-2.3 c.p.s. The r_-gluco 
derivatives 3, 4, and 5 all showed larger coupling of H-3 with H-4 (Js,4 3.6-4.0 c.p.s.) 
than the corresponding L-manno derivatives 8, 9, and 10 (Js.4 2.4-2.9 c.P.s.). This 
observation may be of general utility for assignment of configuration at the newly 
formed asymmetric center in derivatives of this typell. The data indicate that the 
stereoelectronic requirements of the various ester functions (OR’) exceed those of 

OR’ 

H 0. 

* HCSZC H 

R 

PR’ 
H 

* 

01 

H Cdl-! 

R 

A a 

the ethynyl group, so that the favored rotamer state of the r.-gluco derivatives 3, 
4, and 5 is that indicated in A, wherein the OR’ group is antiparallel to C-5 and the 
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rest of the sugar chain (R), and the favored rotamer state in the L-manno derivatives 
8,9, and 10 is B, having a similar disposition of the R and OR’ groups. The observed 
J&4 couplings, which will reflect a population-weighted time-average of the three 
rotamer states, are greater for 3, 4, and 5 (large contribution from rotamer A, with 
antiparallel H-3 and H-4) than for 8, 9, and 10 (large contribution from rotamer B, 
with gauche H-3 and H-4). 

EXPERIMENTAL 

General methods 
Solutions were concentrated below 40~ under diminished pressure. Melting 

points were determined with a Thomas-Hoover melting-point apparatus (Arthur 
H. Thomas Co., Philadelphia, Pennsylvania) and are uncorrected. Specific rotations 
were determined in a 2-dm polarimeter tube. Infrared spectra were measured with 
a Perk&Elmer Model 137 “Infracord” infrared spectrometer. Nuclear magnetic 
resonance spectra were measured at 60 Mc.p.s. with a Varian A-60 n.m.r. spectro- 
meter. Chemical shifts are given on the 5 scale, and spectra were measured, unless 
otherwise stated, at ca 30” with solutions (ro-20%) in deuteriochloroform, with 
tetramethylshane (t 10.00) as the internal standard. Deuteration was effected by 
shaking the prepared sample with one drop of deuterium oxide. Spectra were analyzed 
on a first-order basis. Microanalyses were determined by W. N. Rond. X-Ray powder 
diffraction data give interplanar spacings, A, for CuK, radiation. Relative intensities 
were estimated visually: s, strong; m, moderate; w, weak; v, very. The strongest 
lines are numbered (I, strongest); double numbers indicate approximately equal 
intensities. Thin-layer chromatography was performed with Desaga equipment, 

with silica gel G (E. Merck, Darmstadt, Germany) activated at I roe as the adsorbent. 
Indication was effected with sulfuric acid. 

4,5:5,7-Di-O-isopropyli~ene-r-keptyne-r-gluco(and L-manno)-3,4,5,6,7-peitrol(2 and 7) 
A solution of ethylmagnesium bromide, prepared in dry tetrahydrofuran 

(300 ml) from magnesium (4.00 g) and ethyl bromide (20 ml), was added dropwise 
to tetrahydrofuran (600 ml) saturated with acetylene at room temperature. A stream 
of acetylene was passed through the solution throughout the addition, and for I h 
afterwards. To the resultant solution of ethynylmagnesium bromide was added 
slowly, with stirring, a solution of freshly prepared, freshly distilled 2,3:4,5-di-U- 
isopropylidene-alde/zydo-L-arabinoses (1, 22.0 g) in tetrahydrofuran (100 ml). A slow 
stream of acetylene was passed through the solution throughout the addition, and 
subsequently for a further 3 h. The solution was concentrated to 300 ml, ether (300 ml) 
was added, and the solution was washed at o” with three 4oo-ml portions of 10% 
aqueous ammonium chloride, three 4oo-ml portions of water, and dried (magnesium 
sulfate). Evaporation of the solution gave the product as a syrup which crystallized 
partially upon refrigeration, yield 22.0 g (90%). This product contained none of the 
starting material, and was composed almost exclusively of the two 3-epimeric heptyne 
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derivatives, as revealed by t.1.c. (4:1 benzene-methanol) and g.1.c. (see below). A 
sample distilled at 0.1 mm Hg furnished the analytical sample. 

Anal. Calc. for C13Hz005: C, 60.92; H, 7.86. Found: C, 61.02; H, 7.88. 
The n.m.r. spectrum of this product gave only those signals anticipated for a 

mixture of 2 and 7. In five such experiments, the yields were in the range 8592%. 

Separation of the J-epimers 

The product from the preceding preparation was resolved by preparative g.1.c. 
on a Beckman GC2A gas chromatograph (Beckman Instruments, Inc., Fullerton, 

California) equipped with a thermal conductivity detector and a IO ft x 5/8 in stain- 
less-steelcolumnpacked withCarbowax*zoM(15%)onChromosorb* W(6o-Ioomesh). 
The carrier gas was helium at an inlet pressure of 30 lb. in-z, and samples (0.3-0.6 g 
in 2-3 ml of chloroform) were injected manually, with the column temperature 
initially at 2oo”, rising to 240’ during 80 min. Two components were eluted, having 
retention times 122 and 136 min, in the weight ratio of 3:2. The components were 
completely separated from one another, and no other components were detected in 

the samples. The component eluted first, identified (by subsequent conversions) 
as 4,5:6,7-di-O-isopropylidene-I-heptyne-L-gluco-3,4,5,6,7-pentol (2), crystallized 
spontaneously; it had m.p. 67-69”; [& 1-6 &I” (c 3, chloroform)**; &0.80(4:1 
benzene-methanol) ; ;ZE 2.9 I (OH), 3_ I I (C-CH), 4.74 (C-C), 7.25, 7.3 I ,u (CMe2) ; 

n.m.r. data (deuteriochloroform): t 8.52, 8.57, 8.64 (3-, 6-, and 3-proton singlets, 
CMez), t 7.50 (r-proton doublet, shifts to t 7.68 at lower concentration, .71,3 2.3 c_p_s., 
H-I), T 6.53 (r-proton broad doublet, shifts to higher field at lower concentration, 
OH), t 5.8o-6.10, 6.27-6.39 (multiplets, 5 protons, H-4,5,6,7,7’), t 5.41 (r-proton 
multiplet, H-3); X-ray powder diffraction data: 10.22 s (2,2), 7.90 s (2,2), 5.73 w, 

5.54 vs (I,I), 4.95 vs ([,I), 4.64 m (3,3), 3.97 m (4), 3.75 m (3,3), 3.24 w, 3.09 vw, 
2.97 VW, 2.48 vw, 2.40 VW, 1.99 w. 

Anal. Calc. for ClsH2005: C, 60.92; H, 7.86. Found: C, 60.94; H, 7.94. 
The product having retention time of 136 min, 4,5:6,7-di-O-isopropylidene- 

r-heptyne-L-n;mmo-3,4,5,6,7-pent01 (7) was obtained as a liquid, [c@ -24 fr” 
(~2.3, chloroform)**; RF 0.66 (4:r benzene-methanol); 2::: 2.93 (OH), 3.06(C-CH), 
4.72 (C=C), 7.26, 7.32 ,u (CMe2); n.m.r. data (deuteriochloroform): t 8.56, 8.65, 
8.75 (singlets, 12 protons CMez), t 7.50 (r-proton doublet, shifts to t 7.67 at lower 
concentration, .?1,3 2.3 c.p.s., H-I), t 7.02 (r-proton broad singlet, shifts to higher 
field at lower concentration, OH), T 5.76-6.1 I, 6.25-6.36 (multiplets, 5 protons, 

H-4,5,6,7,7’), 5 5.48 (r-proton multiplet, H-3). 
Both products were homogeneous by t.1.c. 

3-0-AcetyI-4,5:6,7-di-O-isopropylidene-I-izeptyne-L-gluco(a?zd r_-manno)-j,g,5,6,7- 
pent01 (3 and 8) 

A solution of the mixed epimers (2 and 7, g.r g) in pyridine (20 ml) was treated 

*Analah, Inc., Hamden, Connecticut. 
**The signs of rotation of 2 and 7 were inadvertently reversed in Ref. I. 
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with acetic anhydride (20 ml). After 18 h at room temperature, the mixture was 
poured into water, stirred for 30 min, and the product was extracted with dichloro- 
methane. The extract was washed at o” with N hydrochloric acid, water, dried (mag- 
nesium sulfate), evaporated, and the product distilled at 0.15 mm Hg to give the 
mixed epimeric 3-acetates (3 and S), yield 8.14 g (76%); b.p./o.I5 mm 10%109”; 
RF o-96 (4:1 benzene-methanol); 221 3.09 (C=CH), 4.72 (C=C), 5.72 y (OAc). 

Anal. Calc. for ClSH”_206: C, 60.39; H, 7_43_ Found: C, 59-92; H, 7.74. 
Acetylation of 2 under the above conditions gave the L-@co epimer (3), 

RF 0.96 (4:1 benzene-methanol); n.m.r. data (deuteriochloroform): t 8.54, 8.58, 
8.62 (6-, 3-, and 3-proton singlets, CMea), z 7.87 (3-proton singlet, OAc), t 7.49 
(I-proton doublet, J1,3 2.2 c.p.s., H-r), T 5_5o-6.12 (5-proton multiple& H-4,5,6,7,7’), 
t 4.46 (r-proton quartet, Js,4 3.8 c.p.s., H-3). Acetylation of 7 gave the L-MUKZ~O 
epimer (S), RF 0.96 (4:1 benzene-methanol); n.m.r. data (deuteriochloroform): 
t 8.53, 8.63, 8.72 (6-, 3-, and j-proton singlets, CMe2), t 7.85 (pproton singlet, OAc), 
t 7.51 (r-proton doublet, J1,3 2.2 c.p.s., H-I), t 5.45-6.15 (5-proton multiplet, 

H-4,5,6,7,7’), t 4.36 (r-proton triplet, Ja,4 2.4 c_p.s., H-3). 
The mixture of 3 and 8 gave an n.m.r. spectrum corresponding to a 3:2 mixture 

of the two isomers. 

3-O-(~,~-Dinitrobenzoyl)-q,5:6,7-di-O-isopropyZidene-r-l~eptyne-L-manno-~,~,~,6,7- 

pentoz (9) 

To 3,5-dinitrobenzoyl chloride (20.5 g) in benzene (I 1) was added dropwise, 
with stirring at o”, a solution of the mixed epimers 2 and 7 (15.3 g) in pyridine (50 ml). 
The mixture was kept 30 min at o”, and 18 h at room temperature, 5 ml of water 
was added, and, after I h, ether (300 ml) was added. The solution was washed at 
o” with water, N hydrochloric acid, 0.5N sodium hydroxide, and water, dried (mag- 
nesium sulfate), and evaporated, to give the mixed 3-epimeric 3-(3,5-dinitrobenzoates) 
(4 and 9) as a solid, yield 25 g (93.5%); m.p. g7-151”; RF 0.82 (I:I benzene-ether). 

Five recrystallizations from ethanol gave the pure wnmmo epimer (9) as fine needles, 
yield 9.6 g (36%), m-p_ 167-o-167.5”; [cz]~ +2.g io.8” (c 2, chloroform); RF 0.82 
(I:I benzene-ether); I.:?: 3.08 (C=CH), 4.73 (C!=C), 5.76 (OAc), 6.14 (aryl), 6.46 
(NOs), 7.24, 7.28 (CMes), 7.44,~ (N0.s); n.m.r. data: t 8.46, 8.50, 8.53, 8.62 (3-proton 
singlets, CMee), t 7.28 (r-proton doublet, J1,a 2.3 c.p.s., H-I), T 5.50-6.18 (5-proton 
multiplet, H-4,5,6,7,7’), t 3.98 (r-proton triplet, Ja,4 2.7 c.p_s_, H-3), z 0.60 (3 protons, 
aryl); X-ray powder diffraction data: 9.61 VW, 8.84 w, 8.12 w, 7.31 m, 6.37 s (6), 

5.13 vs (2), 5.04 vs (I), 4.67 m, 4-52 vw, 4.21 s (5), 4.08 vw, 3.82 s (3,3) 3.63 s (3,3), 
3.47 s (4). 3-38 VW, 3.18 VW, 3.01 w, 2.67 m, 2.55 w, 2.43 W, 2.35 VW. 

Anal. Chic. for CseHs~Ns010: C, 53.33; H, 4.92; N, 6.22. Found: C, 53.29; 
H, 5.03; N, 6.33. 

A sample of 7, which had been isolated by g.1.c. of the mixture of epimers, 
was acylated with 3,5_dinitrobenzoyl chloride by the foregoing procedure, to give 
9, m.p. 166.5-167.5O, identical with the product obtained from the mixed epimers, 
by mixed m.p., X-ray powder diffraction pattern, and i.r. and n.m.r. spectra. 
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~-O-(~,~-DinitrobenzoyZ)-q,~:6,~-di-O-isopropyIidene-~-heptyne-~-gluco-~,~,~,6,~- 

pentoI (4) 

The mother liquors from the foregoing preparation from the mixed epimers 
(2 and 7) contained almost exclusively the L-gkco derivative (4), crude yield 15 g 
(56x), and it was obtained pure after several recrystallizations (from ethanol) to 
constant specific rotation; yield 4.16 g (15.5%); m.p. 134.5-135.5O; [a]g -19.5 &O-8” 
(c 2.1, chloroform); RP 0.82 (I:I benzene-ether); 2::: 3.11 (C=CH), 4.71 (C=C), 
5.77 (C=O), 6.12 (aryl), 6.40 (NOe), 7.23, 7.30 (CMez), 7.44 p (NOs); n.m.r. data: 
t 8.46, 8.53, 8.62, 8.65 (3-proton singlets, CMee), t 7.30 (r-proton doublet, Ji,3 

2.3 c.p.s., H-I), z 5.48-6.19 (5-proton multiple& H-4,5,6,7,7’), t 4.10 (t-proton 
quartet, J&4 4.0 c.p.s., H-3), t 0.76 (3 protons, aryl); X-ray powder diffraction data: 

10.69 m, 9.40 TV, 8.08 m, 6.76 r-n, 5.59 vs (I), 5.04 w, 4.67 s (3,3), 4.35 s (3,3), 4.00 s 
(2), 3.76 vw, 3.65 vw, 3.44 w, 3.26 w, 3.12 vw, 2.91 VW, 2.83 VW. 

Anal. Calc. for C2oH 22 2 N 0 10: C, 53.33; H, 4.92; N, 6.22. Found: C, 53.36; 
H, 5.06; N, 6.38. 

A mixture of 4 and 9 melted unsharply over the range 114-125~. 

~-O-Benzoyi-~,~:6,~-di-O-isopropylidene-l-lreptyne-~-gluco (and L-manno)-3,4,5,6,7- 
pentoi (5 mzd 10) 

The heptyne derivatives 2 and 7, which had been separated by g.l.c., were 
separately benzoylated. Each derivative (500 mg) in pyridine (IO ml) was treated 
with benzoyl chloride (0.5 ml), and the reaction mixture was processed by the pro- 
cedure used for the 3,5_dinitrobenzoates, to give the 3-benzoates 5 and 10 as oils in 
essentially quantitative yield. The I-gluco isomer 5 had RF 0.93 (4: I benzene-methanol); 

n.m.r. data: t 8.41,8.4g, 8.65,8.68 (J-proton singlets, CMee), z 7-27 (r-proton doublet, 
.&a 2.3 c-p-s., H-I), z 5.5o-6.16 (5-proton multiplet, H-4,5,6,7,7’), t 4.11 (I-proton 

quartet, J&4 3.6 c-p-s., H-3), t 1-91, 2-54 (multiplets, 5 protons, Ph). The L-nzanno 

isomer 10 had RF 0.93 (4:1 benzene-methanol), i.‘um ,XS.Y 3,09 K=CH), 4.71 (C=C), 5.80 
(OBz), 7.25, 7.32 (CMes), 6.23 ,u (a@); n.m.r. data (deuteriochloroform): t 8.52, 
8.58, 8.68 (3-, 6-, and 3-proton singlets, CMe2), t 7.30 (I-proton doublet, JIrs 2.3 
c.p_s., H-I), t 5.58-6.06 (5-proton multiplet, H-4,5,6,7,7’), T 4-10 II-proton triplet, 
&,a 2.9 c.p.s., H-3) t 1.92, 2.56 (multiplets, 5 protons, Ph). 

Anal. (for 10): Calc. for C2OHi?406: C, 66.65; H, 6.71. Found: C, 66.61, H, 6.79_ 

4,5:6,7-Di-O-isopropyiidene-~-heptent-L-,oluco(and r_-manno)-3,4,5,6,7-pentol 
(6 mzd 11) 

To a solution of the mixed epimeric heptynes (2 and 7, 4.0 g) in cyclohexane 
(IOO ml) and ethyl acetate (IOO ml) was added freshly prepared Lindlar catalyst9 
(2g) and quinoline (I g). The mixture was shaken in an atmosphere of hydrogen 
at a pressure of 15 lb.in-2 until 1 mole/mole of hydrogen had been absorbed (35- 
40 min). The catalyst was filtered off, the filtrate was washed at o” with N hydrochloric 
acid, and water, and the dried (magnesium sulfate) organic layer was evaporated to 
give the mixed 3-epimeric heptenes (6 and 11) as an oil; yield, essentially quantitative; 
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A&% 2.91 (OH), 6.07 (CHs=CH), 7.26, 7-32 ,U (CMe2); n.m.r. data: t 8.60,8.63, 
8.68 (singlets, 12 protons, CMe2), t 5.67-6.25 (7-proton multiplet, H-3,4,5,6,7,7’, OH), 
t 3.68-4.95 (s-proton multiplet, H-1,1’,2). 

Anal. Calc. for C13H2205: C, 60.44; H, 8.58. Found: C, 60-39; H, 8_59_ 
When the time of reduction was increased, the n.m.r. spectrum showed appear- 

ance of a triplet, ‘c 8.82, and a quartet, t 6.38, having coupling J 7 c.p.s. and intensity 

ratios characteristic of the ethyl group. Different batches of catalyst required dif- 
ferent reaction times for reduction to the alkene without further reduction to the 
saturated derivative. 

Reduction of 3-methyl-r-butyn-3-01 and 3-methyl-r-pentyn-j-ol to the corresponding 
alkenes 

The alkyne derivatives were reduced over Lindlar catalyst, essentially by the 
procedure of the preceding experiment, to establish the optimum time of reduction 
for each batch of catalyst, and the extent of conversion was determined by n.m.r. 
spectroscopy_ The butyne derivative, n-m-r. data (neat liquid): z 8.48 (6-proton 

singlet, Me), r 7.43 (r-proton singlet, H-I), t 5.63 (r-proton singlet, OH), was converted 
into 3-methyl-r-buten-X-01, n.m.r. data (neat liquid): t 8.78 (6-proton singlet, Me), 
t 6.05 (I-proton singlet, OH), t 5.10 (I proton, Jl,l’ 1.7 c.p.s., J~,z 10.0 c.p.s., H-I), 

T 4.87 (I proton Jr’,2 18.0 c.p.s., H-I’), r 4.02 (I proton, H-2). Similarly, the pentyne 
derivative, n.m.r. data (neat liquid): T 8.98 (3-proton triplet, J~,s 7 c_p.s_, H-5), t 8.53 
Q-proton singlet, 3-Me), z 8.30 (a-proton multiplet, H-4), z 7.48 (r-proton singlet, 
H-I), t 6.03 (r-proton singlet, OH), was converted into 3-methyl-r-penten-3-01, 
n.m.r. data (deuteriochloroform): t 8.85 (g-proton triplet, J~,s 7 c.p_s., H-5), t 8.48 
(3-proton singlet, 3-Me), r g-or--8.61 (3 protons, H-4, OH), t 4.55 (I proton, JI,~’ 
1-7 c.p.s., Jl,z IO c.p.s., H-I), T 4-51 (I proton, JI,Z 17.5 c.p.s., H-I’), T 3.77 (I proton, 
H-2). 

Concersion of 2 (or 3) into a glucose and 7 (or 8) into a mannose 
The crystalline heptyne derivative 2, m.p. 67-69”, [a]~ +6” (40 mg) in cyclo- 

hexane (50 ml), ethyl acetate (50 ml), and quinoline (I drop) was hydrogenated over 
Lindlargcatalyst (0.1 g) for I h under 15 Ib.in-2pressure.The mixture was filtered,anda 
stream of ozonized oxygen was passed through the filtrate for I h at room temperature. 
Adams catalyst (platinum oxide) (0.1 g) was added, the mixture was hydrogenated 
for I h under 15 lb-in-2 pressure, and filtered, and the filtrate was washed at o” 

with N hydrochloric acid, and water, dried (magnesium sulfate), and evaporated. 
The product, which gave a positive Schiff test, was heated in I% aqueous sulfuric 
acid (50 ml) for 3 h at 95”, the solution was neutralized with barium carbonate, 

filtered, and the filtrate was treated with a I:I mixture (20 ml) of Dowex-5o (H+) 
and Dowex-1 (OH-) ion-exchange resins. The solution was evaporated, and the residue 
was compared by paper chromatography with reference samples of D-glucose, 
D-mannose, and L-arabinose. The product contained a major component and a minor 
component, as revealed by aniline hydrogen phthalate12 or silver nitrate-sodium 

Curbohychte Res., z (1966) 315-327 



324 D. HORTON, J. M. J. TRONCHET 

hydroxidels. The major component was indistinguishable from a glucose, the minor 
component was indistinguishable from an arabinose, and no component corres- 
ponding to a mannose was observed, in each of the following solvent systems: 
4: 1:5 butyl alcohol-ethanol-water (upper phase), 45:5:4g: I butyl alcohol-ethanol- 
water-ammonium hydroxide (upper phase), 6:4:3 butyl alcohol-pyridine-water, 
and 5:7.2:2:2 propyl alcohol-benzyl al;ohol-85°~ formic acid-water. 

When the procedure was repeated with the 3-acetate 3, an essentially similar 
result was obtained, except that the proportion of glucose to arabinose in the final 
product was greater. 

The same degradation was applied to the noncrystalline heptyne derivative 7, 
[CC]D -24O. Paper chromatography, with the same systems as previously used, revealed 
that the product contained a component indistinguishable from a mannose, and a 
component corresponding to an arabinose. No component corresponding to a 
glucose was observed. Degradation of the corresponding 3-acetate (8) gave an 
essentially similar result, except that a greater proportion of mannose to arabinose 
was observed. 

Conversion of 9 into L-mamono-r,+Zactone (16) 
A solution of the 3,5-dinitrobenzoate 9, m.p. 166.5-x67.5”, (1.00 g) in methanol 

(IO ml) was treated with a catalytic amount of sodium methoxide for 2 h at room 
temperature, the precipitated methyl 3,5dinitrobenzoate was removed, the filtrate 
was deionized by treatment with Dowex-5o (H+) ion-exchange resin, and the solution 
was evaporated_ The residue was heated with 60% aqueous acetic acid (50 ml) for 
I h at g5”, the solution was concentrated to 20 ml, and water was added to precipitate 
residual methyl 3,5_dinitrobenzoate. The mixture was filtered, and the filtrate was 
evaporated to give r-heptyne-L-nzunno-3,4,5,6,7-pent01 (12) as a white solid. The 
latter was dissolved in pyridine (IO ml), acetic anhydride (IO ml) was added, the 
mixture was kept overnight at room temperature, poured into ice and water, and 
the mixture was extracted with chloroform. The extract was washed successively 
at o” with water, N hydrochloric acid, and aqueous sodium bicarbonate, and dried 
(magnesium sulfate). Evaporation of the solution gave L-manno-3,4,5,6,7-penta- 
acetoxy-I-heptyne (13) as a syrup; Amrn max 3.09 (C=CH), 4.72 (CrC), 5.75,~ (OAC). 

A stream of ozonized oxygen was passed through a solution of the foregoing 
product (13), in carbon tetrachloride (IOO ml), for 6 h at o”. Water (IOO ml) was 
added, the mixture was evaporated until the carbon tetrachloride had been removed, 
and the remaining aqueous solution was maintained for 15 min at 60-70”. The 
strongly acidic solution was neutralized with sodium hydrogen carbonate, and washed 
with dichloromethane (200 ml), and the aqueous layer was acidified with N hydro- 
chloric acid, and extracted with dichloromethane (200 ml). The organic extract was 
washed with water, dried (magnesium sulfate), and evaporated, to give penta-O- 
aCetyl-L-mannOniC acid (14), yield 372 mg (41% from 9); A:\% 3.42, 3.92 (COzH), 
5.77 p 0% C02H). 

A solution of 14 (185 mg) in methanol (IO z_I! was treated with 3 molar equiva- 
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lents of sodium methoxide; a white precipitate formed-After 2 h at room temperature, 
the mixture was decationized by shaking with an excess of Dowex-5o (H+) ion- 
exchange resin, whereupon the precipitate redissolved. Evaporation of the methanolic 
solution gave L-mannonic acid (15) as a partially crystallized syrup, yield 51 mg 
(-60%). This product (IO mg) in N hydrochloric acid (0.5 ml) was heated for 30 min 

at g5”, and the solution was evaporated, and examined by paper chromatography 
(3:1:3 ethyl acetate-acetic acid-water) and by t.1.c. with “Avicel-Technical Grade” 
microcry alline cellulose14 (4~~5 butyl alcohol-ethanol-water, upper phase), with 

\ hydroxyla ine-ferric chloride15 as the detecting reagent. Reference samples of 
D-mannonic acid and D-gluconic acid were submitted to a similar acid treatment. 
The product gave a single component (on the chromatograms) which was indistin- 
guishable from a mannono-I,4-lactone (16). The remainder of the L-mannonic acid 
(40 mg) was evaporated four times with propyl alcohol containing a trace of hydro- 
chloric acid, and the crystalline L-mannono-r,4-lactone (16) was washed with propyl 

alcohol; yield 30 mg (37%); [LY]~ ca -40~ (30 min, water) [IiLls [+ -51.8” (water)]; 
X-ray powder diffraction data: 15.06 w, 8.96 vw, 6.97 vw, 5.88 m, 5.1 I s (3), 4.57 s (4), 
4.2ovs(1),3.98 VW, 3.75 m (6), 3.54 m, 3.21 s (21, 2.87 s (5), 2.71 w, 2.56 m, 2.43 WV, 
2-38 VW, 2.24 w, 2.14 w, 2.07 VW. A sample of D-mannono-r,4-lactone, m-p. 151”, 
gave an identical X-ray powder diffraction pattern. 

Comersion of 4 into L-gluccnic acid phenyrhydrazide (20) 
A solution of the 3,5-dinitrobenzoate 4, m.p. 134.5-135.5”, (0.85 g) in 60% 

aqueous acetic acid (50 ml) was heated for I h at 95O, and then evaporated. The 
residue was dissolved in methanol (IO ml), a trace of sodium methoxide was added, 
and, after 2 h at 22O, the solution was filtered, decationized by shaking with Dowex-5o 
(Hi) resin, and evaporated, to give syrupy r-heptyne-L-gluco-3,4,5,6,7-pent01 (17). 
The latter was acetylated, the resultant pentaacetate (18) was ozonized, and the 
product was purified, essentially by the procedure used for conversion of 12 into 
14, to give 2,3,4,5,6-penta-O-acetyl-L-@conic acid (19) as a partially crystallized 

syrup, yield 2~0 mg. A solution of 19 in N hydrochloric acid (IO ml) was heated for 
2 h at g6”, and then evaporated. Chromatographic examination of the product, 
with the systems used for characterization of the lactone 16, revealed two components, 
whose chromatographic properties were indistinguishable from those of D-glucono- 
r,4-lactone and D-glucono-1,5-lactone. Subjection of calcium D-gluconate to the 
hydrolytic conditions used with 19 gave a mixture of the two D-gluconolactones, 
chromatographically indistinguishable from the hydrolyzate from 19. The mixture 
of L-gluconolactones from 19 (ca 50 mg) was heated with acetic acid (0.05 ml) and 
phenylhydrazine (0.05 ml) for 2 h at g6”, and the product was purified by chromato- 

graphy on microcrystalline cellulose 14, to give crystalline L-gluconic acid phenyl- 
hydrazide (20), RF 0.47 (4:1:5 butyl alcohol-ethanol-water, upper phase); X-ray 
powder diffraction data: 13.10 vs (1,&I), 7.56 m, 5.41 VW, 5.04 vs (I,I,I), 4.55 vs 

(I,I,I), 4.32 m (3), 4.00 m (2), 3.77 VW, 3.55 VW, 3.39 m (4), 3.20 W, 3-09 VW, 2.70 W, 
2.59 w, 2.25 w. 
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A sample of D-gluconic acid phenylhydrazidel’ had the same RP value, and 
gave identical X-ray powder diffraction data. 

In a second experiment, a stream of ozonized oxygen ‘was passed for 6 h at o” 
through a solution of the 3,5-dinitrobenzoate 4 (0.76 g) in carbon tetrachloride 
(IOO ml). Water (IOO ml) was added, the carbon tetrachloride was removed by evapo- 
ration, and the remaining aqueous solution was kept for 15 min at 60-70~. The solution 
was neutralized with sodium hydrogen carbonate, and washed with ether (200 ml), 
and the aqueous layer was acidified with N hydrochloric acid, and the product 
extracted with ether (2 x200 ml). The extract was washed with water, dried (mag- 
nesium sulfate), and evaporated, and the residue was heated for 2 h at 95” with 
N hydrochloric acid (IO ml). The mixture was filtered, and the filtrate was evaporated 
to give a syrup, yield 250 mg (83x), which, by chromatography with the systems 
used for the lactone 14, was shown to consist, almost exclusively, of the glucono- 
r,g(and r,5)-la&ones. The product could be converted into crystalline L-gluconic 
acid phenylhydrazide (20), identical in all respects with the product prepared by the 
preceding route. 
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SUMMARY 

Ethynylation of 2,3:4,5-di-O-isopropylidene-aMe&&-L-arabinose (1) gave 
a high yield of the 3-epimeric heptyne derivatives 2 and 7, separable by preparative 
g.1.c. or by fractional recrystallization of the derived 3,fdinitrobenzoates 4 and 9. 
Proof of configuration of 2 and 7 was effected by ozonolysis of the derived alkenes 6 
and I1 to give derivatives of L-glucose and L-mannose, respectively_ A second proof 
was afforded by conversion of 2 and 7 into the corresponding pentaacetoxyheptynes 
18 and 13, followed by ozonolysis to give derivatives of L-gluconic and L-mannonic 
acids, respectively. Differences in the n-m-r. spectra of the two series of heptyne 
derivatives were correlated with the difFerence in configuration at C-3. 
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BRAUNUNGSREAKTIONEN UND FRAGMENTIERUNGEN VON 
KOHLENHYDRATEN 
l-nm m. iiBER REAKTIONEN DES DIHYDROXYACETONS MIT AMINEN UND AMINOSA~N* 

K. HEYNS, U. SAGE, mm H. PAULSEN 

Chemisches Sfaazsinstitur, Institat fir Organische Chemie, UnioersiGt Hamburg (Deutschland) 

(Eingegangen den 4. Februar, 1966) 

EiNFihELUNG 

Dihydroxyaceton reagiert bei erhohter Temperatur mit Verbindungen, die 
primare Aminogruppen besitzen, sehr rasch unter Bildung tiefhraun gefgrbter 
polymerer Substanzen, die als Melanoidine bezeichnet werden. Diese Reaktion 
verhiuft, Bhnlich wie bei Hexosenr, fiber eine komplizierte Reaktionsfolge, wobei 
zahlreiche verschiedenartige Zwischenprodukte auftreten kiinnen. 

DISKUSSION 

Setzt man Dihydroxyaceton (I) jedoch unter milden Bedingungen bei niedriger 
Temperatur mit prim&en Aminen urn, so lassen sich labile, farblose, kristaliisierte 
PrimHrprodukte abfangen. Diese Produkte stellen Ketosylamine (III) dar, die sich 
vom dimeren Dihydroxyaceton (11) ableite+. Sie werden analog der N-Glycosid- 
bildung der Hexosen auf folgendem Wege gebildet : 

CH*OH 
I 

2 c=o _ 

I 
+2 RNH2 

CH,OH 
--2H z 

I c III 

Die Struktur der Ketosylamine ergibt sich aus folgenden Eigenschaften: Die 
Elementaranalyse zeigt, dass sie aus den Reaktionspartnern unter Wasserabspaltung 
entstanden sind. Im I.r.-Spektrum frisch dargestellter Praparate tritt die Absorptions- 
bande der C=N-Doppelbindungs bei r6go-1640 cm-l praktisch nicht auf. Es kann 
also nicht eine einfache Kondensation zur Schiffschen Base eingetreten sein. Beim 
Behandeln mit verdiinnter Salzsiiure werden die Ketosylamine leicht hydrolysiert 
und als Spaltprodukte lassen sich chromatographisch nur die Ausgangsverbindungen 
nachweisen. Die Ketosylamine sind so wenig stab& dass beim Versuch der Um- 
krisrallisation oder beim Stehen bei Zimmertemperatur innerhalb kurzer Zeit Zerset- 

*Teil II: K. HEYNS, R. S~vrr, uh H. SCHARMANN, Tetrahedron, im Druck. 

Carbohydrate Res., 2 (1966) 328-337 



tiBER RJZAKTIONEN DES DIHYDROXYACETONS 329 

zung eintritt. Aus diesem Grunde liess sich das Molekulargewicht nicht sicher 
bestimmen. 

Die Ketosylamine schmelzen unter Zersetzung. Eine Ketosylamin-Umlagerung 
zum entsprechenden Derivat des 2-Amino-%desoxyglycerinaldehyds konnte in 
keinem Falle beobachtet werden. Statt dessen trat bei Einwirkung katalytischer 
Sguremengen stets Braunung und gleichzeitige Hydrolyse ein. 

Prey und Unge+ haben vermutlich ein 2hnliches Ketosylamin aus Athylen- 
diamin und Dihydroxyaceton dargestellt. Das von ihnen erhaltene Reaktions- 
produkt bestand jedoch aus zwei Komponenten und wurde als ein Gemisch aus 
monomerem Halbaminal und Schiischer Base angesprochen. 

Weiterhin wurde die Reaktion von Aminos2uren mit Dihydroxyaceton unter- 
sucht, wobei insbesondere folgende Aminosauren eingesetzt wurden: Glycin, Sarcosin, 
Alanin, Phenylalanin, Tyrosin, Methionin, Lysinhydrochlorid, Argininhydrochlorid, 
GlutaminsHure; als Liisungsmittel wurden Wasser (so”, go”), Methanol (so”), 
Athanol (50”, 78”) und Dimethylformamid (50°, go”) verwendet. 

Eine papier- und diinnschichtchromatographische Untersuchung aller Reak- 
tionsliisungen ergab, dass Ketosylaminosauren und durch Ketosylamin-Umlagerung 
daraus entstandene Aldoseaminos%rren (Glycerinaldehyd-Aminosauren) im Reak- 
tionsmilieu nicht nachweisbar sind. Schon bei 50” fiihrt die Reaktion allgemein 
schnell zur Bildung von Melanoidinen, ohne dass eine Anreicherung eines Inter- 
medi&-produktes zu beobachten ist. 

Aus einer wgsserigen Reaktionslosung von Dihydroxyaceton und Glycin liessen 
sich jedoch durch Extraktion wghrend der ablaufenden Brgunungsreaktion zwei 
interessante Zwischenprodukte isolieren : Allomaltol (IX) und N-(Methylpyron-4- 
yl-5)glycin (VIII). Die Extraktion erfolgte mit 15 1 Chloroform, welche im Verlauf 
von 30 Stunden durch die Reaktionslosung getropft wurden. Mit dieser Arbeitsweise 
kann man die kontinuierliche Extraktion so schonend ausfilhren, dass die Abtrennung 
der empfindlichen Zwischenprodukte neben der schnell ablaufenden Br&rnungs- 
reaktion mijglich ist. 

Allomaltol (IX) wurde mit einer Ausbeute von ca. I% aus dem Extrakt einer 
bei 55” ablaufenden Br&mungsreaktion isoliert. Es wurde mit einem nach Yabutas 
und Browns dargestellten PrHparat durch Vergleich der p-Toluolsulfons2iureester 
identifiziert. LBsst man die gleiche Brgunungsreaktion von Dihydroxyaceton mit 
Glycin bei 40~ ablaufen, so wird bei der Chloroformextraktion kein Allomaltol 
isoliert, sondern in ebenfalls etwa 1’4 Ausbeute %(2-Methylpyron-4-yl-5)glycin 
(VIII). Die Struktur von VIII ergibt sich aus folgenden Befunden: Die wgssrige 
Losung der-Substanz reagiert sauer. Bei der potentiometrischen Titration in Aceton 
erhalt man eine Titrationskurve mit nur einem Wendepunkt; es liegt demnach eine 
einbasische !?&ure var. Durch Umsetzung mit Diazomethan entsteht der Methylester 
von VIII. Bei der Hydrolyse von VIII durch Kochen mit verdihurter Salzssure werden 
Ahomaltol (Ix) und Glycin als Spaltstiicke erhalten. Demnach kann das durch 
Hydrolyse abgespaltene Glycin nur am Kohlenstoffatom 4 oder 5 des Methyl- 
pyronylringes gebunden gewesen sein. Diese Tatsache wird durch die N.m.r.-Spektro- 
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skopie bestgtigt : das Spektrum des Methylesters von VIII zeigt ebenso wie das des 

Allomaltols zwei verschiedene Vinylprotonen an, zu denen kein weiteres Proton 
benachbart angeordnet ist. 

Im I-r.-Spektrum zeigt VIII eine scharfe N-H-Absorptionsbande bei 3400 cm-r, 
der Methylester von VIII bei 3325 cm- 1. Umsetzung von VIII und des Methylesters 
von VIII mit Isoamylnitrit fiihrt zu den entsprechenden Nitrosaminen, in deren 

I.r.-Spektren die Absorptionsbande der N-H-Valenzschwingung fehlt. Bei beiden 
Nitrosaminen ist die Liebermannsche Reaktion positiv. Die Extraktion des Reak- 
tionsansatzes von Dihydroxyaceton und Glycin ergab somit bei 40” als Zwischen- 
produkt nur N-(Methylpyronyl)glycin (VIII), bei 55” dagegen nur Allomaltol. Ein 
bei 50” durchgefiihrter Versuch lieferte ein Gemisch von Allomaltol und VIII. Diese 
Befunde lassen sich damit erkllren, dass VIII das primgre Zwischenprodukt dar- 
stellt, welches bei hoherer Temperatur in wgssriger Lbsung sekundsr hydrolysiert 
wird. Der umgekehrte Reaktionsverlauf - die Reaktion von Allomaltol mit Glycin 
zu VIII - lasst sich in wassriger Losung nicht realisieren. Durch direktes Zusammen- 
schmelzen von Allomaltol mit Glycin ist dagegen N-(Methylpyronyl)glycin in einer 
Ausbeute von 45% der Theorie darstellbar. 

Auch bei der Reaktion von Alanin und Norvalin mit Dihydroxyaceton hisst 
sich Allomaltol isolieren, das in ahnlicher Weise wie beim Glycin iiber das N-(Methyl- 
pyronyl)alanin bzw. iV-(Methylpyronyl)norvalin entstanden sein dilrfte. Diese 
beiden AminosCrederivate werden offenbar noch leichter hydrolysiert als VIII, denn 
durch Extraktionen bei niedriger Temperatur konnten beide Verbindungen nicht 
aufgefunden werden. 

Bei der Reaktion von Alanin mit Dihydroxyaceton liess sich Methylglyoxal 
als Zwischenprodukt in geringer Menge nachweisen. Die Methylglyoxalbildung ist 
sowohl sCiure- als such basen-katalysiert, so dass sein Auftreten in der Reaktions- 
losung zu erwarten ist7,*. Da es eine wesentlich hohere Reaktivitst als das Dihydroxy- 
aceton besitzts, kann es sich nicht in wesentlicher Menge anreichern. Der Nachweis 
des Methylglyoxals (XII) ist deswegen bemerkenswert, weil es eine zentrale Stellung 
in der Maillard-Reaktion der Triosen einzunehmen scheint. Insbesondere reagiert 
XII leicht mit Aminoszuren, wobei gemass Schema XIII-XVIII ein Abbau nach 
StreckerlO eintritt. Dabei geht XII in das wenig stabile Aminoaceton XVI iiber. 
Der aus der Aminosaure XIII entstandene Aldehyd XVIII wird zum Teil in das 
Melanoidin eingebaut, moglicherweise durch eine Mannich-Reaktion mit dem 
gleichzeitig entstehenden Aminoaceton. 

Urn einen Einblick in das Ausmass des Stieckerschen Abbaus bei der Reaktion 
von Dihydroxyaceton mit Aminos2uren zu gewinnen, wurde der bei dieser Reaktion 
gebildete entsprechende Aldehyd quantitativ bestimmt : Alanin und Dihydroxyaceton 
(Molverhaltnis 1:2) wurden zusammen in wassriger Losung am Riickfluss gekocht. 
Durch das Reaktionsgefass wurde ein schwacher Stickstoffstrom geleitet. Der 
Gasstrom trug den entstandenen Acetaldehyd in eine hinter dem Riickflusskiihler 
angeschlossene Kiihlfalle. Nach 5-5 Stunden wurde die Reaktion abgebrochen und 
51% des eingesetzten Alanins zuriickgewonnen. Verlangerung der Reaktionsdauer 
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vergrijssert die Aldehydausbeute kaum, da das Dihydroxyaceton praktisch voll- 
St&dig mmgesetzt ist. Die in der Kiihlfalle bestimmte Aldehydmenge entsprach 
23% des eingesetzten Alanins. Demnach haben unter diesen Reaktionsbedingungen 
Alanin und Dihydroxyaceton im Molverhaltnis 1:4 mit einander reagiert, wobei 
mindestens die Hglfte des umgesetzten Alanins zu Acetyldehyd abgebaut worden ist. 
Sicher ist der Anteil des Alanins, welcher iiber den Strecker-Abbau in Acetaldehyd 
iiberfiihrt wurde, noch gr&ser, da mit der beschriebenen Versuchsanordnung der 
unmittelbar in das Melanoidin eingebaute Acetaldehyd im Destillat nicht mit erfasst 
wird. 

Bei der Umsetzung anderer Aminosiiuren mit Dihydroxyaceton wurden die 
entsprechenden, durch Strecker-Abbau gebildeten Aldehyde erhalten, wie aus 
TabeIle I ersichtlich. Daneben wurden in kleinen Mengen andere Carbonylverbin- 
dungen nachgewiesen. Identifiziert wurden davon die in Tabelle I als Nebenprodukte 
aufgefiihrten Acroleinderivate. Sie diirften in jedem Fall aus den als Hauptprodukt 
entstandenen Aldehyden durch Aldolkondensation und anschliessende Wasser- 
abspaltung entstanden sein. 

TABELLE I 

STRECKERSCHER ABBAU 

Hauptprodukt Nebenprodukt 

Alanin Acetaldehyd 
a-Amino-n-butterslure Propionaldehyd a-Methyl-@-5thylacroIeiu 
Valin Isobutyraldehyd 
Norvalin Butyraldehyd a-Ethyl-p-propylacrolein 
Leucin t%Methylbutyraldehyd 
Norleusin n-Valeraldehyd a-Propyl-@butylacrolein 

Versucht man, bei der Umsetzung von Glycin mit Dihydroxyaceton mit der gleichen 
Versuchsanordnung die entstandenen Aldehyde abzudestiIIieren, so erh%It man nur 
eine geringe Destillatmenge, die hauptsZchlich aus Diacetyl neben wenig Methyl- 
glyoxal besteht. 

Die beste Erklarung fiir das Auftreten des Diacetyls XXIV bietet eine Aldo- 
lisierungsrealction, bei der sich das Glycin - vermutIich als SchifYsche Base - an 
MethylgIyoxaI anlagert zu (XX), welches dann gemgss Schema (XXI) - (XXIV) 
weiterreagiert. Die p-Eliminierung bei XXI sollte begiinstigt sein, da die Doppel- 
bindung in (XXII) zu einer Carbonyl- und einer Carboxylgruppe in Konjugation 
steht. XXII wird nach Umlagerung zurtautomeren p-Ketosgure (XXIII) zu Diacetyl 
(XXIV) decarboxyliert. 

In dem Formelschema (IV-XXIV) sind die bei der Umsetzung von Dihydroxy- 
aceton mit AminosZiuren aufgefundenen Reaktionen zusammengefasst. Die iZbersicht 
IZsst drei Reaktionswege erkennen: Vom Dihydroxyaceton diirfte nach Reaktion 
mit Glycin zu IV-V und ausschliessender Reaktion von V mit Methylglyoxal XII 
zu VI ein direkter Weg iiber das N-(Methylpyranyl)glycin VIII zum Allomaltol IX 
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ftihren (I-IV-IX). Auch bei den beiden anderen Wegen, dem Strecker-Abbau (XIII- 
XVIII) und der Diacetylbildung (XX-XXIV), sollte Methylglyoxal eine entschei- 
dende Zwischenstufe sin. 

EXPERIMENTELLER TEIL 

Darstellung der Ketosylamine des Dihydroxyacetons 

Man lost 0.1 I Mol des umzusetzenden Amins in IO ml absolutem Methanol 
oder ffthanol und setzt unter Riihren 0.1 Mol Dihydroxyaceton zu. Nach kurzer 
Zeit hat sich das Dihydroxyaceton gel&t, die Viskositgt des blabgelben Gemisches 
steigt langsam an und es bilden sich bereits Kristalle. Die Mischung wird rasch auf 
etwa o0 gekiihlt und zur Vervolbtandigung der Kristallisation 24 Stunden lang bei 
- 15~ aufbewahrt. Danach wird das zum Kristallkuchen erstarrte Reaktionsgemisch 
dreimal in Methanol aufgeschlammt und scharf abgesaugt. Man wascht mit etwas 
lither nach und trocknet das Produkt sofort im Vakuum iiber Blaugel.Die getrocknete 
Substanz ist in den meisten F$illen analysenrein und bei Aufbewahrung im Tief- 
ktihlschrank wochenlang haltbar. Folgende Ketosylamine wurden dargestellt : 

N-Dihydroxyacetonyl-gthanolamin aus 6.7 g Athanolamin und 9.0 g Dihydroxy- 
aceton. Farblose Kristalle, die sich relativ rasch unter Braunfsrbung zersetzten, 
Fp. 71-73~ (Zers.), Ausb. 8.2 g (62% d.Th.) (Gef. : C, 44.62; H, 8.10; N, 10.85. 
CloHasNsOs ber. : C, 4510; H, 8-33; N. 10.52%) 

Dihydroxyacetonyl-n-butylamin aus 8.0 g n-Butylamin und 9.0 g Dihydroxy- 
aceton. Farblose Kristalle, Fp. 66-67” (Zers.), Ausb. 7.5 g(52% d.Th.) (Gef. : C, 58.29; 
H, 10.45: N, g-68. Cl~HsoNs04 ber. : C, 57.90; H, 10.41; N, 9.65%). 

Dihydroxyacetonylcyclohexylamin aus 10.9 g Cyclohexylamin und 9.0 g 
Dihydroxyaceton. Farblose Kristalle, Fp. 79-81” (Zers.), Ausb. 8.2 g (48% d.Th.) 
(Gef. : C, 6r.95; H, 9.89; N, 7.80. ClsHsaNs04 ber. : C, 63.12; H, 10.01; N, S.IS%). 

Dihydroxyacetonyl-n-octylamin aus 14.2 g n-Octylamin in 20 ml abs. Methanol 
und 9.0 g Dihydroxyaceton. Farblose Kristalle, Fp. 66-68” (Zers.), Ausb. 15.9 g 
(79% d.Th.) Gef. : C, 65.65; H, 11.42; N, 7.20. &H~cN~O~ ber. : C, 65.63; H, 11.52; 
N, 6.96%). 

Dihydroxyacetonylbenzylamin: 9.0 g Dihydroxyaceton wurden in 20 ml abs. 
Methanol heiss gel&t, auf 10~ abgekiihlt und I 1.8 g Benzylamin zugesetzt. In der 
Kalte farblose Kristalle, Fp. 77.5-79” (Zers.), Ausb. 14.1 g (79% d.Th.) (Gef. : C66.27; 
H, 7.21; N, 7.76. C20HssNs04 ber. : C, 67.02; H, 7.31; N, 7.81%). 

Dihydroxyacetonyl-8-phenylgthylamin aus 13.3 g /LPhenylathylamin und 
9.0 g Dihydroxyaceton. Farblose Kristalle, Fp., 73.5-74O (Zers.,) Ausb. I 1.6 g (60% 
d_Th.) (Gef. : C, 67-92; H, 7.62; N, 7_rg_ C22HaoNaO4 ber. : C, 68.35; H, 7.82; 

N, 7.25%). 
Dihydroxyacetonylglycingthylester aus I 1.3 g Glycingthylester und g-o g 

Dihydroxyaceton. Farblose Kristalle, Fp. 87-88” (Zers.), Ausb. 3.9 g (22% d.Th.) 
(Gef. : C, 47.63; H, 7.34; N, 7.71. ClHasNzOs ber. : C, 47.99; H, 7.48; N, 8.00%). 

Dihydroxyacetonylanilin aus 10.2 g Anilin und 9.0 g Dihydroxyaceton. Gelb- 
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lithe Kristalle, die nach zwei Monate langem Stehen im Tiefkiihlschrank isoliert 
wurden, Fp. r18-119.5” (Zers.), Ausb. 2.2 g(13% d.Th.) (Gef. : C, 63.83; H, 6.81; 
N, 8.24. ClsHzzNz04 ber. : C, 65.44; H, 6.7r; N, 8.48%). 

Hydroiyse der Ketosylamine 

Das Ketosylamin (0.2 g) wurde in 2 ml 2~ Salzs%rre oder 2~ Essigslure bei 
Raumtemperatur gel&t und mit 4 ml Methanol verdiinnt, wobei sofort Hydrolyse 
e&rat. Das Hydrolysat wurde durch Papierchromatographie unter Verwendung 
der LZjsungsmittelgemische Pyridin-n-Amylalkohol-Wasser (7:7:6) und sec. Butanol- 
Eisessig-Wasser (70:7:23) mit den Ausgangssubstanzen verglichen. 

Allomaltol 

Glycin (15 g) und Dihydroxyaceton (18 g) wurden in 180 ml Wasser gel&t 
und bei einer Reaktionstemperatur von 55’ kontinuierlich mit Chloroform extrahiert 
(ca. 300 ml Chlf/Std.) Der Extrakt der ersten 4 Stunden, der ausser Dihydroxyaceton 
nur geringe Mengen AIlomaItol enthielt, wurde verworfen. Die vereinigten Extrakte 
der nachsten 20 Stunden wurden im Vakuum zum Sirup eingeengt, der Riickstand 
vierma1 mit je 25 ml Methylenchlorid ausgekocht. Das Methylenchlorid wurde unter 
vermindertem Druck abdestihiert und ergab als Riickstand ein sirupartiges Roh- 
produkt von Allomaltol. Zur Reinigung wurde in gleicher Weise mit Methylenchlorid 
ausgekocht, wobei die Verunreinigungen unliislich blieben. Nach Einengen und Subli- 
mation im Vakuum (12 Torrjr roe Badtemperatur) ergaben sich 180 mg [x.4”% d.Th.). 
Gelbliche Kristalle, Fp. ~52-153~ (Lit. 153”). Das I.r.-Spektrum stimmte mit dem 
von synthetischem Allomaltol iiberein. (Gef. : C, 57-04; H, 4.89; C~H603 ber. : 

c, 57-14; H, 4.80%). 

p-Toluolsulfoonsrter’ des Allomaltols 

. Allomaltol (70 mg) wurde in 2 ml abs. Pyridin gel&t und bei o0 mit 0.3 g 
p-ToIuoIsuIfochIorid versetzt. Nach einer Stunde wird mit 20 ml Wasser verdiinnt. 
Der Toluolsulfon&ureester scheidet sich langsam kristallin ab. Farblose Kristalle, 
Fp. I2g--130°, Ausb. 106 mg (68% d.Th.): Fp. 132-133~ &I). (Gef. : C, 55-77; 
H, 4.38; S, 11.34. CrsH1205S ber. : C, 55.73; H, 4.32; S, 11.44%). 

N-(2-Methylpyron+-yZ-j)giycin durch Extraktion 

Glycin (15 g) und Dihydroxyaceton (18 g) wurden in 180 ml Wasser gel&t 
und bei einer Reaktionstemperatur von 40” kontinuierlich mit Chloroform (ca. 500 ml 
Chlf/Std.) extrahiert. Der Extrakt der ersten 5 Stunden wurde verworfen, da er 
praktisch ausschliesslich Dihydroxyaceton enthielt. Der Extrakt der nschsten 
40 Stunden wurde zum Sirup eingeengt und in Methanol aufgenommen. Durch 
mehrfach fraktionierte Kristahisation aus abs. Methanol oder abs. ffthanol wurden 
150 mg rohes Methylpyronylglycin erhalten. Das Rohprodukt wurde durch Subli- 
mation bei 17o-r85~/0.0r Torr gereinigt. Fast farblose Kristalle, Fp. 205-208~ 
(Zers.), Ausb. 130 mg (0.7% d.Th.) (Gef. : C, 52.63; H, 4.87; N, 7.82. CsHgN04 
ber. : C, 52.45; H, 4.95; N, 7.65%). 
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N-(2-MethyIpyron-4-yI-5lglycin aus Allomaltol 
Allomaltol (20 g) und Glycin (20 g) wurden zusammen fein gepulvert 2.5 

Stunden auf 155~ erhitzt. Das Gemisch schmolz unter Braunfgrbung und Gasent- 
wicklung. Nach dem Abkiihlen wurde die gepulverte erstarrte Schmelze zweimal 
mit je 50 ml kaltem Methanol extrahiert. Der ungeloste Filterrtickstand wurde dreimal 
mit Methanol ausgekocht, das Ungeliiste mit 20 ml Wasser ausgezogen und das in 

Wasser Unlosliche nach dem Trocknen nochmals mit Methanol ausgekocht. AuS 
den methanolischen Lijsungen fiel beim Erkalten das Methylpyronylglycin in gliin- 

zenden Blattchen aus. Das Rohprodukt wurde bei 17o-185~/0.01 Torr sublimiert. 

Fast farblose Kristalle, Fp. 208-212” (Zers.), Ausb. 13-2 g (45% d.Th.) (bezogen 
auf Ahomaltol). (Gef. : C, 52.25; H, 4.94; N, 7.77 CsHgN04 ber. : C, 52.45; H, 4.95; 

N, 7.65%). 

Methylpyronylglycin (5 g) wurde in IOO ml siedendem Methanol geliist. Die 
Lijsung wurde rasch unter 25O gekiihlt und, ehe die Kristallisation des Methyl- 
pyronylglycins begann, solange mit atherischer Diazomethanlijsung versetzt, bis die 

Stickstoffentwicklung beendet war. Dann wurde am Rotationsverdampfer zur 
Trockene eingedampft und der Riickstand zuerst aus Benzol-Petrolather, danach 
aus Tetrachlorkohlenstoff umkristallisiert. Gelbliche nadelfiirmige Kristalle, Fp. 
86-87”, Ausb. 2.4 g (45% d.Th.) (Gef. : C, 5444; H, 5.75; N, 7.11. CsHrlNO4 ber. : 
C, 54.82; H, 5.63; N, 7.10%). 

N-Nitroso-N-(z-methylpyron-&yI-s)glycin 
Methylpyronylglycin (5.5 g) wurde in 55 ml Methanol aufgeschlammt und in 

drei Portionen mit insgesamt 9.0 ml Isoamylnitrit versetzt. Nach einigem Stehen 
loste sich das gesamte feingepulverte Methylpyronylglycin auf. Die Losung wurde 
im Vakuum bei 35” Badtemperatur zum Sirup eingeengt, der bald danach kristal- 
lisierte. Umkristallisation aus Methanol und Alkohol-Benzol. Blassgelbliche Kristalle, 
Fp. 136137”, Ausb. 2.8 g (44% d.Th.) (Gef. : c, 45-q; H, 3.84; N, 13-17_ CsHlsNsOs 
ber. : C, 45.29; H, 3.80; N, 13.21%). 

N-Nitroso-N-(methylpyronyl)glycin (1.0 g) wurde in 20 ml abs. Methanol geliist 
und mit einer zquivalenten Menge Sitherischer Diazomethanlosung versetzt. Die 
erhaltene Losung wurde im Vakuum zum Sirup eingeengt und aus Benzol-Petrol- 
zither kristallisiert. Blassgelbliche Kristalle, Fp. 75-76”, Ausb. 0.75 g (70% d.Th.) 
(Gef. : C, 47.82; H, 4-53; N, 12.24. CgHroNsOs ber. : C, 47.79; H, 4.46; N, 12.39%). 

Hydrolyse des N-(z-methylpyron-.+yl_5lglycins 
Methylpyronylglycin (323 mg) wurde in 5 ml Wasser Unter ZUsatZ von 0. I ml 5~ 

Salzsgure 2 Stunden am Riickfluss gekocht. Die braunlichgelbe Lijsung wurde 
viermal mit je 5 ml Chloroform ausgeschtittelt. Nach dem Abdampfen des Chloro- 
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forms wurden 210 mg Allomaltol (94% d.Th.) erhalten, Fp. 15~151~. Die extra- 
hierte w%srige Liisung wurde zur Trockene eingedampft und das im Trocken- 
riickstand enthaltene Glycin mit Benzoylchlorid in Hippursaure umgewandelt. 
Ausb. g5 mg Hippurssure (30% d.Th.). 

Methylglyoxal 

Alanin (18 g) und Dihydroxyaceton (18 g) wurden in 180 ml Wasser bei einer 
Reaktionstemperatur von &’ kontinuierlich mit 6 1 Chloroform 20 Stdn. extrahiert, 
wobei in Fraktionen von je I Stunde Extraktionsdauer unterteiitwurde. DieFraktionen 
g-17 wurden bei 30” Badtemperatur im Vakuum auf co. IO ml eingeengt. Diinn- 
schichtchromatographie auf Kieselgel G flaufmittel : Essigester-2-Propanol (IO: I), 
Spriihreagens : 2,+Dinitrophenylhydrazin,gesattigte LSsung in 2~ HCI] zeigt Methyl- 
glyoxal, welches bei 100” aus der Diinnschicht verdampft. Isolierung erfolgte durch 
Saulenchromatographie auf Kieselgel mit gleichem Lijsungsmittelgemisch; Identi- 
8zierung als Bissemicarbazon und als Bis-2,+dinitrophenylhydrazon durch I.r_- 
Spektrum und Mischschmelzpunkt. 

Fhkhtige Carbonyiverbindungen 

Die Aminosaure wurde mit dem Dihydroxyaceton im Molverhgltnis 1:2 in 
wassriger Losung am Riickflusskiihler erhitzt, der aus einem Thermostaten mit 55” 
warmem Wasser gespeist wurde. In den Reaktionskolben wurde ein langsamer 
Stickstoffstrom eingeleitet, der die fliichtigen Carbonylverbindungen durch den Riick- 
flusskiihler austrug. An den Riickhusskiihler angeschlossen waren zwei hinter- 
einandergeschaltete Kiihlfallen, von denen die erste durch ein Eisbad gekiihlt wurde. 
In ihr befand sich nach Beendigung des Versuchs fast ausschliesslich Wasser. Die 
zweite Kiihlfalle, die mit Trockeneis-Methanol gekiihlt wurde, enthielt die fliichtigen 
Carbonylverbindungen. 

Beispiel: Umsetzung von cr-Aminobuttersriirre zu Propionaldehyd und a-Methyl-p- 
6thyZcrotonaZdehyd 

cx-Amino-n-buttersgure (10.3 g) und Dihydroxyaceton (18.0 g) wurden in 
150 ml Wasser am Riickfluss erhitzt. Der Inhalt der Kiihlfallen wurde mit 225 ml 
der 2,4-Dinitrophenylhydrazinlijsung gefallt. Das Hauptprodukt erwies sich als 
2,+Dinitrophenylhydrazon des Propionaldehyds. Bei der Diinnschichtchromato- 
graphie der Dinitrophenylhydrazone wurde eine weitere Substanz isoliert, die in 
roten Blattchen kristallisierte; sie wurde durch Vergleich der &-Werte, der I-r.- 

Spektren, Fp. und Misch-Fp. als 2,+Dinitrophenylhydrazon des a-Methyl+-athyl- 
crotonaldehyds identifiziert. 

ZUSRMMENF ASSUNG 

Dihydroxyaceton reagiert mit prim&en Aminen bei niedriger Temperatur 
unter Bildung von dimeren Ketosylaminen, die nur als Kristalle stabil sind. 
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Methylglyoxal ist bei der Reaktion von Dihydroxyaceton mit Aminosauren 
ein wichtiges Zwischenprodukt, welches iiber den Strecker-Abbau die Aminosliuren 
in Aldehyde iiberftihrt. Glycin bildet im Gegensatz zu den anderen Aminosauren 
mit Dihydroxyaceton nur wenig fliichtige Carbonylverbindungen, unter denen 
Diacetyl bevorzugt auftritt. Allomaltol wurde als Nebenprodukt der Reaktion von 
Glycin mit Dihydroxyaceton erhalten, die hauptsachlich .zu Melanoidinen ftibrt. 
Die Vorstufe des Allomaltols ist N-(z-methylpyron-4-yl-5)-glycin, welches isoliert 
und mit einem direkt aus Malt01 und Glycin synthetisierten Produkt identitiiert 
wurde. 

SUMMARY 

Dihydroxyacetone reacts with primary amines at low temperature to form 
dimeric ketosylamines, which are stable only in the crystalline state at low temperatures. 

In the reaction of dihydroxyacetone with amino acids pyruvic aldehyde seems 
to be an important intermediate. This causes the Strecker degradation of amino acids 
to aldehydes. In contrast to other amino acids , glycine reacts with dihydroxyacetone 
to give small proportions of volatile carbonyl compounds, in which diacetyl predo- 
minates. Allomaltol is isolated as a by-product from the reaction of dihydroxy- 
acetone with glycine, which leads primarily to melanoidins. In this case, the precursor 
of allomaltol, which is N-(z-methylpyron-+yl-s)glycine, has been isolated_ This 

compound was synthesised by meltin g allomaltol and glycine, and its structure 
proved by the preparation of derivatives. 
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Preliminary communication 

Migration of sulfate groups of chondroitin sulfates 
at elevated temperatures 

In connection with structural studies on sulfated polysaccharides, we have 
found that a migration of sulfate groups occurs in chondroitin sulfates when they 
are heated in the free-acid form. 

Chondroitin +sulfate calcium salt, isolated from whale cartilagel, was dissolved 
in water, and the solution was poured onto a column of Dowex 50 (Hi form), which 
was washed with water. The acidic fractions were collected and lyophilized. The free 
chondroitin +sulfuric acid thus obtained was dried at room temperature over P2O5 
in vacua overnight, and then heated at 100~ for 6 h in vacua. This heated free acid was 

I , 
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I 1 I 1 

10 9 8 7 
Frequency (100 cm-‘) 

Fig. I. Changes in the infrared spectrum of whale chondroitin 4-sulfate caused by elevated tempera- 
ture. (I) Chondroitin 4-sulfate calcium salt; (II) chondroitin 4-sulfuric acid after heat treatment; (III) 
calcium salt of (II&These spectra were taken as potassium bromide discs,on 2.omg of substance, on a 
Hitachi EPI infrared spectrophotometer Model SII. 
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dissolvedinwater, and the calcium salt was precipitated with two volumes of ethanol, 
in the presence of calcium acetate, at pH 5.0. 

The changes in the infrared spectrum of whale chondroitin 4-sulfate caused by 
elevated temperature are shown in Fig. I. When the free acid was heated, the absorption 
bands at 850 cm-l and 928 cm-l corresponding to the axial sulfate group2s3 dis- 
appeared, and a strong absorption band in the 820 cm-l region, corresponding to an 
equatorial sulfate group2.3, appeared. The spectrum, thus, became apparently identical 
with that of chondroitin 6-sulfate. 

On the other hand, the spectra of the chondroitin 6-sulfatea, that was treated 
in a similar manner, were the same before and after heat was applied. 

The change of infrared spectra was not observed when chondroitin 4-sulfate 
was treated as follows: (I) the free acid was kept in the solid state or in water solution at 
room temperature for IO days; (2) the solution of the free acid was immediately 
neutralized, after passing through Dowex 50 (Hf form), and then was lyophilized. 
The salt form was stable when heated at 100” for 6 h. These experiments indicate that 
heat treatment causes the sulfate groups of chondroitin 4-sulfuric acid to migrate from 
an axial to an equatorial position. 

As shown in Fig. I, the strong absorption band in the 1240 cm-1 region, 
attributable to the S=O stretching vibration, persisted after heat treatment_ Analysis 
of the chondroitin sulfates for ester sulfate contents indicated that about 90% of the 
sulfate groups of chondroitin 4-sulfate remained after heat treatment, whereas about 
IO% was removed. In the chondroitin 6-sulfuric acid, however, no change of ester 
sulfate content was observed after application of heat. Consequently, these results 
suggest that most of the 4-sulfate groups of chondroitin 4-sulfate are shifted to an 
equatorial position at elevated temperature, whereas the 6-sulfate groups are fairly 
stable, even in the free state. 

Squid chondroitin polysulfates has a molar ratio of sulfate to D-glucuronic acid 
of 1:6 and absorption bands at 850 cm-1 and 820 cm-l, corresponding to the 
axial and equatorial sulfate groups. When it was treated as described above, only the 
absorption bands corresponding to axial sulfate groups disappeared after heat 
treatment and showed the O-sulfate type of spectrum; the molar ratio of sulfate to 
uranic acid became approximately I:I. 

With dermatan sulfuric acid7, heat caused the disappearance of the absorption 
bands corresponding to axial sulfate groups and the appearance of a strong absorption 
band at 820 cm-l. 

Similar phenomena were also observed for the oligosaccharides (free acid form) 
obtained from chondroitin 4- and 6-sulfate by testicular hyaluronidase digestion_ 

From these results, it can be concluded that, when chondroitin sulfates and the 
ohgosaccharides derived from them are heated in the free form, a considerable 
proportion of axial sulfate groups migrates to an equatorial position. Since no trans- 
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formation of the amino sugar was detected8 after heat treatment, the axial $-sulfate 
group in the 2-amino-2-deoxy-D-@lactose moiety may migrate to the stable equatorial 
6-sulfate position through a cyclic 4,6-diester. 

Department of Chemistry, 
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Tokyo (Japan) 
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Announcement 

In view of the exceptionally good response to Carbohydrate Research by 
authors, we are now in a position to expedite publication of papers by initiating a 
monthly publication schedule ahead of the dates previously proposed. It has now 
been decided that no further bi-monthly issues will appear. Therefore Vol. 3 will 
commence with issue No. I in November 1966. Three volumes of 500 pages each 
will be published between November 1966 and December 1967. 
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REACTION OF D-gZycero-D-gulo-HEPTONO-~-LACTONE WITH ACETONE* 

J. S. BRIMAC~M~E AND L. C. N. TUCKER 

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

(Received February Igth, 1966) 

RESULTS AND DISCUSSION 

As a possible route to isopropylidene derivatives of D-gZycero-D-PZc-heptose, 
which were required in connection with other studies, we have examined the acid- 
catalysed reaction of acetone with D-gZycero-D-gz&heptono-y-lactone (I). The 
reaction yielded a di-O-isopropylidenelactone (A) (ca. 80%) as the main product, 
together with a small proportion of a mono-U-isopropylidene derivative, which 
was readily separated on partitioning the product mixture between chloroform and 
water. A small proportion- of a second di-O-isopropylidene derivative (B) was 
obtained by chromatography of the mother liquors of the dike&l fraction on silica 
gel. The infrared spectra of the three products exhibited an absorption band at 
either 1758 or 1788 cm-l, indicating2 that the y-lactone ring had remained intact 
during the acetonation. 

The heptitol monohydrate derived from di-U-isopiopylidenelactone A con- 
sumed I mol. of periodate which reasonably limits the structure to either a 2,3:6,7- 
or 3,5:6,7_distribution of the ketal groups in A, since any other arrangement would 
involve at least one seven-membered or larger ring. A distinction between these 
arrangements was readily afforded when periodate oxidation of the heptitol deriva- 
tive yielded a crystalline diketal, which gave D-glucose (characterised as the B-D- 
pentaacetate) on acid hydrolysis. Di-O-isopropylidenelactone A is thereby identified 
as 3,5:6,7-di-U-isopropylidene-D-glycero-D-gulo-heptono-~-lactone (II), the heptitol 
as 1,2:3,5-di-O-isopropylidene-L-glycero-L-gulo-heptitol (HI), and the product of 
periodate treatment as 2,4:~,6-di-O-isopropylidene-aZ~eZz~~~-D-~ucose(VI). Unequivo- 
cal evidence for the distribution of the ketal groups in compound (VI) followed from 
its conversion into 2,4- O-isopropylidene-D-ghtcito13 on reduction with sodium 
borohydride and selective removal of the a-ketal group**, and into 1,2:3,5-di-O- 
isopropylidene-4-U-methyl-L-gulitol (2,4:5,6-di-O-isopropylidene-3-O-methyl-D-gluci- 
toI*) (X) by sequential reduction, tritylation, methylation, and detritylation (VII+-X). 
The latter diketal was identical with a minor product formed in the acid-catalysed 
acetonation* of 3-U-methyl-D-glucitol. Methylation of di- O-isopropylideneheptitol 

*A pmliminw communication on a part of this work ha already been publishedl. 
*q-he si@canca of this observation willbediscussed withrelated studiesin a subsequent publication_ 
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.(III) afforded a syrupy trimethyl ether(V) which, after removal of the ketal groups, 
reduced 2.i mol. of periodate; the heptitol (III) was further characterised as its 
crystalline triacetate (IV). 

I 
HCOH 

I 
C%OH 

I 
HCO 

\ 
/CM=2 

C&OR 

I 
HCOR 

I 

‘. I ; HCO 

1 ‘CMe 
yco’ * 

CHO 
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“i”\ 
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i 
HCO 
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I El R=H 
IE R=Ac 
p R=Me 

m m R=R’=H 
= R-T,-, R’=H 

Ix R=Tr, R’=Me 
X R=H, R’=Me 

The crystalline heptitol derived by reduction of di-0-isopropylidenelactone B 
also reduced I mol. of periodate and, from the preceding arguments, may be assigned 
the structure 1,2:5,6-di-O-isopropylidene-~-glycero-~-gulo-heptitol (XII), while that 
of diketal B is 2,3:6,7-di-O-isopropylidene-D-g~~cero-D-gulo-heptono-y-lactone 
(XI)_ These assignments of structure were further confirmed when treatment of hepti- 

to1 (XII) with one equivalent of sodium metaperiodate, reduction with sodium 
borohydride and acid hydrolysis, gave glycerol and erythritol. 

I 
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CYOH 
I 

HCO, 
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I 
HCOH 

I 
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I 
HCOH 

I 
I 

HCOH 

HCO 
I 

1 ‘CMe 
H2C0 / * 

XI XII XIII xm 

The mono-0-isopropylidenelactone was obtained in substantially better yield 
by reaction of lactone (I) with acetone in the presence of either anhydrous copper 
sulphate or toluene-p-sulphonic acid. The monoketal rapidly consumed I mol. of 
periodate, followed by a slow uptake of another 3.2 mol. Successive alkaline and 
acid treatments of the product formed after the uptake of I mol. of periodate afforded 
crystalline D-arabinose, which clearly arises from scission between carbon atoms 
2 and 3 of the y-lactone ring and, hence, the location of the ketal group is narrowed 
to carbon atoms 5, 6, and 7. In the acid-catalysed reaction of acetone with acyclic, 
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was added. The crystalline deposit was titered off and recrystallised from the same 
solvent pair to give di-O-isopropylidenelactone A (5-5 g), m-p. 153-1$f’, [c&f -76” 
(c 2,chloroform), Vmas 1788 cm-l (y-lactone2). (Found: C, 54.3; H, 7.1. Cl3H2007 

talc.: C, 54.2; H, 7.0’%). The combined mother liquors were concentrated and chro- 
matographed on a column (3.5 x 55 cm) of silica gel by elution with ethyl acetate; 
lo-ml fractions were collected. Fractions 6-15 were combined and concentrated to 
give di-0-isopropylidenelactone B (0.61 g), m-p. 169-170” [from chloroform-light 
petroleum (b.p. 80-IOO”)], [a]2 -70” (c I, chloroform), vmax 1758 cm-l (y-lactone2)). 
(Found: C, 54.4; H, 6.8%). Fractions 16-50 gave further quantities (2.5 g) of di-O- 
isopropylidenelactone A, m-p. 153-154~. In other reactions, the total yield of lactone 
A approached 80%. 

r,2:3,5-Di-O-isopropylide~ze-L-glycero-L-~o-heptitol monohydrate (III) 
A solution of di-0-isopropylidenelactone A (1 g) in methanol (20 ml) was 

treated with sodium borohydride (0.4 g) for 4 h at room temperature. The solution 
was concentrated, and the residue was dissolved in water (20 ml) and deionized 
with Amberlite IRA-400 (OH-form) and IR-rzo (Nl&+form). Concentration of 
the eluate and washings yielded a syrup which slowly crystallised and on recrystal- 
lisation from chloroform-light petroIeum (b.p. 6o-80”) gave the title compound 
(0.75 g), m.p. 67-68”, [~]n -6” (c 2, water), v msx 1640 cm-l (hydrate water). (Found: 
C, 50-O; H, 8.7. ClsH2808 cdc.: c, 50.3; H, 8.4”Jo). 

4,6,7-Tri-O-acetyl-I,2:3,5-di-O-isopropylidene-L-glycero-L-gulo-?leptitoi (IV) 
To a solution of the foregoing heptitol(8 g) in dry pyridine (50 ml) was added 

acetic anhydride (30 ml), and the mixture was set aside: for 24 h at 30”_ Water (20 ml) 
was added and, after 30 min, the mixture was added to ice-cold water (I 1) which 
was extracted with chloroform (2 x 250 ml). Concentration of the dried (MgSOe) 
extract afforded a syrup which was shown to be inhomogenous by t.1.c. Distillation 
afforded a product, b.p. 13o-150°/0.r mm, which showed no substantial increase 
in purity. A sample of the distillate crystallised after 3 months and, on recrystallisation 
from ethanol, gave the pure triacetate (2 g), m-p. 71-72~, [aIn -18” (c I, chloroform). 
(Found: C, 53.9; H, 7.0~ ClsHaaOlc talc.: C, 54.5; H, 7.2%). 

~,z:3,5-Di-O-isopropylidene-4,6,7-tri-O-me?~zyl~L-glycero-L-gulo-heptitol (V) 
To a solution of compound (III) (0.3 g) in tetrahydrofuran (20 ml) was added 

sodium hydride powder (0.3 g) and redistilled methyl iodide (7 ml), and the mixture 
was set aside for 6 h at room temperature. Ethanol (5 ml) was added and, after the 
initial reaction had subsided, water (200 ml) was gradually added. The aqueous 
solution was extracted with chloroform (2 x IOO ml), and the dried (MgS04) extract 
was concentrated to a syrup which on distillation gave the title compound (0.32 g), 
b.p. 120~ (bath)/o.r mm, [c&s -6” (c 3, chloroform). (Found: C, 57.6; H, 9.0. CU$GOO~ 
talc.: C, 57.5; H, 9.0%). 

After hydrolysis of the &i-O-methyl ether with N sulphuric acid at g5-100” for 
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.4 h, the neutralised and concentrated hydrolysate (RF 0.7, pyridine) consumed 2.14 mol. 
of periodate. 

Periodate oxidation of r,2:3,5-di-O-isopropylidene-L-g~ycero-L-~o-heptitoZ 
monohydrate (III) 

Quantitative measurement showed that the title compound rapidly consumed 
I mol. of periodate. 

A solution of the title compound (0.5 g) in water (25 ml) was treated with 
a solution of sodium metaperiodate (0.375 g) in water (25 ml) for 15 min at room 
temperature. The solution was concentrated to dryness, and the residue was extracted 
with chloroform (IOO ml). Concentration of the dried (MgSO4) extract afforded a 
crystalline product, which was recrystallised from chloroform-light petroleum 
(b.p. 60-80”) to give 2,4:5,6-di-0-isopropylidene-aZdedehydo_D-glucose (VI) (0.36 g, 
84O/J, m-p. 88-8g”, [a]? -12” (c 2, chloroform). (Found: C, 56.1; H, 8.35. CIZHZOOS 
talc.: C, 55.4; H, 7.75%). 

Hydrolysis of compound (VI) (0.1 g) in water (25 ml) for 6 h at g5-roo” with 
Amberlite IR-120 (H+ form) (25 ml), and concentration of the filtered solution 
yielded ~-glucose (identified by paper chromatography), which was converted, in 
the usual manner, into the B-D-pentaacetate (0.038 g), m-p. and mixed m-p. 131”, 
[LY]~ +5” (c 0.5, chloroform). The infrared spectrum of the pentaacetate was indis- 
tinguishable from that of an authentic sample. 

I,2:3,5-Di-0-isopropylidene-L-guiitol (VII) 
To a solution of the foregoing compound (5 g) in methanol (IOO ml) was added 

sodium borohydride (2 g), and the mixture was set aside for 4 h at room temperature. 
Cations were removed on Amberlite IR-120 (NH*+form) (250 ml), and the methan- 
olic solution was concentrated to a syrup which rapidly crystallised. Recrystallisation 
from chloroform-light petroleum (b.p. 60-80”) gave the title compound (3.8 g), 
m.p. 117-118”, [o;ln $-2O (c I, methanol). (Found: C, 55.0; H, 8.3. CrsH2sOs talc.: 

C, 54.95; H, 8.45%). 

r,2:3,5-Di-0-isopropylidene-5-0-trityl-L-gulitoL (VIII) 
A solution of compound (VII) (I g) in dry pyridine (50 ml) containing tri- 

phenylmethyl chloride (2 g) was heated for 3 h at g5-roe”. Dry methanol (5 ml) 
was then added, and the solution was heated under reflux for I h. The cooled solution 
was poured into chloroform (200 ml) and washed successively with water, dilute 
sulphuric acid, dilute ammonium hydroxide, and water. The dried (MgS04) chloro- 
form layer was concentrated to a syrup, which was shown by t.1.c. to contain at 
least four components. Chromatography on a column (2 x 20 cm) of silica gel by 
elution with chloroform afforded the title compound (0.65 g), m.p. 61-63” (from 
aqueous methanol), [LZ]~ +5O (c I, chloroform). (Found: C, 73.8; H, 6-g. C3rHa606 
cak.: C, 73.8, H, 7.2%). 
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~,2:~,~-Di-O-isopropyZidene-~-O-methyl-6oZ (IX) 

A solution of the foregoing compound (0.5 g) in methyl iodide (IO ml) con- 
taining suspended sodium hydride powder (0.5 g) was set aside for 12 h at room 
temperature. Work up in the usual manner gave a syrup, which was shown by t.1.c. 
(chloroform) to contain three components. Chromatography on silica gel (50 g) 
by elution with ethyl acetate-chloroform (r:rg) afforded the title compound (0.31 g), 

m-p. I 59-160” (from aqueous methanol), [c& +6” ( c I, chloroform). (Found: C, 74.2; 

H, 7.2. c32H3806 C&L: c, 74.1; H, 7.4%). 

r,2:3,5-Di-0-isopropylidene-&O-methyl_1 (X) 

A. solution of the foregoing trityl ether (0.15 g) in methanol (25 ml) containing 
suspended 5% palladium-on-charcoal (0.25 g) was shaken with a slight overpressure 
of hydrogen for 24 h at room temperature. The filtered solution was concentrated, 
and the residue was dissolved in chloroform and dried (MgSO& Removal of the 
solvent afforded a crystalline residue which, on recrystallisation (twice) from light 
petroIeum (b.p. 4o-60”), gave the tit!e compound (0.05 g), m-p. 136”, undepressed 
on admixture with an authentic samplea, [c& +IZO (c 0.5, chloroform). The infrared 
spectrum of the product could not be distinguished from that of an authentic sample. 

r,2:j,6-Di-Q-isopropylide71e-L-glycero-L-gu~o-~~epii~ol (XII) 
Reduction of di-0-isopropylidenelactone B (0.25 g) with sodium borohydride 

(0.1 g) was accomplished as described for the isomeric compound (IL). The product 
(0-13 g) had m-p. gg” [from ether-light petroleum (b-p. 6o-So”)], [a]~ t7” (c 0.5: 
chloroform). (Found: C, 53.2; H, 8.5%). 

Heptitol (XII) consumed 0.96 mol. of periodate over 5 min. Sodium meta- 
periodate (25 mg) was added to a solution of the heptitol (25 mg) in water (IO ml) 
and, after 5 min, the solution was concentrated. The residue was extracted with 
chloroform (4 x IO ml), and the organic layer was dried (MgS04) and concentrated. 
A solution of the residue in methanol (5 ml) was treated with sodium borohydride 
(IO mg) for I h and was then processed in the usual manner. The resulting syrup 
was dissolved in water (25 ml) and shaken for 12 h with Amberlite IR-120 (H*form, 
5 nil). The atered and concentrated hydrolysate contained two components indis- 

tinguishable in their electrophoretic mobilities (molybdate bufferl2, pH 5) from those 
of glycerol and erythritol. 

6,7-O-Isopropylidene-~-glycero-D-gulo-heptono-y-lactone (XIII) 

The monoketal formed in the acid-catalysed acetonation was prepared in good 
yieId by either of the following procedures. 

(a) Catalysis by anhydrozrs copper sulphate. Suspensions of D-&33-O-D-&O- 

heptono-y-lac tone (IO g) and anhydrous copper sulphate (IO g) in dry acetone (500 ml) 
were shaken for 48 h at room temperature. The filtered solution was concentrated, 
and the residue was recrystalIised from methanol to give the monoketal (6-g g), 
m.p. and mixed m-p. 167-168”. 
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(b) CataZysis by toluene-p-&phonic acid. The lactone (I g) was shaken in dry 
acetone (50 mi) containing tofuene-p-sulphonic acid (g-5 mg) for 20 h at room temper- 
ature, and the solution was neutralised with I drop of cont. ammonia and concen- 
trated. Crystallisation of the resulting syrup from methanol, with recrystallisation 
from methanol-chloroform-light petroleum (b-p. 8o-1009, gave the monoketal 
(r-05 g), m-p. 167-168”. 

Periodate oxidation of mono-O-isopropylidenelactone (XIII) 

Quantitive measurement of the uptake of periodate (mol.) by the monoketal 
was as follows: 0.94 (I min), 1.2 (IO min), 1.6 (40 min), 4.2 (14 h). 

A solution of the monoketal (0-1 g) in water (IO ml) was treated with I mol. 
of sodium metaperiodate (0.09 g) in water (IO ml) for 15 min. Cont. ammonia (I ml) 
was added and, after 15 min, the solution was concentrated to dryness. The residue 
was extracted with acetone (4 x IO ml), the extract was concentrated, and the syrupy 
product was hydrolysed by shaking with Amberlite IR-120 (H+ form, 5 ml) in 
water (25 ml) for 24 h. Removal of the solvent afforded a crystalline residue which 
was recrystallised (twice) from methanol to give D-arabinose (0.015 g), m-p. I$-157” 

(lit.13, m-p. 158.5-160~); m.p. on admixture with L-arabinose 138”. The chromato- 
graphic properties of the product could not be distinguished from those of i-arabinose. 

r,2-0-IsopropyZidene-L-glycero-L-gulo-heptitoZ (XIV) 

A solution of monoketal (XIII) (0.7 g) in methanol (25 ml) was reduced with 
sodium borohydride (0.5 g) as described in previous experiments. The product was 
recrystallised from acetone to give the title compound (0.35 g), m.p. 114-115O, 
[LY]~ +4” (c I, methanol), RF o-g (pyridine). (Found: C, 47.3, H, 8.1. Cl0H2007 
talc.: C, 47.6; H. 8.0). The heptitol showed the following uptake of periodate: 3.1 mol. 
(20 min, 2 h), 3.9 mol. (18 h). 

To a solution of the foregoing compound (0.2 g) in dry tetrahydrofuran (50 ml) 
containing suspended sodium hydride powder (o-5 g) was added methyl iodide (I -5 ml), 
and the mixture was set aside for 48 h. Work up in the usual manner gave an oil 
which was distilled to give the title compound (0.21 g), b.p; 120~ (bath)/o.r mm, 
[cc],, fg” (c 2, chloroform). (Found: C, 55.0; H, 8.5. C12~H3007 talc.: C, 55-g; H, 9.4%). 
The infrared spectrum of the product exhibited no absorption at CCI. 3600 cm-l 
(hydroxyl), and the product was homogeneous on t.1.c. (RF 0.5, ethyl acetate). 

The foregoing distillate (0.2 g) in methanol (50 ml) containing suspended 
Amberlite IR-120 (H+form, 2.5 ml) was stirred for 12 h at’room temperature. Con- 
centration of the filtered solution afforded the title compound (0.17 g), [c.~]D~+26.5~ 
(c I .7, chloroform), as a syrup, which quantitatively consumed I .og mol. of periodate 
during 15 min. 
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Equilibration of 3,5:6,7-(Ii) and z,y6,7-diketals (XI) 
A solution of the 2,3:6,7-diketal (XI) (50 mg) in acetone (2.5 ml) made O-IN 

in sulphuric acid was set aside for 12 h at room temperature. The reaction was 
monitored by t.1.c. and showed the gradual conversion of diketal (XI) into the 
isomeric diketal (II), which was preponderant in the equilibrium mixture. A mixture 
of approximately the same composition (as judged by t.1.c.) was obtained when 
diketal (II) was treated in like manner. 
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SUMMARY 

The acid-catalysed reaction of D-g&cero-D-gUlo-heptono-y-lactone (I) with 
acetone affords 3,5:6,7-di-U-isopropylidene-D-glycero-D-gulo-heptono-~-lactone (II) 
as the principal product, together with small proportions of the 2,3:6,7-diketal (XI) 
and the 6,7-monoketal (XIII). The structures of these ketals have been established 
by periodate oxidation and by methylation of the derived heptitols. 
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INTRODUCTION 

A program in this laboratory is concerned with the conversion of selected 
diol groups in carbohydrate derivatives into alkene functions, and with reactions 
of the resultant, unsaturated sugar derivatives. Conversion of a trans-diol system 
in a cyclic sugar derivative into the corresponding alkene has been reported1 briefly. 
Conversion of a terminal diol group of a sugar derivative into an alkene, by way 
of a cyclic thionocarbonate derivative 1, has been discussed in detail2, and the conversion 
of a cis-diol in a cyclic system into the corresponding alkene has been noted2. The 
present report describes in detail the preparation of a cyclic-sugar n,j-alkene, methyl 
4,6-O-benzylidene-or-~-erythro-hex-2-enopyranoside (6), from a 2,3-rrans-diol pre- 
cursor, methyl 4,6-0-benzylidene-a-~glucopyranoside Cl), by way of disulfonic 
ester intermediates (2, 3, 4, or 5); and from a corresponding cis-diol precursor, 
methyl 4,6-O-benzylidene-a-D-mannopyranoside (ll), by way of the cyclic thiono- 
carbonate (10). Conversion of an epoxide precursor (8) into the alkene 6 is also 
described, and the alkene 6 is shown to undergo facile hydrolysis to give a-(D-glycero- 
1,zdihydroxyethyl)furan (7). 

Methyl 4,6-O-benzylidene-C+~glucopyranoside394 (1) was converted into the 
known 2,3-di-p-toluenesulfonate 4=5 (2) and 2,3_dimethanesulfonate” (3); the 2,3-di- 
p-nitrobenzenesulfonate (4) and 2,3-di-p-bromobenzenesulfonate (5) were prepared 
crystalline, in high yieId, by sulfonylation of 1 in pyridine solution. Treatment of 
each of the disulfonic esters with an excess of potassium ethylxanthate in boiling 
butyl alcohol gave the corresponding 2,3-alkene, methyl 4,6-0-bemlidene-z-D- 
eryrhru-hex-2-enopynoside ‘-12 (6), in 4o-45’% yield in most cases (see Table I 
and Experimental); colored side-products were removed most readily by chromato- 
graphy on partially deactivated alumina. Under simiIar conditions, methyl 2,3- 
anhydro-4,6-O-benzylidene-m-D-allopyranoside 4~3 (8) and its 2,3-dideoxy-2,3-epithio 
analog-‘0 (9) were also converted into 6. 

Conversion of the sulfonic ester derivatives 2, 3, 4, and 5 into the alkene 6 
was also achieved by treatment of the derivatives with sodium iodide and an excess 

*For part III, s9e ref. 2. 
**To whom inquiries should Se addressed. 
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(p-tolylsulfonyl)-cr-D-glucofuranose 21. The result indicates that, under the reaction 
conditions, intramolecular attack at C-6 by the C-3 hydroxyl group competes with 
attack at C-6 by iodide ion2’. The proportion of alkene formed was increased, at the 
expense of the anhydro derivative, when the reaction was conducted under strictly 
anhydrous conditions. 

The crystalline alkene derivative 6 had a melting point and specific rotation 
in agreement with literature values 8--1P. Additional data, including infrared, ultra- 
violet, and n-m-r_ spectral measurements, chromatographic behavior, and X-ray 
powder diffraction data, are recorded in the Experimental section. The ultraviolet 
absorption data differ somewhat from values earlier reporteds. The substance is 
quite stable under basic conditions, and may be purified conveniently. by column 

chromatography on basic alumina. Reaction mixtures containing 6 were analyzed 
by thin-layer chromatography on alumina or silica gel. In the cold, the substance 

gives an intense black spot immediately when the chromatoplate is sprayed with 
sulfuric acid, in contrast to the prec rs and side-products of the reactions used 

in the synthesis of 6. 
Under acidic conditions, the a 

because C-r is in the allylic position. P 
column chromatography, led to decor-r 
Aqueous acetic acid at 70” caused cc 
reducing, optically active, unsaturate. 

was obtained as an oil which crystalli 
lated as 2-(D-&cer-o-I,a-dihydroxyeth 

by the microanalytical data, and by 
dibenzoate and di-p-nitrobenzoate, bo 
of the structure of 7 was provided b 
one mole of periodate per mole, wit 

per mole. The 2-furaldehyde produc 
crystalline (2,+dinitrophenyl)hydrazo 

e 6 is very labile; this is to be expected 
nged contact with silica gel, as in attempted 
ition, with the production of benzaldehyde. 
ete hydrolysis of 6 in IO min, and a non- 
duct was formed in high yield. The latter 

elow room temperature, and it was formu- 
ran (7). The assigned structure is supported 

fact that the compound gives a crystalline 
aving the proper elemental analyses. Proof 
iodate oxidation: the substance consumed 
production of one mole of formaldehyde 

y cleavage of 7 was characterized as its 

Fig. I. The n.m.r. spectrum of ?.-(D-gf_vcero-t,z-dihydroxyethyl)furan (7) in deuteriochloroform at 
60 Mc.p.s. 

The n.m.r. spectrum of 7 (Figure I) provided independent proof of the assigned 
structure. The aromatic hydrogen atoms of the z-substituted furan moiety give a 
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recognizable23 pattern of -signals, a one-proton narrow multiplet at 7; 2.60 (H-5) 
and a two-proton, narrow multiplet at t 3.68 (H-3 and H-4). The apparent simplicity 
of this portion of the spectrum may be ascribed to the near-equivalence of the H-3 
and H-4 protons. The two-proton, broad singlet at t 6.53 was observed at lower 
field with higher concentrations of sample, and it disappeared when the sample was 
deuterated; the signal was, therefore, assigned to the hydroxyl protons. Exchange 
of these protons is evidently rapid under the conditions of observation, and the 
signals of the methylene and methine protons of the side-chain were observed as an 
apparent AsX system24. The two-proton doublet at t 6.18 was assigned to the methy- 
lene group, and the one-proton triplet at t 5.22 was assigned to the methine group. 

Details of the n.m.r. spectra, including first-order analyses and assignments, 
are recorded in the Experimental section, for the thionocarbonate 9, the alkene 6, 
and the dibenzoate of the furan derivative 7. The optical rotatory dispersion spectrum 
of 7 showed a positive Cotton effect25. 

The z,pdisulfonic ester derivatives 2, 3, 4, and 5 showed strong bands in their 
infrared spectra at 8.4-8.5 p and at 7.3-7.4 ,u, characteristic of the symmetrical and 
antisymmetrical stretching modes of the -SOs- groupa6.27. In each case, a strong 
band at I I -8-1 I .9 p and a weak one at I I .2-r 1.4 p were present. It has been proposed27 
that bands of the latter type are characteristic of the C-O-S vibration mode of an 
equatorial sulfonic ester group on a pyranoid ring. 

The order of reactivity, in the conversion of the sulfonic esters of 1 into the 
alkene 6 by potassium ethylxanthate in butyl alcohol at reflux (see Table I), was 
di-p-bromobenzenesulfonate 5 FZ di-p-nitrobenzenesulfonate 4 > di-p-toluene- 
sulfonate 2 > dimethanesulfonate 3. The epoxide 8 and the episulfide 9 underwent 
rapid conversion into 6 under similar conditions. The product 6 did not suffer 
destruction, by the reagent, at a sign&ant rate. The data suggest that 2,3-epoxides 
or 2,3-episulfides are possible intermediates in the conversion of 2,3,4, and 5 into 6. 
The conversion of 2 into 8 by alkoxide ion is well known4J3; episulfides (and trl- 
thiocarbonates) can be formed by the action of alkylxanthate ion on epoxidesaO~as*es; 
and episulf?des have been converted into alkenes by the action of nucleophilesa0~31. 
Conversion of certain steroidal and inositoP epoxides into alkenes by alkyl- 
xanthate ion has been noted. Treatment of 8 with thiourea, under forcing conditionsl2, 
gives the D-nmzno analog of 9 (cf- Ref. 29), with 6 as a side product. 

A number of unidentified side-products were formed in the preparation of 6 
by the potassium ethylxanthate method. Characterization of these products should 
throw further light on the detailed mechanism of these transformations. Continuing 
studies in this laboratory are concerned with this aspect, and with the kinetics of 
acid hydrolysis of 6 and related derivatives. 

It is noteworthy that, in the preparation of 6 by the Tipson-Cohen method 
(Tabie II), the product was destroyed by the reagent at prolonged times of reaction, 
but this decomposition could be markedly retarded by the inclusion of 10 moles of 
water per mole of starting material_ 
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Metbyl 4,6-O-ben~yylidene-2,3-di-O-(p-nitropizeny~sulfonyI)-~-D-~lucopyranoside (4) 

To a solution of 1 (2.0 g) in dry pyridine (14 ml) was added p-nitrobenzene- 
sulfonyl chloride (4.72 g, 3 molar equivalents), and the mixture was kept for 24 h 
at room temperature. Water (0.5 ml) was added, and, after I h, the solution was 
poured into ice and water (250 g). The precipitated solid was filtered off, washed 
thoroughly with water, and dried; yield 4.61 g (100%). The crude product was dis- 
solved in chloroform (40 ml), the solution was filtered, ether (15 ml) was added to 
the filtrate, and the solution was kept I day at 0” to give the pure product as yellow 
needles, yield 3.70 g (80%); m.p. 184-186”; [a]g -l-62.1 20.5” (c I, chloroform); 
RF 0.82 (S I:I chloroform-ether); i.2:: 6.21, 6.74, 6.88 (aryl), 6.53 (NOs), 7.25, 7.41 
(NOs, SOs), 8.42 (SO2), I 1.35 w, I 1.90 s p (C-O-S)“‘; X-ray powder diffraction data: 
11.23 m, 10.08 m, 7-14 w,, 6.46 m, 5.73 VW, 5.24 s (3) 4.73 s (I), 4.43 w, 4.09 W, 3.82 S 

(2), 3.55 m, 3.22 m. 
Anal. CdC. for C2sl-ls&OI&: C, 47.85; H, 3.71; N, 4.29; S, 9.83. Found: 

C, 47.55; H, 3.91; N, 4.42; S, 9.54. 

Methyl ~,~-di-O-(p-bromophenylsulfonyl)-~,6-O-ben~ylide~~e-r-~-,olr~copyrarroside (5) 

Treatment of l(4.0 g) with p-bromobenzenesulfony1 chloride (10.8 g, 3 molar 
equivalents) in pyridine, by the procedure used for the preparation of 4, gave crude 
5 as a gum, which was washed with water by decantation, and then dissolved in 
r,2-dichloroethane (rdo ml). The solution was washed successively at o” with N 
hydrochloric acid, water, saturated sodium hydrogen carbonate, and water (25-ml 
portions), and the dried (magnesium sulfate) extract was evaporated to 40 ml. 

Addition of Skellysolve C* caused deposition of an oil which solidified to give the 
crystalline product after I day at room temperature; yield 6.90 g (68%); m.p. I ~3-116”; 
[a]k2 t26.8 f0.5~ (c 1.2, chloroform); RF 0.90 (S, I:I chloroform-ether); i.“,?: 6.33, 
6.80, 6.87 (aryl), 7-32, 8.42 (SO?), 11-34 w, 11.89 s ,U (C-0-S)27; X-ray powder 
diffraction data: 9.12 VW, 8.70 m, 7-95 w, 6.97 s (3), 6.30 wt 5-78 m, 5.40 m, 4-81 s 

(2,2), 4.36 m, 3.94 s (I), 3.72 w, 3.52 s (2,2). 
Anni. Calc. for Czs&gBr201c&: C, 43.35; H, 3.36; Br, 22.19; S, 8.91. Found: 

C, 43.49; H, 3.52; Br, 22.28; S, 8.62. 
The X-ray diffraction pattern indicated that the product was definitely crystal- 

line, but no solvent mixture could be found that would give 5 as well-formed crystals. 

Methyl 4,6-0-benzylidene-a-D-mannopyranoside 2,34ionocarbonate (10) 
To a solution of methyl 4,6-0-benzylidene-a-D-mannopyranoside16 (8, 4.00 g) 

in acetone (150 ml) was added bis(imidazol-r-yl)thioneZJ7 (I.96 g; 1.5 molar equi- 
valents) and the mixture was refluxed for I h under nitrogenThe solution was evapor- 
ated to a syrup which was treated with cold methanol (15 ml). The white solid which 
separated was filtered off and dried; yield 2.01 g, m-p. 143-144’. From the mother 

*Petroleum ether, b.p. go-Jo@, Skelly Oil Co., Kansas City, Missouri. 
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liquors, 0.72 g of the starting material (10) was recovered, giving a total conversion 
yield of 53%_ Recrystallization of the product from chloroform-petroleum ether 

gave pure 9; m.p. I*-145”; [& -80 * I0 (c I, chloroform); RF 0.30 (S, I: I benzene- 
dichloromethane); ;lgzG 6.75, 6.85 (a@), 8.40 (C=S)33, 13-3, 14-3 CL (phenyl); lggH 
238 mp (E 12,000), 211 m,u (E 5280); n.m.r. data: r 6.63 (3-proton singlet, OMe), 
t 6.12 &proton multiplet, I-I-6,6,5), T 5.68 (r-proton multiplet, H-4), r 4-95-5.37 
(a-proton multiplet, H-2,3), t 4.93 (r-proton singlet3*, J_w o c.p.s. H-I) r. 4-45 
(r-proton singlet, benzylic H), t 2.60 (5-proton multiplet, Ph); X-ray powder dif- 
fraction data: 10.03 s (2) 7-04 m, 6.05 m, 4.58 vs (I) 4.35 m, 4.08 s (3), 3.92 m. 
3-57 m, 3-38 w, 3.04 w, 2.90 w. 

Anal. Calc. for ClsHrsOsS: C, 55-54; H, 4.97; S, g-88. Found: C, 55.19; H, 4.85; 

S, g-91- 
Recrystallization of 10 from carbon disulfide gave an isomorphous form, 

m-p. 150-151O, X-ray powder diffraction data: 13.17 W, II.24 m, g-31 m, 8.50 w, 

7.63 s (2,2), 6.81 VW, 5.99 w, 5.51 w, 4.99 s (2,2), 4.56 vw, 4.13 s (I), 3.90 m, 3.74 m. 

Methyl 4,6-O-benzyIidene-a-D-erythro-bex-2-enopyranoside (6) 

(a) From methyl ~,6-O-ben~yZidene-2,~-di-O-(p-tolyls~~~fo~~y~)-a-~-g/~~copyrano- 

side (2) and potassium ethylsanthate. A mixture of the di-p-toluenesulfonate 2 (I .28 g) 
and potassium ethylxanthate (Fisher Scientific Co., Fair Lawn, New Jersey) (3.5 g) 
in butyl alcohol (18 ml) was refluxed for 3 h, the mixture was evaporated at 85-go”, 
and the residue was extracted with three 5o-ml portions of boiling Skellysolve C. 
The cooled solution (from which a small amount of solid separated) was passed 
through a column (1.2 x 1.8 cm) of deactivated alumina (to remove most of the 
colored impurities), and the solution was evaporated to a reddish syrup which 
crystallized on cooling: yield 550 m,. u This product was dissolved in a few ml of ben- 
zene, and chromatographed on a column (2 X IO cm) of deactivated alumina, with 
benzene as the eluant. A yellow substance, RF 0.35 (minor),o_45 (major) (A, benzene), 
was eluted in the 20-30 ml portion of the effluent, and the unsaturated sugar 6, 
RF 0.25 (A, benzene) was eluted in the 30-55 ml portion of the effluent. Evaporation 
of the latter fraction gave 6 as an almost white solid, yield 210 mg (39%); m.p_ 

ri7-119”. Recrystallization from Skellysolve C gave pure 6, m-p. I rg--12oO; [a]g 

+ 130 i2O (c 0.54, chloroform) [litlo m.p. I 17-r Kg”, [a]g + 126~ (c I, chloroform)]; 
R,o.15 (S, I:I chloroform-benzene); ;2%:: 13.3, 14.4~ (phenyl); il%H 210 (B 7,200), 

250 (2201,256 (270) 260 (230), 262 (230) 266 m,tc (160); %I% ZIO (E 7,200), 250 (240), 
256 (310). 260 (280), 262 (280) 266 rn;L (170); n-m-r. data: t 6.53 (3-proton singlet, 
OMe), T 5.57-6.26 (4-proton multiplet, H-4,5,6,6’) T 5.10 (r-proton unresolved 
multiplet, width at half-height 4.5 c.P.s., H-I), r 4-40 (r-proton singlet, benzylic H), 
t 3.84,4.25 (broadened doublets, 2 protons, &,s -10 c.p.s. H-2, H-3), t 2.58 (5-pro- 
ton multiplet, phenyl); X-ray powder diffraction data: 12.03 s (3), 6.03 s (2): 5.68 w, 

5.29 w, 4.12 vs ([,I), 3.93 vs (I,I), 3.77 w, 3.63 w, 3-39 m, 2.96 m, 2.78 w, 2.61 w, 
2.48 VW. 

Anal. Calc. for Cr4Hr604: C, 67.72; H, 6.47. Found: C, 67.57; II, 6.62. 
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For this substance, Richards* reported jlmsx 212 (E 1x.6), 220 (17.2), 235 (17-g), - 
245 (17.3), 260 rnp (18.1) (solvent not stated), and Christensen and Goodmax 
reported-t 3.94, 4.31 (2 protons, vinylic HJ 

The yellow fraction of the effluent gave a distillable (I mm Hg) yellow oil, 
yield 120 mg, which contained sulfur. 

Further elution of the column, with isopropyl alcohol, gave a mixture of minor 
products (50 mg) having t.1.c. mobiities less than that of 6. No carbohydrate material 
could be detected in the original Skellysolve C-extracted residue. 

Comparable yields of 6 were obtained when the reaction was conducted on a 
larger scale. The use of column chromatography in this preparation provided the 
best method for obtaining 6 free from impurities. Direct isolation1 gave a higher 
yield of crude product, but removal of all impurities by direct crystallization was 
difficult. 

(b) From vczrious disulfonic esters of methyl #&benzylidene-a-D-gkopyrano- 

side with potassium ethylxanthate. A series of experiments was performed wherein 
a mixture of the disulfonic ester 2,3,4, or 5 (I .o mmole) and potassium ethylxanthate 
(IO mmoles) in butyl alcohol (IO ml) was refluxed, the solution was evaporated, 
the residue was extracted with three 20-ml portions of Skellysolve C, the extract 
was filtered after I h at room temperature, and the filtrate was evaporated to dryness. 
The weighed residues were dissolved in a measured volume of benzene, and the 
approximate yield (&5x) of the unsaturated sugar 6 was determined by t.1.c. (S, I:I 
chloroform-benzene) of measured aliquots of this solution, in comparison with 
measured volumes of a standard solution of 6 in benzene. The results are given in 
Table I. 

TABLE I 
YIELD OF METHYL 4,6-~-BENZYLWENE-‘X-D-c?~J’~hrO-HEX-Z-FZNOPYRANOSWE (6) BY THE BTHYLXANTHATE 

PROCEDURE= 

Yield, % (Cs%) 
Compound 

5min 15rnin 3omin Ih 3h 

2 40 40 45 45 45 
3 IO 20 25 45 45 
4 30 30 . 30 30 30 
5 35 4s 45 45 45 
8 45 
9 50 50 

aSee Experimental for detaiLs 

(c) Front methyl 2,3-anhydro-4,6-Q-benzylidene-cc-D-allopyranosideQ,13 (8) and 

methyl 4,6-0-3e~~y~idene-2,3-dideoxy-2,3-epithio~~ (9) with pot- 

assium ethylxanthate. A mixture of 8 (589 mg) and potassium ethylxanthate (3-57 g) 
in butyl alcohol (20 ml) was refluxed for 7 mm, the solution was evaporated, and the 
residue was processed, essentially by the method used in (a) above, to give crystal- 
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line 6, yield 220 mg (40x), which, after recrystallization from hexane, had m.p. 
11g-120°. The substance was identical with the product produced by method (a), 
in regard to t.l.c., mixed melting point, and infrared spectrum. Under similar con- 
ditions, the episulfidelo 9 gave 6 in comparable yield. Data for these transformations 
at different times of reaction are recorded in Table I. 

(d) From methyI 4,6-O-benzylide~ze-2,3-di-O-(p-to~y~sulfony~-~-D-g~ucopyr~o- 

side (2), sodium iodide, and zinc dwt. A mixture of 2 (1.18 g, 2 mmole), sodium iodide 
(dried at 250°, 15 g, IOO mmole), zinc dust (7 g), and NJKdimethylformamide (25 ml, 
0.1% water content) was refluxed for 2 h, evaporated, and the residue was extracted 

with three 7o-ml portions of Skellysolve C. The combined extracts were filtered, and 
evaporated, and the residue was dissolved in ether (6 ml) and transferred to a column 
of alumina (Woelm, not deactivated, 3-5 g). The column was eluted with ether, and 
the first 20 ml of effluent was evaporated, to give crystalline 6, yield 260 mg (52%). 
Recrystallization from hexane gave pure 6, yield 205 mg; m.p. I 19-120~. The product 
was identical, by mixed m.p., i-r. spectrum, and t.l.c., with the product obtained by 

method (a). 
(e) From various disulfonic esters of methyl q,d-O-benzylidene-a-D-glucopyrano- 

side, with sodium iodide and zinc dust. A series of experiments was performed wherein 
2, 3, 4, or 5 (I mmole), dried sodium iodide (7-5 g, 50 mmole), zinc dust (3-5 g), and 
dry NJV-dimethylformamide (12.5 ml) was refluxed, with or without addition of 

water (0.2 ml), and the resulting mixture was evaporated. The residue was extracted 
with three 35-ml portions of hot Skellysolve C, and the approximate yield of 6 was 

determined by the method described under (b) above. The results are given in Table II. 

TABLE II 
YIELD OF hfETHYL 4,6-~-BENZ~~KNE-a-D-e~~rhro-mx-z_nuoPYRANos (6) BY TFiE. SODIUM IODIDE- 
ZINCDUSTPROCEDUREa 

Yield, % (f 5 %) 
compound 

3omin rh zh ah 8h 

2 45 55 50 45 7 
2b 50 55 55 45 45 
3 30 40 40 25 6 
9 25 30 45 40 25 
4b I5 
5 45 45 35 20 3 
9 50 50 50 40 40 

asee Experimental for details. bwith water added. 

When the procedure was applied to the di-p-nitrobenzenesulfonate (4), the 
m&ure became dark before it was heated. 

(f) From methyl 4,6-0-benzylidene-a-D-mannopyranoside 2,g-thionocarbonate (11). 
A solution of ll(500 mg) in trimethyl phosphite (15 ml) was refluxed for 60 h under 
nitrogen. To the cooled mixture was added carbon tetrachloride (IOO ml), and then 
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N sodium hydroxide solution was added with vigorous stirring until the aqueous 
phase remained basic. The organic layer was separated, the aqueous layer was 
re-extracted with carbon tetrachloride (50 ml), and the combined extracts were dried 
(magnesium sulfate) and evaporated to a syrup. Crystallization from Skellysolve C 
gave 6 as white rosettes, yield 151 mg (40%); m.p. I 15-r 17”. The product was identical, 
by mixed m.p., i-r. spectrum, and X-ray powder diffraction pattern, with 6 prepared 
by method (a>. 

A solution of 6 (LOO g) in 1:3 water-acetic acid (20 ml) was heated for IO min 
at 70”, evaporated at 4o”, and the residue was coevaporated twice with toluene to 
remove most of the benzaldehyde liberated. The resultant syrup was dissolved in 
ether (3 ml) and chromatographed on a column (2 x II cm) containing silica gel 
(grade g5o,6o-200 mesh, Davison Division of W. R. Grace Co., Baltimore, Maryland) 
(20 g), with ether as eluant, and the fractions from the column were examined by 
t.1.c. (S, ether). The first 50 ml gave benzaldehyde and a small amount of yellow 
material. Fractions eluted in 60-180 ml of column effluent contained a single com- 
ponent, RF 0.3 (S, ether), and evaporation of these fractions gave the product 7 as 
a chromatographically homogeneous, pale-yellow syrup; yield ++g mg (87%); 
[~]g +36~{.7&0.4“ (c 1.6, chloroform); 1 %!g 2.95-3.15 (OH), 6.66, 9.85, 11.38~ 
(f uran) ; 1,, 218 rnp (E 8,000); n-m-r. data (see Fig. I): z 6.53 (2-proton broad 
singlet, shifts with change of concentration, disappears on deuteration, OH), z 6.18 
(2-proton doublet, Ji’,z’ 5.7 c.p.s., H-2’), t 5.22 (r-proton triplet, JI’,z’ 5.7 c.p.s., 
H-I), t 3.68 (2-proton multiplet, H-3,4), t 2.60 (I-proton multiplet, H-5). 

Anal. Calc. for CsHs03: C, 56.33; H, 6.29. Found: C, 56.68; H, 6.62. 
A sample of the syrup crystallized upon refrigeration, but the crystals melted 

when brought to room temperature. 

2-(D-glycero-I,2-DihydroxyethyI)furan di-p-nitrobenzonte 

To a solution of 7 (60 mg) in dry pyridine (3 ml) was added p-nitrobenzoyl 
chloride (340 mg), and the mixture was kept for 24 h at room temperature. Water 
(0.1 ml) was added, the mixture was diluted with ether (80 ml), and the ethereal 
solution was washed successively with aqueous sodium hydrogen carbonate (twice), 
cold N hydrochloric acid (twice), cold water, aqueous sodium hydrogen carbonate, 
and again with water. The dried (magnesium sulfate) extract was evaporated, to give 
a yellow solid, yield 167 mg (84x), which was recrystallized from benzene-hexane 
to give the pure di-p-nitrobenzoate of 7, m.p. 95-97”; [a]g +82.6 &r.o” (c 0.7, 
chloroform); AZ= 5.76, 7.89 &CO-O), 6.19, 6.69 (aryl), 6.53. 7.40 (NO& g-85, 
11.38 ,LC (furan). 

Anal. Calc. for C2OH14N209: C, 56.35; H, 3.31; N, 6.57. Found: C, 56.57; 

H, 3.49; N, 6.33. 

2-(D-glycero-r,2-DihydroxJ?ethyZ)furan dibenzoate 

To a solution of 7 (53.3 mg) in dry pyridine (2 ml) was added benzoyl chloride 
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(0.2 ml), and the solution was treated as described for the di-p-nitrobenzoate analog; 
yield 112 mg (80%). Recrystallization from hexane (5 ml) gave the product as very 
pale-yellow plates; yield 82 mg; m-p. 75” (after solidification, the product remelted 

21 
at 79-5-80-50); CUD -l-72.0 f0.7~ (c 1.9, chloroform); 1::: 5.69, 5-72 (OBz), 6.24, 
6.69, 6.90 (aryl), 9.78, 11.35 ,u (furan); n.m.r. data: t 5.13 (a-proton doublet, JI’,~’ 

5.7c.p.s., H-2’), t 3.51 (pproton multiplet, H-3,4, H-I’), t I-95, 2.49 (multiplets, 
phenyl, H-5); X-ray powder diffraction data (low-m-p. form): 8.72 s (3), 7-04 vw, 
6.14 w, 5.58 w, 5.26 s (2), 4.76 vs (I), 4.52 m, 4.37 w, 4.21 w, 4.11 w, 3.97 w, 3.73 s (2). 

Anal. Calc. for CeeHleOe: C, 71.42; H, 4.80. Found: C, 71.44; H, 5.00. 

Periodate oxidation of 2-(o-glycero-r,2-dihydroxyethylmran (7) 
(a) Analytical. To a solution of 7 (12.8 mg, 0.1 mmole) in acetate buffer (0.05 M 

in acetic acid and 0.05 M in sodium acetate) (IO ml) was added 0.03 M sodium meta- 
periodate in acetate buffer (12 ml), and the mixture was made up to 25 ml. Periodate 
consumption, determined by the arsenite methodss, was found to be 1.08 moles per 
mole for an aliquot taken immediately after mixin g, and an aliquot taken after 15 h 
at room temperature gave a value of 1.08 moles per mole also. 

To a suspension of 7 (12.8 mg, 0.1 mmole) in water (2 ml) was added periodic 
acid (34.2 mg, 0.15 mmole), together with sodium hydrogen carbonate (42 mg), and 
the mixture, turbid initially, was agitated for I h at room temperature. Formaldehyde 
production, determined by the chromotropic acid method36 on the resultant clear 
solution, was 0.91 mole per mole. 

(b) Preparative. To a suspension of 7 (94 mg) in water (IO ml) was added 
periodic acid (324 mg). The mixture became clear after 20 min at room temperature, 
and t.1.c. (S) of aliquot samples revealed conversion of the starting material, RF 0.3 
(S, ether) into a product RF 0.75 (S, ether) chromatographically indistinguishable from 
2-furaldehyde. The solution was neutralized with hot 10% strontium hydroxide 
solution, and the precipitated saits were fdtered, and washed with water. A small 
amount of strontium carbonate was added to the combined filtrates, and the mixture 
was distilled under diminished pressure. Water (20 ml) was added to the residue, 
and the mixture was distilled. To the combined distillate (60 ml) was added a sohrtion 
(20 ml) containing 2.5% of (2,+dinitrophenyl)hydrazine in 30% perchloric acidar. 
After I h at room temperature, the resultant red precipitate was filtered, washed 
thoroughly with water, and dried, yield 267 mg. This product was boiled with absohrte 
ethanol (20. ml) whereupon formaldehyde (2,4-dinitrophenyl)hydrazone and part of 
the 2-furaldehyde (2,4-dinitrophenyl)hydrazone were dissolved. The mixture was 
fihered while hot, and the filtered mass was washed with hot ethanol to give a deep- 
red solid, yield g4 mg, m-p. rgo-195”. Recrystallization from ethyl acetate gave pure 
2-furaldehyde (2,4_dinitrophenyl)hydrazone, m.p. 201-203~ (lit.3s m.p. 2029, indis- 
tinguishabIe from an authentic sample by mixed m.p., infrared spectrum, and X-ray 
powder diffraction pattern; X-ray powder diffraction data: 12.29 m, 10.41 m, g-39 w, 
8.26 w, 7.02 w, 6.57 m, 5.85 s (3), 5.50 VW, 5.24 w, 4.89 vvf, 4.65 m, 4.30 s (2), 3.92 w, 

3.75 m, 3.54 m, 3.25 S (I), 3.12 m. 
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The starting material 7 gave an intense black spot on t.1.c. as soon as the plate 
was sprayed with sulfuric acid at room temperature_ A sample of -furfury alcohol 
(RF 0.7, S, ether) behaved simiiarly. z-Furaldehyde did not give a bIack spot on t.1.c. 
until the sprayed plate was heated. 

Treatment of I,2-O-isopropyIidene-~,6-di-O-~p-toiylsulfonyl)-a-~-glucofuranose with 
sodium iodide and zinc dust* 

A mixture of r,2-O-isopropylidene-5,6-di-O-fp-tolylsulfonyl)-cr-D-~ucofuran- 
ose*O (zag), sodium iodide (45 g), and zinc dust (35 g) in acetone (375 ml) was refluxed 
for 21 h under nitrogen. The solution was filtered, the filtrate was evaporated, and the 
residue was dissolved in dichloromethane (IOO ml), atered from sodium iodide, 
and evaporated to a syrup, yield 7 g. Extraction of the syrup with hot Skellysolve 
C (500 ml), followed by refrigeration of the extract, gave 1,2-O-isopropylidene-oD- 
xylo-hex-5-enofuranose, yield 3.5 g (50%), m-p. 57-58”, which after purification by 
sublimation was identical with an authentic sample la2 by mixed m-p. and i.r. spectrum. 

Extraction of the crude syrup with a further two 5oo-ml portions of hot Skelly- 
solve C gave, on refrigeration, 3,6-anhydro-1.2-O-isopropylidene-5-O-(p-tolyl- 
sulfonyl)-a-D-glucofuranose; yield 3.0 g (22%), m.p. 128~; identical with an authentic 
sample”1 by mixed m-p., and i.r. and n.m.r. spectrasg. 

A second experiment, employing exhaustively dried materials, gave the crude 
product as a syrup (-7 g). Addition of methanol (30 ml) caused the anhydro sugar 
derivative to separate, and it was hltered off and washed with methanol; yield 0.52 g 
(4%), m-p. 12V. The filtrate, which contained exclusively the alkene derivative 
(t.1.c.) was evaporated, and the syrup was crystallized from Skellysolve C; yield 
5.2 g (74%); m-P. 59-60”. 
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SUMMARY 

Procedures for the introduction of the alkene type of unsaturation into cyclic 
sugar derivatives, from tram and from cis-diol precursors, have been evaluated. The 
trans-diol system in methyl 4,6-U-benzylidene-a-D-glucopyranoside (1) was converted 

*This experiment was performed by C. G. TindalI. 
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into the corresponding alkene, methyl 4,6-CI-benzylidene-a-D-er~f~z1~1-hex-2-eno- 
pyranoside (6), by treatment of various disulfonic esters (2, 3, 4, or 5) of 1 with 
potassium ethylxanthate. The latter reagent also converted the epoxide 8 and the 
episulfide 9 into 6. The esters 2, 3, 4, and 5 could also be converted into 6 by the 
Tipson-Cohen procedure, namely, the action of sodium iodide-zinc dust. The 
cis-dial analog of 1, methyl 4,6-U-benzylidene-a-D-mannopyranoside (ll), was 
converted into the alkene 6 by way of the 2,3-thionocarbonate 10. The alkene 6 is 
extremely acid-labile, and, under very mild hydrolytic conditions, it is converted into 
2-CD-glyceuo-I,%dihydroxyethyl)furan (7). Treatment of I,Z-0-isopropylidene-s,6- 
di-O-(p-tolylsulfonyl)-a-D-glucofuranose with sodium iodide-zinc dust in acetone 
gave the 5,6-alkene, together with 3,6-anhydro-r,2-O-isopropylidene-5-U-(p-tolyl- 
sulfonyl)-z-D-glucofuranose. 
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II-JTRODUCTION 

Samples of hyaluronic acid from normal and pathological synovial fluids 
have been shown1 to contain the same repeating unit, namely +&&D-GpA-(r-+3)- 
@-D-GNAc-(I+&. That subtle differences exist between normal and pathological 
hyaluronic acids has been suggested by work on the protein part of the acid complex 
by Sandson and Hamermans, and from the comparison of the mucopolysaccharides 
by Barker et aZ.3. A method is now reported which enables the undegraded protein- 
polysaccharide complex to be isolated rapidly for analysis and, at the same time, 
indicates its molecular dispersity. 

MEl-HODS 

Materials and assays 

Agar was obtained from Davis Gelatine Ltd., Warwick, England, and agarose 
from Seravac Laboratories (Pty) Ltd., Maidenhead, England. Emulphor El was a 
gift from Kodak Ltd., Kirkby, Lancashire, England. 

The synovial fluids were obtained by aseptic aspiration from patients having 
rheumatoid arthritis. 

Ultraviolet absorption was measured at 280 rnp in r-cm silica cells, using 
a Unicam SP 500 spectrophotometer. Protein concentrations were measured by a 
modification4 of the Folin methods. Reagents were prepared in the same manner, 
but I ml of alkaline copper solution was added to each 3 ml of sample. After IO rnin, 
0.1 ml of Folin-Ciocalteu reagent was added. The absorbance at 750 rnp was read 
after 0.5 h. The standard used was a solution (50 y/ml) of human 

Uranic acid was determined by the Gregory6 modification 
carbazole reaction. 

serum albumin. 
of the Dische 

Separations on 5% agar gel 

The gel was prepared as described by Andrew@. A column (bed volume, 
2.5 x 34 cm) packed with 5% (w/v) gel of 100/200 mesh, and having a z.5-cm head, 
had a flowrate of 8 ml/h of phosphate buffer (pH 7.0, I = o. I)g. Human serum (2 ml) 
containing 0.005~~ of sodium azide was run through the column. Fractions were 
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collected at ZO-min intervals and assayed for U.V. absorbance. The column was then 
thoroughly washed with buffer, and a solution of WZ-labeled hyaluronic acid* 
(2 ml) was similarly eluted. Fractions were assayed for radioactivity by drying a 
sample (0.05 ml) on a planchet and counting, for 15 min, with an end-window counter. 
The results are superimposed in Fig. I. 

-. 1 60 

I\ 
ii 

/ 40 

! \ 

I \ ::. 

20 

4L 

1 
20 

Fraction number 
Fmction numter 

Fig. I. Separations on 5% agar gel. 
radioactive hyaluronic acid. 

, optical density (O.D.) at 280 rnp (protein); x-x 

Fig. 2. Virus separation on 3% “block” agarose. 
O.D. at 412 m,u (haemoglobin). 

* O.D. at 260 rn[& (nucleic acid); - - -, 

Separations on agarose gel 
(a) Gels prepared by the disintegration of blocks of agarose gel. Agarose gels 

(I, 2, and 3%, w/v) were prepared by the method used for 5% agar*. Columns (1.4 x 
50 cm) of these gels were equilibrated with phosphate buffer (pH 7.0, I = 0.1)~. 
A mixture of tobacco mosaic virus, broad-bean mottle virus, and haemoglobin 
(I-ml portions) was run through each gel, at flowrates of 3.6, 2.7, and 3.6 ml/h for 
the I, 2, and 3% gels, respectively. Fractions were taken at hourly intervals, and the 
U.V. absorbances at 260 rnp and 280 m,u were measured (Fig. 2). 

Calibration of the 3% gel (Fig. 3) was continued with whole serum, turnip 
yellow virus, and broad-bean mottle virus by collecting r-ml fractions. To obtain 
the void volume of the 3% column, a culture of Serratia marcescens was separated, 
and the collected fractions were tested by growing on plates of nutrient media. 

(6) Gels prepared as beads. Agarose gels (I and 2%) were prepared, according 
to the method of Hjertenrl, using the emulsifying agent, Emulphor El. Samples 
for protein investigation were prepared on a column (34 x 2 cm) of 2% bead agarose 
(100/200 mesh) equilibrated in M sodium chioride-o.orM phosphate (pH 7.0). Synovial 
fluids were diluted four times with this buffer and centrifuged at 34.000 x g in an 

MSE 17,000 centrifuge for IO min at 4”. Portions of the supernatant solution (4-6 ml, 
depending on hyaluronic acid concentration) were applied to the column and eluted 
with the buffer, using a 5-cm head of liquid. Fractions (4 ml) were assayed for uranic 
acid content and U.V. absorbance at 280 rnp. 

A 0.001% solution b ml) of Blue Dextran 2000 (Pharmacia Ltd.) was simi- 
larly passed through this column. The fractions were assayed for U.V. absorbance 
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EGiin volume (ml) kg, mdecular weight 

Fig. 3. Calibration of “block” agarose. o, 3% gel; x, 2% gel; 0, 1% ge!. 

Fig. 4. Short-column runs of Blue Dextran and synovial fluid. 0-D. at 280 rnp (protein); 

x-x, 0-D. at 530 rnp (hyaluronic acid); - - -, O.D. at 280 mp (on lefi-hand scale) (Blue Dextran 
2000). 

at 280 rnp. This separation is shown superimposed on a synovial fluid separation 

in Fig. 4. 
To investigate the dependence of intrinsic viscosity on elution volume, columns 

(50 x 2 cm) were prepared in the buffer described by Blumberg and OgstorP. With 
a 5-cm head, the flowrate of a I% column (100/200 mesh) was 13 ml/h and that 
of a 2% column (60/100) was 25 ml/h. The synovial fluid was diluted and centrifuged 
as above, and a sample (6 ml, 1.5 ml of synovial fluid) was passed through each 
column (Fig. 5). Fractions (4 ml and 6.3 ml) from the I ok and 2% runs, respectively, 
were assayed for uranic acid content and U.V. absorbance. Intrinsic viscosities were 
measured, using four concentrations in a suspended-level dilution viscometer (buffer 
flowtime, 188.80 set), for the following fractions: 

Fraction 

(1% run) 

Intrinsic Fraction Intrinsic 
Viscosity d//g (2 0% rm) Viscosity dl/g 

16 + 17 28.6 6 28.4 

20 + 21 25.0 8 21.4 
24 f 25 20.9 IO 17.7 
28 i- 2g 18.8 I2 13.8 

Stability of the protein-polysaccharide complex 
(a) A solution (5 ml) of hyaluronate-protein complex (0.1 mg/ml), prepared 

by chromatography on agarose gel, was rechromatographed on a column (34 x 2 cm) 
of 2% agarose equilibrated in 3~ guanidine hydrochloride, adjusted to pH 7.0 with 
M Tris buffer9 (4.4 ml/l). Fractions (4.5 ml) were assayed for uranic acid content 
and U.V. absorbance at 280 rnp. 

(6) A solution (50 ml) of the complex (0.05 mg/ml) in 0.05~ sodium chloride- 
0.0005~ phosphate buffer (pH 7.0) was applied to a column (IO x 1.2 cm) of DEAE 
Sephadex A50, equilibrated in the same buffer. After a 5o-ml wash, the column was 
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I 
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\, 

40 -60 120 160 

,____!J 1.0 

40 80.- 120 160 
Elution volume(mll Elution vo!ume knl) 

Fig. 5. Agarose-bead runs: (u) 2% gel; (b) I % gel. 

O.D. at 530 my (hyalurordc acid). 
2 0-D. at 280 mp (protein); x-x, 

developed with a linear gradient formed from IOO ml each of 0.05hf and M sodium 
chloride buffer. Finally, ZM sodium chloride (25 ml) was passed through the column. 

Fractions (5.5 ml) were assayed for protein and uranic acid. The complex was also 
assayed and found to contain x I 0A (w/w) of protein before and after separation 
from fractions eluted at salt concentrations between 0.3~ and 0.4~. 

(c) A solution of hyaluronate-protein complex (25 ml, ca. 0.150 mg/ml) was 
dialysed against phosphate buffer (pH 7.4, Z = 0.1)s. The solution was centrifuged 
at 34000 x g for IO min at 4”, divided into portions (see below), and fractionated on 
a column (36 x 2 cm) of 2% agarose (100/200 mesh, equilibrated with the 0.05~ 
sodium chloride buffer described above). 

A sample (IO ml) was treated, with stirring, for 30 min at room temperature 
with succinic anhydride (I mg). During the reaction, the pH fell from 7.4 to 7.3. 
A portion (9.5 ml) was then separated on agarose. A further sample (5 ml) was added 
to a solution of perfluoro-octanoic acid (0.05 g in 4 ml of 0.05M sodium chloride 
buffer adjusted to pH 7.0). The mixture was allowed to stand for 24 h at 4O before 

being centrifuged and passed through the agarose column. A final sample (8 ml) 
was run on agarose without any treatment. Fractions (4 ml) were assayed for uranic 
acid and protein content, and for U.V. absorbance at 280 rnp. 

RESULTS AND DISCUSSION 

The proteins of synovial fluid are derived from serum13_ Using 5% agar gel 
for fractionation (chosen after examination of Andrews’ datas), it was found that 
hyaIuronic acid emerged before serum proteins (Fig. I) and hence would be expected 
to emerge before the synovial fluid proteins. However, it was not clear to what 
extent this might be due to a repulsion of the hyaluronate anion by the sulphate groups 

of the agaropectin component of aga+, or to true molecular sieving. Agarose, 
the sulphate-free, neutral component of agar, became commercially available at this 
time, and studies were begun to find a suitable concentration of gel by elution of 
viruses of known molecular size (Fig. 2)_ HjertCn 15 has published some calibration 
data. 
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The first gels were prepared by the method used8 for agar gel, that is, by dis- 
integration of a gel block. These gels were peculiar in that their sieving properties 
seemed not to vary with the concentration of the gel (Fig. 3), perhaps because of 
changes in concentration (through condensation or “bumping” of the solutions) 
while the materials were being autoclaved. It was decided from the results with the 
viruses that the required concentration was 3%, or less. 

Publication of a method for preparing agarose gels in bead form11 suggested 
that this would allow better control of concentration and give gels of higher flow 
rates, without loss of resolution. Consequently, 1% and 2% gels were prepared 
according to this methodll, using Emulphor El as the emulsifying agent. These 
concentrations were chosen because the agarose could then be dissolved by refluxing, 
whereas higher concentrations required repeated autoclaving. Further, the more- 
open gels would, it was hoped, separate the hyaluronic acid, not only from protein, 
but also into fractions having various molecular sizes. 

Samples of synovial fluid were always diluted before gel filtration. With columns 
of 50 i< 2 cm, samples (1.5 ml) of synovial fluid, diluted (to 6 ml) with the appropriate 
buffer, could be clearly separated into hyaluronic acid and protein components. The 
flow rate of the column falls as the hyaluronic acid is eluted and then rises to the 
initial value. Agarose cohrmns, unhke dextran and polyacryiamide moIecuIar sieves, 
contract slightly (2-4x) h w en elution is begun and, therefore, samples were applied 
to columns that had been eluted for at least one hour and had settled to a steady 
length. Column measurements reported herein are for flowing columns. Samples 
are best applied by layering them above the gel (no added solute being required since 
the diluted fluid is more dense than the buffer). With Iarger columns (4 x 50 cm), 
up to 5 mI of synovial fhrid could be used, but the ffow rate must then be restricted. 

Fig. 5 shows results (using 1% and 2% gels) for r-5-ml samples of a synovial 
fluid from a case of rheumatoid arthritis. This synovial fluid was unique, amongst 
those studied, in having two polysaccharide peaks in its elution pattern, both of 
high molecular weight. This feature permitted an investigation of the intrinsic 
viscosity of fractions in the centre of the geIs’ sieving range (other fIuids gave insuf- 
ficient hyahrronic acid at this position). Elution of Blue Dextran 2000 (Pharmacia Ltd.) 
from 2% agarose gave a distribution rising to a peak before the peak for normal 
protein (Fig. 4), and the second polysaccharide peak was eluted before that of the 
Blue Dextran. The increased pore size of the I% gel leads to a spread of the hyal- 
uranic acid over 80 ml of eluate, compared to 40 ml for the 2% gel_ It also is com- 
pletely permeable to serum proteins, whilst the 2% geI is shghtly less permeable. 

Measurements of intrinsic viscosity were made on fractions from each column, 
and are shown in Fig. 6. The results fit a logarithmic relationship better than a linear 
relationship for intrinsic viscosity and elution volume. Fractions having intrinsic 
viscosities up to 34 dI/g have been obtained with other synovial fluids. The elution 
position is therefore related to intrinsic viscosity and hence to molecular size. Granathl6 
has built up molecular weight distributions from the fractionation of dextran on 
dextran gels, but, for a comparison of materials, the elution profile is sufficient. 
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40 60 Ii0 140 
Elution volume (ml) 

Fig. 6. Intrinsic viscosity as a function of eiution volume [7, 1% gel; o, 2% gel. 

However, since a solution of hyaluronic acid itself acts as a molecular sieveIT, the 
elution profile will be influenced by the concentration and size distribution of the 
hyaluronic acid (a molecule would tend to be eluted more slowly in the presence of 
hyaluronic acid). If possible, comparative experiments should, therefore, be performed 
at the same concentration of hyaluronic acid (0.75 mg is a suitable quantity). 

From the point of view of preparing the protein-polysaccharide complex, 
the 2% gel gives the better separation of hyaluronic acid from protein, whilst the 
I% gel shows better resolution of the hyaluronic acid into molecular sizes. However, 
since the second peak is unusual, the 1% gel will normally be suitable for both 
purposes. Oberg et &.ls have shown the I% gel to be superior to 2% gel for separating 
deoxyribo- from ribo-nucleic acid. When another rheumatoid fiuid was separated, 
the protein peak was examined for hyaluronic acid of low molecular weight. The 
protein peak was separated on DEAE Sephadex as described by Barker et aZ.19. 
This showed that hyaluronic acid of low molecular weight accounted for not more 
than 5% of the total hyaluronic acid. 

There is, under both the I % and 2% hyaluronic acid peaks, a small peak of 
u-v.-absorbing material. This is lower and more diffuse in the 1% elution pattern, 
indicating that it may be associated with the hyaluronic acid. U.V. spectra showed 
that this absorbance arose from protein rather than U.V. scatter from the polysacchar- 
ide of high molecular weight. Protein has been found in hyaluronic acid prepared 
by other means 2*30 but it is not yet certain whether this is a covalent or ionic asso- , 
ciation. When it was found that re-passage of the hyaluronic acid through 2% 

agarose did not produce any new U.V. peak near the protein region, the hyaluronic 
acid was treated under various conditions which would have led to the dissociation 
of an ionic complex, or to precipitation of an impurity having a high molecular 
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weight (insufficient material was available for ultracentrifugal and electrophoretic 
examination). The first method was to elute the agarose column with a buffer of 
greater dissociating powersr, 3~ guanidine hydrochloride. This failed to produce a 
new U.V. peak when hyaluronic acid was re-passed through the agarose column. Next, 
DEAE Sephadex, which has been shown to break otherwise inseparable com- 
plexessssss was used. The uranic acid coincided again with the protein, the amount 
(I I %) of which was unchanged. 

Another possible approach with ionic complexes is to alter the charges on 
the basic amino acids by treatment with succinic anhydridess. When hyaluronic 
acid, which had been treated in this way, was compared with a blank, the protein 
percentage was only slightly changed (10.4 to 9.4%). A similar result was obtained 
when the hyaluronic acid was treated with perfluoro-octanoic acid, which has been 
found to precipitate protein from nucleic acid complexes24. The change is probably 
not significant at the very low levels of protein being assayed here. 

A complex containing ca. 10% of protein, from pathological fluid, has been 
reported by Sandson and Hamerman2 They also reported that normal synovial 
fluid contained a complex having a lower content of protein. We have not yet exam- 
ined normal synovial fluid, but, in preliminary amino-acid analyses of the protein 
in synovial hyaluronic acid isolated from rheumatoid fluids, the most abundant 
amino acid was found to be serine, which has been shown to fo_m, with D-xylose, 
the protein to polysaccharide linkage in other mucopolysaccharidesss~ss. 
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SUMMARY 

A method is described for preparing an undegraded, hyaluronic acid-protein 
complex from synovial fluid, and which gives, at the same time, a picture of molecular 
weight heterogeneity in the hyaluronic acid. The protein is shown to be &mly bound 
to the polysaccharide. 
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PART IL SYNTHETIC DIHYDROSULFATIDES 
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INTRODUCTION 

Sulfated glycolipids (sulfatides), which were first obtained from nervous 

tissuel.2, were characterized as cerebroside sulfate esters more than thirty years ago3. 
Since then, they have been isolated from many animal tissue@. In metachromatic 
leucodystrophy (a sphingolipidosis), there is an accumulation of sulfatides in various 
organs, and the biochemistry of the disorder is under active investigation at presenW. 

For about a decade, the accepted structure for these compounds was galacto- 
sylceramide 6-sulfate. The point of attachment of the sulfate ester to the sugar moiety 
was established on the basis of the lack of reactivity of the molecule with chlorotri- 
phenylmethane7 and the isolation of 2,3,4-tri-O-methyl-D-galactopyranose from the 
hydrolyzed permethylated material 8. However, it was shown that in cerebrosides 
(with an unsubstituted C-6 hydroxyl group) reaction with chlorotriphenylmethane 
does not take place, even under forcing conditionss. Furthermore, the identification 
of the methylated galactose was performed by comparison of its rate of migration 
on paper chromatograms with that of an authentic specimen. Unfortunately, this 
method was not conclusive since the RF values of 2,3,4-tri-O-methyl-D-galacto- 
pyranose and of its 2,4,6-tri-O-methyl isomer are almost identical. More careful 
work involving the separation of the methyl ethers by gas-liquid chromatography, 
and also the preparation of crystalline derivatives+11, showed that the earlier con- 
clusions were invalid. The specimens of sulfatides investigated were shown to be 
galactose 3-sulfate esters. The possibility of the occurrence of a 3,6-cyclic sulfate12a 13, 
however, still exists. 

Chemical sulfation of natural cerebrosides has been achieved 14J5, and a product 

was isolated which was shown to be different from the sulfatide’s. It was concluded 
that a derivative of galactose 6-sulfate had been obtained. 

Apart from the possibility of different sites of linkage of the sulfate group, 
the sulfatides are, in fact, isolated as mixtures of the general structure (galactosyl 
sulfate)-IV-acylsphingosine, where the amino group of the sphingosine moiety is 
acylated by substituents derived from a variety of straight-chain fatty acids. The 
latter may be divided into two main groups, namely non-hydroxylated and hydroxy- 
lated straight-chain fatty acids. The naturally occurring compounds thus correspond 
to the sulfate esters of the cerebrosides cerasine (non-hydroxylated fatty acids) and 
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phrenosine (hydroxylated fatty acids). On t.1.c. they migrate as two spots, which 
have been assigned to the two different types of sulfatides present 16J7. 

It was considered of value to synthesize these substanCes unequivocally for 
comparison with the natural products_ The synthesis would make available pure 

sulfatides bearing only one deEned fatty acid moiety which could be varied at will. 
The method might also give a possibility of preparing 35S-labelled compounds whose 
metabolism could be followed. 

The simplest type of compound in this series is the one derived from Wacyl- 
&dihydrosphingosine*, where the acyl group is non-hydroxylated. For an unam- 

biguous synthesis, suitably substituted cerebrosides are required_ Protecting groups 
must be such that their removal does not lead to undesirable side-reactions at other 

R3 

C’-‘, 
-3 

RI R2 R3 R4 2 R=OTs 

i_H OH on on 3 R= OCH$Z,& 5 

8 H t3r OAc OTs 7 
9 OMe H OAc 07s 10 

parts of the molecule. Dihydrocerebroside derivatives of the required structure for 

RI R2 R3 R4 R5 

H Br OH OAC OAc 
OMe H 0% OAc OAc 

OMe H OTs OH OH 

the preparation of 6-sulfate esters have recently been described’s, but the corresponding 

starting-material for the 3-sulfate is not yet available. 

Discussion 

the name”mAihydrosptigosie a indicates DL-erythro-2-amino-1,3_octademnediol. 
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The structure of (5) was confirmed by conversion, in high yield, into methyl 
2,4,6-tri-O-acetyl-3-O-p-tolylsuIfonyl-~-D-galactopyranoside (7).The pure, crystalline, 
compound -was identical with an authentic specimen, prepared by the following 
method: The known 4,6-O-ethylidene-1,2-O-isopropylidene-3-U-p-tolylsulfonyl-a-D- 
galactopyranose (2)19 was treated with a solution of hydrogen bromide in acetic acid 
with the expectation of removing the acetal groups and-producing, directly,. 2,4,6- 
tri-O-acetyl-3-O-p-tolylsulfonyl-cr-D-galactop~anosyl bromide. However,-to facilitate 
solution uf compound (2) in the acid mixture, dilution with anhydrous chloroform 
was necessary. After treatment under these mild conditions, a crystalline bromide 
was isolated, the elementary analysis of which indicated the structure 2-UTacetyl- 
~,6-O-ethylidene-3-O-p-tolylsulfonyl-a-D-galactopyranosyl bromide (8). Treatment of 
this bromide with methanol in the presence of mercuric cyanide gave methyl 2-S 
acetyl-4,6-U-ethylidene-3-O-p-tolylsulfonyl-~-D-galactopyranoside (9) which was 
converted into methyl 2-O-acetyl-3-O-p-tolylsulfonyl-8-D-galactopyranoside (10) and 
methyl 2,4,6-tri-O-acetyl-3-O-p-tolylsulfonyl-8-D-galactopyranoside (7). This series 
of reactions -was followed by n.m.r. spectroscopy, the presence of the ethylidene 
group in compound (9) being clearly shown by a doublet at 8.65 z which was absent 
in the spectra of the products (10) and (7). The number of acetyl groups (n.m.r.)incom- 
pounds 7,9, and 10 also agreed with the proposed structures, as did their elementary 
analyses. Compound (7) is different from the derivative described by Wolfrom 
et aZ.20 as a methyl tri-O-acetyl-O-p-tolylsulfonyl-~-D-galactopyranoside with the 
tolylsulfonyl group being located at C-2,3, or 4. The present work thus eliminates 
one of these three possibilities. 

6 
11 
12 

13 

14 
15 

Q-435 

Rl R2 h I4 RI R? R-3 
OH H OAc OAc 16 OS03H H %I OH 
OAc H OAc OH 17 OH H OH OS03H 
OAc OAc H OH 18 OH OH H OS03H 

OS03H H OAc OAc 

OAc H OAc OS03H 

OAc OAc H OS03H 

The dihydrocerebroside derivatives (6,11, and 12) reacted with pyridine-sulfur 
trioxides1 in pyridine to give the sulfated esters (13,14, and 15) in good yield. In two 
cases (13 and 14), crystallization from methanol sufficed to render the products 
analytically pure. 

Catalytic transesterification gave the dihydrosulfatides (16, 17, and 18) in 
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reasonable yield. After treatment of a solution in chloroform-methanol ( I:I) with 
dilute acid to remove inorganic salts, compounds 16 and 17 were purified by 
crystallization from chloroform-methanol (2:1). A more impure specimen (18) 
required prior chromatography on silicic acid. The phenomenon, previously de- 
scribedI*, of preliminary sintering with formation of a translucent glass which cleared 
sharply at the temperature indicated as the m.p., was also encountered with the 
dihydrosulfatides. The galactose 3- and 6-sulfates (16 and 17) were distinguishable 
on t.l.c., in which the 6-sufate migrated significantly faster. Their i.r. spectra were 
similar, showing strong absorptions at 820 and 1250 cm-1 due to the equatorial 
sulfate group, and were almost identical with that of a specimen of natural sulfatidee’. 

EXPERIMENTAL 

Melting points were taken between glass slides on a Fisher-Johns apparatus 
and are corrected. Rotations were determined in semimicro tubes using a Perkin- 
Elmer No. 141 polarimeter. N.m.r. spectra were recorded with a Varian A-60 n.m.r_ 
spectrometer using tetramethylsilane as internal standard and deuteriochloroform as 
solvent. “Silica gel” refers to silica gel Davison, grade g5o,6o-200 mesh, used without 
pretreatment; the flowing method was used and elution was stepwise, in order of 
increasing polarity of the eluants. The proportion of weight of substance added to 
the column to weight of adsorbent was I to go-IOO. The fractions eluted were 2 ml/g. 
of the column. “Silicic acid” refers to Bio-Rad silicic acid, used after a preliminary 
heating for 60 min. .at IZOO, and the chromatographic columns were prepared using 
chloroform-methane! (19:r). Thin layer chromatograms were run on Kieselgel G. 
(E. Merck, Darmstadt). Analyses were carried out in the Institute’s Microanalytical 
Laboratory under the direction of Mr. R. Heller. 

q,d-O-Ethylider2e-~,2-O-isopropylidene-3-O-p-toly/su~ny~-a-D-gaiactopyranose (3) 

The method of preparation described in the literature19 was modified slightly’a. 
A mixture of dry D-galactose (60 g), freshly distilled paraldehyde (220 ml), and 
sulfuric acid (1.8 ml) was shaken vigorously for 24 h. Removal of paraldehyde by 
decantation left a sticky solid which dissolved almost completely in hot, sodium-dried 
dioxane. The insoluble material was removed by filtration, and the filtrate was cooled 
to room temperature and brought to pH 6 by the addition of sodium hydrogen 
carbonate (20 g) while stirring. After removal of the inorganic salts by titration, 
the clear solution .was concentrated in L’acuo to a sirup. Dioxane (50 ml) was added 
and the solution seeded. A crystalline solid (20 g, m.p. 182-184~) precipitated slowly. 
Recrystallization from alcohol raised the m-p. to 183-184’. 

The thoroughly dried product (4,6-0-ethylidene-a-D-galactopyranose, 1 was 
converted into compound 2 as describedIg. 

j-O-Benzyl-~,60-ethylidene-f,2-0-isopropyZidene-a-D-gaIactopyranose (3) 

Treatment of the pure p-toluenesulfonate (2) with lithium aluminum hydride 
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gave sirupy 4,6-O-ethylidene-1,2-O-isopropylidene-a-D-galactosel~. A mixture of the 
sirup (1.2 g), toluene (1.5 ml), benzyl chloride (1.5 ml), and powdered potassium 
hydroxide (1.7 g) was stirred for 5 h at 10o-105”. The reaction mixture was cooled, 
and extracted with toluene (20 ml). The toluene solution was washed with water 
until the washings were free of alkali, dried, and concentrated in uacuo to an oil 
which was purified by chromatography on silica gel. Benzene-ether (g:I) eluted 
fractions which crystallized on evaporation of the solvent. Recrystallization from 
ether-pentane gave prisms (0.5 g, 31%, m-p. 115-117~) An analytical sample, 
obtained by a second crystallization from ether-pentane, had m-p. I16-1 ISO, [=I22 
fIg.0” (c 1.54, chloroform). 

AnaL Calc. for Cl6H2406: C, 64-27; H, 7.19. Found: C, 64.58; H, 7.01. 
In later preparations, compound (3) was obtained directly from the unpurified 

oil resulting from the reaction of (1) with acetone and zinc chloride. In a typical 
example, IO g of compound 1 gave 6 g of the crude oil, from which was produced 
2.4 g (15% yield) of the pure benzyl ether (3), m-p. I 16-118”. 

r,z,4,6-Tetra-0-acetyi-D-galuctopyranose (4) 
A solution of the benzyl ether (3, I.98 g) in 60% acetic acid (15 ml) was kept 

for 3 h at 100~. The sirup obtained on concentration in uacuo showed no n.m.r. peaks 
at 8.5-8.65 T, indicating complete removal of the acetal groups. Acetylation, in the 
usual fashion, with acetic anhydride in pyridine gave a sirup (2.4 g), [c& +63-g” 
(c I .oo, chloroform). N.m.r. aromatic (l), acetate at 7.88-8.0 5 (4), no peak at 8.5-8.65 T. 

Anal. Calc. for C21H26010: C, 57-53; H, 5_98_ Found: C, 57.70; H, 5.57. 
A solution in distilled alcohol (IOO ml) was hydrogenolyzed at 50 psi., at 

room temperature, for 2 days, in presence of 10% palladium on charcoal as catalyst. 
After removal of the catalyst and the solvent, a sirup was obtained which was purified 
by chromatography on silica gel. Benzene-ether (3: I) eluted nonhydrogenolyzed 
material (Igo mg), and benzene-ether (I: I) eluted fractions (1.60 g, 78% from 3) 
from which the benzyl ether had been removed, as shown by the i.r. and n.m.r. 
spectra; and which consisted principally of the desired tetraacetate (4) 

2,4,6-Tri-O-acetyl-r-D-galactopyranosyl bromide (5) 
A solution of 4 (I -50 g) in alcohol-free chloroform (I 5 ml), containing titanium 

tetrabromide (3.8 g), was boiled under reflux, with careful exclusion of moisture, 
for 30 min. The solution was washed with a cold, saturated solution of sodium 

hydrogen carbonate and with water, dried, and concentrated in uacuo to a pale-yellow 

sirup (700 w, 39%), k&Y f146” (c 1.60, chloroform)_ The product was unstable 
and darkened after a few days, even when preserved in a desiccator over sodium 
hydroxide_ 

r-O-(z,q,6-Tri-O-acetyl_B-D-gafactopyranosyi)-3-O-ben~oyZ-N-octadecanoyl-DL- 
dihydrosphingosine (6) 

A solution of 5 (650 mg) in anhydrous benzene (5 ml) was added dropwise 
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over a period of 60 min. to a stirred mixture of IV-octadecanoyl-3-C-benzoyl-DL- 
dihydrosphingosine (1.1 g) and mercuric cyanide (400 mg), in aitromethane (30 ml) 

and benzene (IO ml), at 70~. The reaction was allowed to continue overnight at 70”. 
Purification by chromatographyl*, followed by crystallization from methanol, gave 
a product which was not completely pure (600 mg, 38x, m.p. 42-44”), [oL]~ -0.3” 
(c I. IO, chloroform). TLC. in benzene-ether (2: I) revealed a spot with RF 0.2 contami- 

nated with traces of slower-moving material (presumably ohgosaccharide derivatives). 

Anal. Calc. for CssHgsNOre: C, 68.79; H, g-76. Found: C, 69.68; H, g-88. 

I-0-(t?-D-GaZactopyranosyZ 3-sulfate)-N-octadecanoyZ-m-dihydrosphingo&e (16) 

Pyridine-sulfur trioxidegr (45 mg) was added to a solution of 6 (250 mg) in 
pyridine (I ml). The mixture was stirred for 2 days at room temperature with exclusion 
of moisture. On addition of cold water, a gel-like precipitate was obtained. This was 
separated by centrifugation at low speed and washed thoroughly with water. Crystal- 
lization from cold methanol gave a product (13) weighing 200 mg (71% yield), m-p. 
52-54”, [cx]~ f2.3” (c 0.20, chloroform). TLC. in beuzene-ether (2:1), RF 0.0, and 
in benzene-methanol (g:r), RF 0.10. 

Anal. Cak. for CssHsaNOrsS: C, 63.49; H, 9.01; S, 3.07. Found: C, 63.65; 
H, 8.89; S, 2.85. 

A portion of this product (150 mg) was dissolved in anhydrous methanol 
containing a catalytic amount of sodium methoxide, and the solution was kept at 
room temperature overnight. The addition of a little ice precipitated an amorphous 

solid which was separated by filtration, and dissolved in chloroform-methanol (I: I). 
The solution was washed, iirst with cold dilute hydrochloric acid and then with 
water, dried, and concentrated in uacuo. The residue (80 mg, 70%) crystallized from 

chloroform-methanol (2:1); m.p. 183-I@“, [& j-2.6 Cc 0.83, pyridine). 
Anal. Calc. for GsHsaNOrsS-HsO: C, 62.11; H, 10.55; S, 3.95. Found: C, 62.17; 

H, 10.26; S, 3.78_ 

I-O-(/I?-D-Galactopyt-anosyZ 6-suZfate)-N-octadecanoyZ-DL-diZ.zydrosphingosine (17) 

Sulfation of r-O-(2,3,4-tri-U-acetyl-~-~-galactopyranosyl)-N-octadecanoyl-3- 
U-benzoyl-DL-dihydrosphingosine 1s (11, 360 mg) in pyridine with pyridine-sulfur 
trioxide (65 mg), and crystallization of the product (14) from methanol gave 200 mg 
(50%) of m-p. 60_62O, [cc]~ -1.3” (c 0.82, chloroform). T.1.c.: RF 0.05 in benzene- 

methanol (9: I). 
Anal. Calc. for Cs5HgaNOr&: C, 63.49; H, 9.01; S, 3.07. Found: C, 63.25; 

H, 8.79; S, 2.88. 
Catalytic transesterification, followed by acidification of a solution in chloro- 

form-methanol as described for 16, and evaporation of the solvent, left a residue 
weighing go mg (80%); crystallization from methanol gave a product melting at 
183-185” (63 mg), [& +I.o“ (c 0.76, pyridine). 

Anal. Calc. for C42HssNOroSHsO: C, 62.1 I ; H, 10.55; S, 3-95. Found: C, 62.17; 

H, 10.42; S, 3.89. 
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r-O-(B-D-GZucopyranosyl 6-sulfate)-N-octadecanoy&x-dihydrosphingosine (18) 
Sulfation of I-O-(2,3,4-tri-O-acetyl-B-D_glucopyranosyl)-~~octadecanoyl-3-U- 

benzoyl-DI-dihydrosphingosinel* (12, 280 mg) and isolation as described for 13 gave 
a product (15) having m-p. 58-60” (200 mg, 63x), [=]g -9.4” (c 0.85, chloroform) 
which was not completely free of unsulfated material, as shown by t.1.c. 

Anal. Calc. for CssHgaNOIsS: C, 63.49; H, 9.01; S, 3.07. Found: C, 64.24; 

H, 9.61; S, 3.27. 
A portion (Igo mg) was transesterified catalytically, and the crude product 

was purified by chromatography on silicic acid. Chloroform-methanol CI~:I) eluted 
fractions which weighed 30 mg and crystallized from methanol, which gave a product 
m.p. 181-182O, [ol]g -2.0” (c 1.00, pyridine), identical with I-O+D-glucopyranosyl- 
N-octadecanoyl-DL-dihydrosphingosinels (mixed m.p. and t.1.c.). Chloroform- 
methanol (g:r) eluted fractions weighing 120 mg (80%). This material was dissolved 
in chloroform-methanol (I:I) and washed succesively with hydrochloric acid and with 
water, as described for 16. The solvent was removed by evaporation in vacua and the 
residue crystallized from methanol; m.p. r85-187O, [a]: -7.4O (c 0.68, pyridine). 

Anal. Caic. for C4aHssN010S~HzO: C, 62.1 I ; H, 10.55; S, 3.95. Found: C, 62.21; 
H, 10.21; S, 3.98. 

2-O-Acetyl-q,6-O-et~ylinene-~-O-p-tolylsuZfonyl-a-~-gaIactopyranosyI bromide (8) 
To a solution of 2 (1.0 g) in dry chloroform (5 ml) was added a solution of 

hydrogen bromide in glacial acetic acid (45x, w/v, 3 ml), and the clear solution 

was kept for 3 h at room temperature. Additional chloroform and ice were added, 
and the organic extract was washed with a saturated solution of sodium hydrogen 
carbonate until the washings were no longer acid, and then with water, and dried with 

calcium chloride. Concentration in vactco left an oily residue which crystallized on 
addition of dry ether. The product (o-7 g, 64%, m-p. 165“ dec.) was recrystallized 
from chloroform-ether to give needles having m-p. 167~ dec., [cz]~ +240° (c 0.80, chlo- 
roform). 

Anal. Calc. for Cl7HaIOsSBr: C, 43.88; H, 4.55; S, 6.89; Br, 17.17~ Found: 

C, 43.80; H, 4.37; S, 6.69; Br, 17.14. 

Methyl 2-O-acetyl-4,6-O-eth~~Iiderle-3-O-p-toiytsu~o?~yl-~-~-ga~actopyranoside (9) 
Treatment of 8 (200 mg) with dry methanol (0.02 ml), and mercuric cyanide 

(150 mg) in nitromethane-benzene (2: I) (20 ml) for I 8 h at 5o-60”, and concentration 
of the solution in vacua, left a solid residue which was crystallized from methanol. 
The product (100 mg, 56x, m.p. 155-157”) was recrystallized from methanol; m.p. 
I57-158”, [a]: +3g_g” c 1.00, chloroform)_ T.1.c.: in benzene-methanol (g:I), RF 0.60. 

iV.m.r.: A doublet at 8.65 t, J 5 c.p.s., was attributed to CHa of the ethyl- 

idene group, split by H; peaks at 8.12 t (OAc), 7.55 t (CH3 attached to an aromatic 
ring), 6.50 t (OCHs), 2.7 t and 2.2 z (doublets, aromatic sulfonate). 

Anal. Calc. for CisHtiOgS: C, 51.92; H, 5.81; S, 7.69. Found: C, 52.01; H, 5.58; 

S, 7-4o- 
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Methyl 2-O~acetyI-~-O-p-toZy~~~nyZ-~-~-~aIacto~yrano~ide (10) 
A .solution of 9 (120 mg) in 60% acetic acid (I ml) was kept.at 100~ for 2 h. The 

solvent was removed by evaporation, and the residue (m-p. 157-159”) was crystallized 

from acetone-ether: yield 75 mg (66%) of rosettes, m.p. 160-162O, RF 0.20 in benzene- 

methanol (911) (t.l.c.), [& +20.0° (c 1.03, acetone). 

Anal. Calc. for ClsHzzOgS: C, 49.22; H, 5.68; S, 8.21. Found: C, 49.25; H, 5.65; 

S, 7.98. 

MethyI z,q,6-tri-O-acetyl-3-O-p-tolylsulfonyi-~-D-garactopyranoside (7) 

(i) Acetylation of compound 10 (60 mg) with acetic anhydride in pyridine, 
in the usual fashion, and removal of the solvents by evaporation, gave 65 mg (89%) 
of rhombic prisms, m-p. 176-177”. Recrystallization from acetone-ether did not 

affect the m.p., [cY]~ t14.4” (c 1.00, chloroform). 
N.m.r.: The doublet at 8.65 z had disappeared; peaks at 8.00 T and 7.92 t 

(OAc, 3) 7.55 t (CH3 attached to an aromatic ring), 6.50 t (OCH3), 2.7 t, and 2.2 T. 

Anal. Calc. for CzoH26011S: C, 50.62; H, 5.52; S, 6.76. Found: C, 50.76; H, 5.36; 
S, 6.70. 

(ii) Compound 5 (150 mg) was added to a stirred solution of mercuric cyanide 
(150 mg) in nitromethane-benzene (2:x) (20 ml) containing dry methanol (0.03 ml), 
and the mixture was kept at 50-60” for 18 h. More benzene was added, and the 

solution was washed with a saturated solution of sodium hydrogen carbonate and 
with water, dried, and concentrated in uacuo. The residue (130 mg) was dried 

and dissolved in pyridine (I ml). p-Toluenesulfonyl chloride (65 mg) was added, 
and the solution was kept overnight at room temperature and then for 20 min at 60”. 
The sirup remaining after concentration in uacuo crystallized, on addition of ether, 
in prisms weighing go mg (47% from 5), m-p. 175-177”. Recrystallization from 
acetone-ether gave a product of m-p. 176-177O, [&jg j-14.8” cc 1.20, chloroform). 
T-IX.: RF 0.80 in benzene-methanol (g:r),indistinguishable from’the RF of an authen- 
tic specimen (7). 
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SUMMARY 

The preparation of the unstable, sirupy 2,4,6-tri-0-acetyl-a-D-galactopyranosyl 
bromide (5) from crystalline 3- 0-benzyl-4,6- 0-ethylidene-r ,2- O-isopropylidene-a-D- 

galactopyranose (3) is described. Condensation of the bromide (5) with 3-O-ben- 
zoyl-N-octadecanoyl-DL-dihydrosphingosine afforded the dihydrocerebroside deriva- 

tive ~-O-(2,4,6-tri-O-acetyl-~-D-galactopyranosyl)-3-O-benzoyl-N-octadecanoyl-DL-di- 
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hydrosphingosine (6) Treatment of the bromide (5) with methanol, followed by 
p-toluenesulfonation, gave a good yield of methyl z&,6-tri-0-acetyl-3-O-p-tolyl- 
sulfonyl-/?-D-galactopyranoside (7). 

Sulfation of the dihydrocerebroside esters (6,11, and 12) with pyridine-sulfur 
trioxide, followed by catalytic transesterification, gave sulfated products from which 
the dihydrosulfatides 16, 17, and 18 cou!d be isolated. 
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INTRODUCTION 

Optical rotations at the sodium D-line have been reported for numerous 
oligosaccharidesla2, and Hudson extended his rules of isorotation derived for mono- 
saccharides to several of these compound sugars 3 - 7. By using the molar rotations 
of methyl glycosides, these rules have been modified to obtain a more accurate 
representation of the rotatory contribution of the glycosidic linkage. Although 
accurate quantitative agreement has not generally been obtained, there have been 
many useful applications of these treatments; in particular, deductions have. been 
made concerning the configuration of the glycosidic linkage in some oligosaccha- 
ride.+11. 

Recently, optical rotatory dispersion measurements have been employed for 
studying simple monosaccharides 12=13. General rules have been proposed relating 
the direction of rotation in the far-ultraviolet spectral region to the configuration 
and conformation of aido- and keto-furanosides and -pyranoside@J4. In these 
cases, Cotton effects with expected first peaks at wavelengths below 185 rnp were 
predicted to have a considerable effect on the rotations in the far-ultraviolet region. 
Cotton effects at higher wavelengths in the ultraviolet region have been reported 
for certain sugars containing opticaEy active chromophore++18. 

Based on an examination of a select group of di-, tri-, and tetra-saccharides, 
correlations have been made between the optical rotatory dispersion properties and the 
structures of these oligosaccharides in solution. The data in the visible and near- 
ultraviolet spectral regions are in agreement with the previously presented inter- 
pretation+$Jg of the rotations at 589 rn+ In the far-ultraviolet region, the rotatory 
dispersion curves exhibit characteristic features of shape, including changes in 
direction of rotation, which have been related to the curves obtained for the constituent 
monosaccharidesl3J”. 

*This investigation was supported by Grants GM-oL$QS and GM-11597-01 from the National 
Institutes of Health, United States Public Health Service, and Grant GB-2536 from the National 
Science Foundation. 
**Department of Biological Chemistry, The Hebrew University of Jerusalem, Jerusalem, Israel. 
***Public Health Service Postdoctoral Fellow (s-Fz-CA-Ig,g#), National Cancer Institute. 
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RESULTS AND DISCUSSION 

Cyclic sugars generally exhibit plain optical rotatory dispersion curves in the 
visible and near-ultraviolet spectral regions30~21. .In many instances, however, an 
inversion in the direction cf rotation occursl2-14 near 210 m,x The optically active 
chromophore having the greatest influence on the rotations in the zoo-rnp spectral 
region was predicted to be the ring oxygen atom, whose absorption band isl3 below 
185 rnp. The configurations at the carbon atoms adjacent to the ring oxygen atom 
affect these rotations to a larger extent than do the configurations at carbon atoms 
farther removed from the ring oxygen atom. Therefore, information concerning 
the stereochemistry about the ring oxygen atom can be deduced from the direction 
of the rotatory dispersion curve, below 200 rnkl, as the first peak (or trough) of an 
expected Cotton effect is approachedl3J”. 

The neighboring stereochemistry has been shown to have a pronounced influence 
on the rotatory contribution associated with a given position on the ring. Thus, the 
configuration at C-4 of an aldopyranoside affects the rotations in the far-ultraviolet 
region, mainly because of its influence on the configuration of the hydroxymethyl 
group13 at C-5. It is, therefore, difficult to resolve the rotational contribution of any 
isolated configuration, because of the effect of its neighboring groups. For oligo- 
saccharides, it is to be expected that interaction between monomeric residues is less 
than the interaction of neighboring positions on a single ring. Consequently, the 

treatment of the optical rotatory dispersion data proposed for monosaccharides 
should apply to oligosaccharides. 

The oligosaccharides. Although slight conformational variations of the individual 
monomeric rings have been reported for some oligosaccharideP-‘4, it will be assumed, 
in discussing the optical rotatory dispersion data, that the favored conformation 
predicted for a monosaccharide residue25 is retained upon its incorporation into an 
oligosaccharide. In addition, the relative proportion of each anomeric form of the 
reducing sugar residue of the oligosaccharide is assumed to be nearly the same as 
that of the corresponding monosaccharide. 

The optical rotatory dispersion curves for a select group of disaccharides and 
for some tri- and tetra-saccharides in the spectral region between 600 and 185 rnp 
are shown in Figs. 1-4. The distinct shape of each of these curves, especially in the 
far-ultraviolet region, may be closely approximated from the sum of the curves of the 
constituent monosaccharide residues. The dispersion curves for disaccharides com- 
posed of only D-glucopyranose residues are shown in Fig. I. As was to be expected, 
sugars having cc-D-glycosidic links have much greater positive rotations than have 
the p-D-glycosides. Small differences are observed between the (r-4)-linked sugars 
and the corresponding (I-&)-linked sugars, even though the constituent mono- 
saccharide residues are the same. Evidently, the site of the glycosidic linkage on the 
reducing residue has some effect on the rotational magnitude. Rotatory dispersion 
curves of disaccharides containing D-glucose residues and D-fructose residues are 
shown in Fig. 2, and those containing D-galactose residues, in Figs. 3 and 4. 

Carbohydrate Res., 2 (1966) 38+3go 
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The shape and, in some cases, the approximate magnitude of the.curves shown 

in Figs. I to 4 may be estimated from the sum of the rotations of the component 
monomeric residues. The rotatory contribution of the glycosyl moiety may be esti- 

Fig. I. Optical rotatory dispersion curves for disaccharides containing D-glucopyranose residues. 
Curve A, a-D-glucopyranosyl a-D-glucopyranoside (cqa-trehalose); Curve B, 4-O-a-D-glucopyracosyl- 
D-ghcose (maltose); Curve C, 6-O-a-D-&Icopyranosyl-D-ghcose (isomahose); Curve D, ~-O-&D- 

glucopyranosyl-n-glucose (cellobiose); Curve E, 6-U-@-n-glucopyranosyl-u-glucose (gentiobiose) 

mated from the rotation of the corresponding methyl glycoside*. Some sample 
calculations at several wavelengths are shown in Table I. Exact numerical agreement 
between the calculated and experimental rotational values for many of the oligo- 
saccharides studied is not always achieved; this may be a result of the minor confor- 

mational differences in the monomeric residues of particular oligosaccharides or the 

changes in the environment of the asymmetric chromophore at the glycosidic linkage, 
or both. However, reasonably close agreement is achieved in most cases. 

As previously shown, the direction of the far-ultraviolet rotatory contribution 
of the hydroxymethyl group at C-5 of an aldohexopyranoside is inverted by~replace- 
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ment of an axial substituent with an equatorial substituentla at C-4. Thus, the rotatory 
contribution near 200 m;c of an equatorial C-5 hydroxymethyl group of a D-aldohexo- 
pyranoside in the Cr conformation is in the positive direction if the C-4 hydroxyl 

Fig. 2. Optical rotatory dispersion curves for oligosaccharides containing D-glUCOpyI?n’iOSyl and 
D-frUCtOSy1 units. Curve A, 0-a-D-glucopyranosyl-(r-z+)-0-p-n-fructofuranosyl a-D-gluco- 
pyranoside (mefezitose); Curve B, S-O-a-D-glucopyranosyl-D-fructose (turanose); Curve C, B-D- 
fructofuranosyl a-D-glucopyranoside (sucrose); Curve D, S-0-a-D-glucopyranosyl-D-fructose 
(leucrose). 

group is equatorial, and in the negative direction if the hydroxyl group is axial. 
Because of this “C-4 effect”, oligosaccharides containing o-galactose residues exhibit 
optical rotatory dispersion curves having slopes which are less positive in the far- 
ultraviolet region than those of the corresponding o-glucose-containing oligosac- 
charides. Thus, the observed (Fig. I) and calculated (Table I) rotations for 4-O-a-o- 

glucopyranosyl-o-glucose (maltose) andq- 0-j?-D-ghrcopyranosyl-D-ghrcose(celIobiose) 
continue in the positive direction below 210 rnp. On the other hand, the curve for 
4-O-p-o-galactopyranosyl-o-glucose (lactose) (see Fig. 3) is characterized by positive 
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rotations above 210 rnp; folIotied by a-sharp-transition to the negative direction at 
lower wavelengths. The sum of the rotations of the- two component. monomeric 
residues of lactose (methyl B-D-galactopyranoside -+ D-glucopyranose) also exhibit 

-5 - 

--6 -. 

’ 
180 220 260 300 340 JR0 420 460 500 340 580 \ 

XCmp) 
:-: -.j 
: 

Fig. 3. Optical rotatory dispersion curves: Curve A, a-0-@-D-galactopyranosyb-glucose (lactose); 
Curve B, a-0-B-D-galactafuranosyl-D-fructose (lactulose). 

this change in rotational direction in the far-ultraviolet region (see Table I). The 
curve for 2-O-/3-D-xylopyranosyI-L-arabinose (not shown), as well as the calculated 
sum of its component monosaccharide rotations, also exhibited a transition from 
the positive to the negative direction near ZIO rnp. 

The effect of the configuration at C-4 may also be seen by’ examining the 
optical rotatory dispersion difference curves shown in Fig. 5. The rotations of 

disaccharides containing nonreducing D-glucopyranoside groups are subtracted from 
those containing nonreducing D-galactopyranoside residues. A sharp decline toward 
negative rotations near 210 m,e is evident in each curve. The curves for ~-O-E-D- 
galactopyranosyl-D-glucose (melibiose) minus 6-U-a-D-glucopyranosyl-~-glucose 

carbohyciiate Res., z (x966) 380-390 
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(isomakse) (see Fig. 5) and for. a-D-gaJactopyranosy1 #?-D-fructofuranoside (“galsu- 

crose”) minus a-D-glucopyranosyl /?-D-fructofuranoside (sucrose) (not shown in 

Fig. 5) are very similar. to the curve previously obtained for methyl a-D-galacto- 

Fig. 4. Optical rotatory dispersion curves for oligosaccharides containing D-glucopyranose, 
D-galactopyranose, and D-fructose residues. Curve A, 0-a-D-galactopyranosyl-(l-+6)-0-z-D-galacto- 
pyranosyl-(1+6)-0-a-D-glucopyranosyl /?-D-fmctofuranoside (Stachyose); Curve B, O-a-D-galac- 
topyranosyI-(I++O-p-D-fructofuranosy1 a-D-gIucopyranoside (Planteose); Curve C,O-a-D-galac- 
topyranosyl-(1+6)-O-a-D-gkcopyranosyi p-D-fwctofuranoside (Raflinose); Curve D, 6-O-a-o-galac- 
topyranosyl-D-glucose (Melibiose). 

pyranoside minus methyl a-D-glucopyranoside 13. Likewise, there is great similarity 
between the difference curves obtained for the /?-D-glycosidically linked disaccharides 
(see Fig. 5) and the curve for methyl P-D-galactbpyranoside minus methyl D-D- 

glucopyranosidel3. 
Difference values between anomeric forms (Hudson’s ZA values)626,27. for 

D-glucopyranosides .having various substituents at C-I, and for methyl c+D-galacto- 
pyranoside minus methyl B-D-galactopyranoside, are given in Table II. It is evident 

Ccr&hydrote Res., 2 (x966) 38c-3go 
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TABLE II 

HUDSON’S 2A VALUES FOR SOME MONO- AND DI-SACCHARIDES 

Watieeletlglh (m@ 590 500 400 300 250 210 200 190 

Methyl or-o-galactopyranosiside minus 380 5% 9fjo 1930 3300 5440 8200 11,500 

methyl #?-D-galactopyranoside 

Methyl a-D-glucopyranoside minus 364 531 881 
G 

1770 a975 5040 6200 7.6~ 
methyl B-D-gkcopyranoside 

4-0-a-D-Ctucopyranosyl-D-ghrcose minus 336 475 836 1780 2980 5800 6660 9.2oo 
4-0-p-D-glucopyranosyl-D-glucose 
(maltose - cellobiose) 

6-O-a-D-Glucopyranosyl-D-glucose minus 350 540 858 I 690 2920 5410 6510 10,100 
6-0-/3-D-glucopyranosyl-~-glucose 
(isomaltose - gentiobiose) 

I I I I I I I I 
200 250 300 350 400 450 500 

A (In/L) 
3 

Fig. 5. Molar rotation difference curves. Each curve represents the difference in rotation between 
disaccharides containing D-galactopyranosyl and D-glucopyranosyl groups. Curve A, 4-O-/&D- 

galactopyranosyl-D-glucose minus 4-O-,9-o-glucopyranosyl-D-glucose; Curve B, 4-O-/I-D-galacto- 

pyranosyl-D-ghtcitol (Lactitol) minus 4-O-B-D-glucopyranosyl-D-glucitol (Cellobiitol); Curve C, 
6-O-a-D-galactopyranosyl-D-giucose mhUS 6-0-a-D-gbtcopyranosyl-D-glucose. 
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that, at wavelengths above 250 rnp, these 2A values agree very well for each of the 
compounds shown in TabIe II. Between 250 and 200 rnp, the values calculated from 
the D-glucopyranoside-containing derivatives are in close agreement with each other, 
but diverge significantly from the value calculated from the pair of D-galactopyrano- 
side derivatives. At rgo my, significant deviations occur among all of the calculated 
2A values. It is evident that the nature of the aglycon or other residue attached to 
C-I does not significantly a.fEct the magnitude of the rotatory contribution of the 
anomeric carbon atom. Configurational variations within the glycosylgroup, however, 
have a iarge effect on the caIcuIated value of the C-x rotatory contribution of this 
ring; this effect becomes more pronounced in the far-ultraviolet region as the anoma- 
lous portion of the curve is approached- 

CONCLUSIONS 

The optical rotatory dispersion curves of the oligosaccharides examined in 
the present study reflect the rotatory properties of the constituent monosaccharide 
residues. Therefore, the same general methods used in the interpretation of the optical 
rotatory data of monosaccharides? may be applied to the study of ohgosaccharides. 
In addition, interactions between the rings in the series of oligosaccharides studied 
appear to have much smaller effects on the rotations than asymmetric interactions 
between positions on a single ring. Indeed, Beychok and Kabatss have reported no 
unusual rotatory dispersion characteristics of oligomers (dimer through heptamer) 
of maltose and isomaltose. Thus, it has been possible for us to estimate approximate 
optical rotatory dispersion curves of oligosaccharides from the sum of the curves 
of the constituent monomeric residues (cJ: Table I). The accuracy of these estimates 
for the visible and near-ultraviolet rotations is generally in agreement with those 
made for the sodium D-line rotations - 3 r_ Of greater importance, however, is the 
fact that the shapes of the curves, including reversals in the direction of rotations 
near 200 rnic, agreed with the previously proposed ruIes relating the structure of 
monosaccharides to the direction of rotation in the far-ultraviolet regionlsJ4. 

Difference curves between galactopyranosides and the corresponding gIuco- 
pyranosides, for both mono- and di-saccharides, have been compared. The shape 
of these curves is influenced significantly by the configuration of the anomeric carbon 
atom (C-I), but is relatively untiected by the nature of the substituent at C-I. 
Thus, the difference curves obtained from sugars containing either a methyl (CL-D) 

or a 6-O-D-glucose (a-~) substituent at C-I are the same, but are different from the 
difference curves obtained from sugars with either a methyl (B-D), 4-O-D-glucose 
(B-D), or 4-0-D-glucitol (B-D) substituent at C-I. In addition, values for the rotatory 
contribution of the anomeric carbon atom (Hudson’s 2A value) are consistent over 
the 200- to 6oo-rnp spectral region for a series of D-glucopyranoside derivatives, 
irrespective of the substituent at the anomeric carbon atom. At wavelengths above 
250 m,u, the 2A values calculated from a pair of D-galactopyranosides also agree 
with those obtained from the D-glucopyranoside series. 

Carbohydrate Res., 2 (1966) 3&t--3go 
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An approach to the analysis of optical rotatory dispersion data of sugars has 
been summarized here and in the preceding paper@*14 of this series. It is evident 
that other treatments are possible and that additional potential information is inherent 
in the rotatory data. It may also be suggested that the high rotations in the far- 
ultraviolet region have analytical usefulness for quantitating and distinguishing 
between various sugars. Spectropolarimetric techniques for the enzymic assay of 
various sugar interconversions at low concentrations of substratemaybecomefeasible. 
Elucidation of the configuration and conformation of sugars of unknown structure 
may also be possible by application of the rules presented in these discussions. 

EXPERIMENTAL 

Optical rotatory dispersion measurements were performed on a Cary Model 60 
spectropolarimeter. A cell of o.6-ml capacity and r-cm path-length was used for 
most of the measurements, as previously described 1s. The slit width was programmed 
for a resolution of: better than -&o-75 rnp throughout the entire spectral region. 
Rotation values were not reported when the solutions exceeded an absorption of 
2.0. Concentrations of 0.1 percent were used for most sugars throughout the entire 
spectral range (185-600 rnp) examined. The solutions of the mutarotating sugars 
were kept in the cell until constant specific rotation values were obtained. 

Isomaltose, gentiobiose, leucrose, and melibiose were samples generously 
supplied by Dr. E. Hehre, and laminaribiose was obtained from Dr. W. 3. Whelan. 
All other sugars were commercial samples having the highest possible purity. 

SUMMARY 

Optical rotatory dispersion curves have been obtained for a series of oligo- 
saccharides. The rotatory data for the oligosaccharides, over the spectral region 
6oo-185 mp, were in general agreement with the sum of the rotations of the constituent 
monomeric residues. Distinct features of shape of the rotatory dispersion curves, 
including changes in the directional trends of rotation in the far-ultraviolet region, 
reflected the specific configurational features of the monomeric residues_ Based on 
the previously proposed treatment of optical rotatory dispersion data for mono- 
saccharides, a method has been outlined for relating the rotations in the far-ultra- 
violet region to the structure of oligosaccharides in solution. 
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INTRODUCTION 

Steric interactions between proteins and polysaccharides have been investi- 
gated recently in one of our laboratories.- Proteins transported through polysaccharide 
media by sedimentation and diffusion are’ retarded by a sieve mechanism1 -3. The 
observation that the activity coefficients of proteins are increased in the presence 
of polysaccharides can be interpreted as an indication that a polysaccharide mechani- 
cally excludes a protein from part of the solution. This exclusion hypothesis has 
been tested by a number of methods”. The steric interaction phenomena were studied 
at high ionic strengths and pH values where electrostatic interactions were expected 
to be negligible. 

However, it is important to determine the conditions where charge interactions 
do occur, in order to separate the two types of interaction phenomena. This infor- 
mation is also important in discussion of the physiological role of polysaccharide- 
protein interactions. 

We have studied the charge interactions between serum albumin and poly- 
galacturonate (a polycarboxylic polysaccharide) or chondroitin g-sulfate, which 
contains both carboxyl and sulfate groups. Albumin was used in many of the earlier 
experiments. The methods used are chromatography, sedimentation, and free 

electrophoresis. 
Polyanions and proteins are known to form insoluble complexes under con- 

ditions where electrostatic attraction between the substances occurs. A detailed 
description of this and related phenomena has been given by Bungenberg de Jong 
and-his co-worker@. Precipitation reactions involving connective tissue polysacchar- 
ides have been described by a number of author@* 7. The theoretical aspects of 
interacting protein systems have been reviewed recently by Nichols et al.8, who 
discuss, in detail, such transport systems as sedimentation, electrophoresis, and 
chromatography_ Electrophoretic studies of the interaction between polysaccharides 
and proteins have been reported by several authors70 a-16. 

*This paper is No. IO in the series “Interaction between polysaccharides and other macromolecules’* 
from the Department of Medical Chemistry, University of Uppsala, Sweden. 
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MATERIALS 

Human serum albumin (HSA) was obtained through the courtesy of Mr. H. Bjiir- 
ling, AB KABI, Stockholm, Sweden. At a concentration of 10-2 g/ml, it moved as 
a single component in the ultracentrifuge ($0, w = 4.3 x 10-l~ set) and in free electro- 
phoresis (salt concentration 0.15~; pH between 4.65 and 7.05). The albumin to be 
used for chromatographic experiments was fist subjected to gel filtration on Sephadex 
G-200, in order to remove a small amount of material of high-molecular weight 
(probably dimer) and a u.v.-absorbing contaminant of low-molecular weight. 

PoZygalacturonate (PG) was obtained as the free acid from Mann Research 
Laboratories, New York, N. Y. (Lot No. L 2266). Titration data indicated a purity 

of 9335% for the dry material which contained 1.6% of ash. The sodium salt of 
PG showed a single boundary upon sedimentation in 0.05~ sodium acetate ($0, u) = 
1.6 x 10-13 set). The molecular weight, determined by light-scattering, was 27,000 
and the limiting-viscosity number at 25O in 0.15~ sodium chloride was 120 ml/g. 

Chondroitin d-sulfate (CS). Two preparations of the sodium salt of CS were 
used. One of them (I) was a gift from Dr Lennart Rod&, La Rabida-University 
of Chicago Institute, Chicago, Ill. This was a commercial preparation (Wilson 
Laboratories), purified by precipitation using cetylpyridinium chloridel7. It contained 

34% of uranic acidIs and 31% of hexosaminelg, calculated on a dry-weight basis. 
The ratio, hexuronic acid : hexosamine : nitrogen*0 : sulfate21 was I.oo:o.g6:1.33: 
1.02, and $0, uI in 0.05~ sodium acetate was 1.2 x 10-l~ sec. The second preparation 
(11) had been used in a previous investigation, and its analytical values have been 
reported . 22 Glucosamine represented about 5% of the total hexosamine in both 
preparationslg. 

Polysaccharide gels. Gels were prepared from pectin (N-F. pectin, Mann 
Laboratories) and from preparation I of CS by cross-linking them with epichloro- 
hydrin23. Pectin (the methyl ester of PG) was used as starting material instead of PG, 
since the latter would not form gels under the conditions used. The gels were prepared 

as follows: CS (IO g) and sodium hydroxide (2.85 g) were dissolved in water (IO ml). 
Pectin (IO g) and sodium hydroxide (5 g) were dissolved in water (20 ml). Sodium 
borohydride (0.2 g) was added to each solution. The solutions were then mixed with 
epichlorohydrin (6.0 and 8.9 g), respectively, and the mixtures were kept for 18 h 

at 50~. The higher concentration of sodium hydroxide used for cross-linking of pectin 
was required to neutralize the carboxyl groups which are released_ The ester linkages 
are hydrolysed compIetely in the alkaline medium. 

The gels were disintegrated in a Waring Blendor and washed repeatedly with 
distilled water. Very fine particles of gel, which did not settle during the washing 
procedure, were decanted. After removal of portions for analysis, the gel suspensions 
were transferred into 0.2~ sodium chloride. An analysis of the CS-gel gave an S:N 
ratio of 0.63, as compared to 0.76 for the starting material. Apparently, the poly- 
saccharide had been partly desulfated during the cross-linking procedure. The 
GP- and CS-gels were also converted into the hydrogen-form by treatment with 
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&I hydrochloric acid, followed by exhaustive dialysis against distilled water and 
lyophilization. This material was titrated with sodium hydroxide to determine the 
content of acidic groups. PG contained 3.5 meq/g and CS contained 3.35 meqfg. 
As the degree of substitution with epichlorohydrin is unknown, it is not possible 
to compare these data with theoretical values. In unsubstituted polysaccharides, 
they would correspond to 55 and 77% of the expected vahres. 

METHODS 

Chromatography. Two columns were packed with the CS-gel and two with 
the PG-gel. The columns were 7-14 cm long and had volumes of 25-50 ml. The amount 
of dry gel used for each column was 1-2 g. The void volumes and total volumes of the 

columns were determined in runs with dextran of high molecular weight (Pharmacia, 
FDR 922) and tritiated water, respectively. The columns were eluted with upward 
flow (6 ml/h) by means of a pump. The chromatographic runs were performed at 4”. 

Before each run, the columns were washed with 5-10 column volumes of the 
appropriate buffer. Samples (13 mg) of HSA were applied to the columns in a volume 
of I ml. The effluents were collected in 3-ml fractions, and the pH and absorbance 
at 280 m,u of each fraction were determined. 

After each run, the columns were regenerated with ro-ml portions of O-IN 

sodium hydroxide and re-equilibrated with buffer. 

Ultracentrifrtgation. Sedimentation runs were made at 20~ in a Spinco Model E 
analytical ultracentrifuge in ordinary rzmm, 4”, single-sector alumina cells at 
59,780 r.p.m. The sedimentation coefficients were calculated from plots of. In x 
against time, where s is the distance between the boundary and the axis of rotation. 
The areas under the schlieren peaks were determined from enlargements by planimetry. 

Electrophoresis. Free-electrophoresis experiments were carried out in a Portable 
Aminco Electrophoresis Apparatus equipped with schlieren optics. Currents of 
10-25 mA were used, depending on the ionic strength of the media. The duration 
of a run was 1.5-3 h. In each run, an average of 6 pictures was taken on both the 
ascending and descendin g arms, and mobilities were calculated by averaging the 
displacement measurements. Conductivity measurements was performed with a 
Philips PR bridge which was calibrated with standard solutions of potassium chloride. 

All solutions to be used for electrophoresis or for measurement of refractive increment 
were first dialysed against appropriate buffers for at least 24 h. To determine whether 
concentration changes had occurred durin g dialysis, HSA and polysaccharide were 
determined by the biuretza and carbazolels methods, respectively. 

Relative concentrations in the boundaries were determined by planimetric 
measurements on enlargements. The absolute concentrations of free HSA were 
calculated”5 from its refractive increment of 0.186 ml/g. The absolute concentrations 
of the polysaccharides could not be calculated because the moving boundaries left 
behind large, stationary salt peaks (cJ ref. 16). 

Measurements of pH were made with a Radiometer pH-meter Type PHM 22r 
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equipped with a Type G 200B glass electrode. The meter was calibrated with com- 
mercial phosphate and biphthalate standard buffers. 

Dry weights of samples were determined after drying for 12 h at xoo”/o.o3 mm 
over phosphoric anhydride. The vials containing the samples were closed at 100~ in 
~acuo before weighing. 

RESULTS 

Chromatography 

The chromatographic behavior of HSA on the polysaccharide geIs was studied 
in three series of experiments. Each series of runs was made in 0.05~ sodium acetate 
buffer at pH values between 3.4 and 7.6. In two series, O.IM and 0.5~ sodium chlor- 
ide was included in the buffer. 

In each series of experiments, the results can be subdivided into three regions. 
At high pH, a11 of the HSA emerged in a peak at the void volume. (Sometimes the 
recovery from the PG columns was not quantitative). At low pH, all of the HSA 
was adsorbed to the columns and could not be eluted with 10-15 column volumes 

-of buffer. In a narrow pH-range between these two regions, some of the HSA was 
eluted at the void volume while the rest remained adsorbed to the columns. The 
column length did not influence the results significantly. 

Some resuhs are shown in Fig. I. In 0.05~ acetate, PG adsorbs HSA at higher 
pH than CS does, but, at higher ionic strengths, there seems to be no difference 
between the two types of gels. 

3 4 5 6 7 
PH 

6 

Fig. I Fig. z 

Fig. I. Recoveries of serum albumin from chromato,oraphy on CS and PG gels as a function of 
the pH of the eluant. Open symbols: CS; filled symbols: PG; (m, I) 0.05~ acetate; (0, e) 0.05~ 

acetate + O.Ihl NaCI; (A, li) o.oghf acetate + 0.5~ NaCl. 

Fig. a. Ultracentrifuge patterns from runs with mixtures ofq.6 x IO-~ g/ml of HSA and 8 X IO-~ g/ml 
of CSA in 0.05~ acetate buffers of pH 7.6 (top) and 5.1 (bottom). Speed: 59.780 r.p.m. Picture 
taken 171 min after start. Bar angle: 600. 
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Uitracentrifugation 

Sedimentation rates. Sedimentation studies were performed on several mixtures 
of HSA and PG, or HSA and CS (I), at various salt concentrations and pH values 
where chromatography and electrophoresis indicated various degrees of interaction 
between the protein and the polyacids. The sedimentation rates of the polysaccharide 
boundaries (slow boundaries) did not vary appreciably: Some representative values 
for the sedimentation rates of the “HSA” boundaries (fast boundary) are given in 
Table 1. In the presence of the polysaccharides, the sedimentation rate is decreased 
even at neutral pH in 0.15~ salt, presumably becauSe of a sieving effect of the 
polymersl-3. A further decrease is observed in the region where other methods 
indicate strong charge interaction, e.g.. at pH 5.1 in 0.05~ acetate buffer. However, 
the latter effect is small and, at maximum, is of the same magnitude as the sieve 
effect. 

TABLE I 

SEDIMENTATION RATE (SEC V IO=) OF THE FAST BOUNDARY IN RUNS ON MIXTURES OF PG OR CS AND HSA. 

Data obtained at a specified polysaccharide concentration and at five to six different HSA concen- 
trations between IO-~ and 9 s IO-~ ml/g have been extrapolated to zero HSA concentration. 

Concerrtrotiorr of polysnccharide (g/or/) x 103 o PG(4.4) CS(4.0) CS(S.0) CS(r6.0) 

Medittnt 

o.oghr acetate buffer pH-7-5 -!- 0. I hl 

sodium chloride0 
0.05~ acetate buffer pH ~5 + 0. I M 

sodium chloride* 
0.05~ acetate buffer pH 5. I. 

4-3 3-6 4.0 3.8 1.6 

4-3 3.3 3.8 3-3 r-3 

- 3.4 - 3.0 2.4 

a pH values in the five experiments were 7.5, 7.85, 7-45, 7.45, and 7.45, respectively. 
* pH values in the five experiments were 4.8, 5.1, 4.8, 4.8, and 4.65, respectively. 

Concentrations of components. Fig. 2 shows patterns obtained with mixtures 
of HSA and CS in 0.05~ acetate at pH 7-6 and 5. I. The following features are apparent: 
(a) the fast-moving boundary is larger at pH 5.1 than it is at p&I 7.6; (b) the slow 
boundary is larger at pH 7.6 than it is at pH 5.1; (c) there is a greater accumulation 
of materia1 at the bottom of the cell at the lower pH. 

The areas under the peaks in Fig. 2 were followed during the runs and were 
corrected for radial dilution 26. The areas of the slow peaks remained constant through- 
out the runs, but the fast peaks decreased in area, especially at pH 5.1 where the 
decrease was approximately 40%. This decrease was accompanied by an accumulation 
of material at the bottom of the cell. When the areas of the peaks were extrapolated 
to zero time, the area of the fast peak at pH 5.1 was 1.37 times that at pH 7.6; the 
area of the slow peak at pH 5.1 was 0.85 times that at pH 7.6. 

Patterns similar to those shown in Fig. 2 were obtained in runs with mixtures 
of HSA and PG. In this case, however, the area of the faster boundary did not change 
during the run at pH 5.1. Instead, material accumulated at the bottom of the cell 
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from the beginning, and both the fast and slow peaks were smaller than expected 
from the original concentrations of PG and HSA. 

Elecirophoresis 

The electrophoretic experiments were carried out with the individual compo- 
nents and with mixtures containing 4.6 x IO-~ g/ml of HSA and 4.0 x 10-a g/ml 
of CS (II) or 4.6 x 10-3 g/ml of HSA and 4.4 x 10-s g/ml of PG. Two series of 
experiments were made: one in 0.05~ acetate buffer (in Figs. marked A) and the 
other in 0.05~ acetate buffer containing 0.1~ sodium chloride (B). The pH was 
varied within each series. 

The electrophoretic patterns obtained with mixtures of HSA and CS at pH 7 
and pH 5.15 in 0.05~ sodium acetate are shown in Fig. 3. Each pattern shows two 

‘V- 
pH 7.0 

--Y- 

pH 5.15 

ASCENDING DESCENDING 
SIDE SIDE 

Fig. 3_ Eiectrophoretic runs of a mixture of 4.6 x 10-3 g/ml of HSA and 4 x 10-3 g/ml of CS in 
0.05~ acetate buffer pH 7.0 and 5.15. Pictures were taken 35 and 28 min after start, respectively. 
Current: IO mA. Bar angle: 30”. Arrows indicate place of boundaries at start. 

components and a salt boundary. Both the mobilities and the concentrations of the 
components differ in the two runs. 

Mobilities. The mobilities of the fast-moving boundaries on the ascending 
side did not vary significantly with pH and corresponded to those of free CS (16 x 10-5 

and 13 x 10-5 ems V-1 set-1) and free PG (14 x 10-5 and I I x 10-5 cm2 V-1 set-1 
in 0.05~ and 0.15~ sodium chloride, respectively. The mobility of the fast-moving 
boundaries on the descending side did not differ significantly from those of CS or 
PG, but the values tended to be somewhat lower than those of the free polysacchar- 
ides. The mobilities were approximately 13 x IO-~ and 12 x IO-~ cm2 V-l set-l 
for CS and 12 x 10-s and g-5 x 10-s cm2 V-1 set-1 for PG, at the salt concentra- 
tions given above. 

The Iargest variation in mobility was found for the slow-moving boundary 
on the ascending side. This is shown in Figs. 4 and 5 for CS-HSA and PG-HSA 
mixtures, respectively. The mobility of free albumin is given for comparison; Devi- 
ations from the behaviour of free albumin are observed below pH 7 in 0.05~ acetate 
and below pH 6 in the presence of o.IsM salt. In mixtures of HSA and PG, the 
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slow-ascending boundary tended to split into three peaks at approximately neutral 
pH in- 0.05~ salt. This effect is illustrated in Fig. 5(A). 

The mobility of the slow-moving peak on the descending side adheres very 
closely to that of free albumin. The only deviation from this behaviour was observed 
in 0.05~ acetate at the lowest pH (<6.0), where the boundary broadened (see Fig. 3), 
occasionally split into two, and showed a higher mobility than free albumin. 

5 6 7 PH 

Fig. 4 

6 7 PH 

0 

Fig. 4. Electrophoretic mobility of the slow-moving boundary (0, 0) in the ascending arm for 
mixtures of CS and HSA as a function oFpH. A: in 0.05~ acetate buffer; B: in o.05~ acetate buffer 
+ 0.1~ NaCl; (x- - -x): the mobility of free albumin. 

Fig. 5. The same as in Fig. 4 for mixtures of PG and HSA. 

Come&ration of components. When the pH is decreased, the fast-ascending 
and slow-descending boundaries decrease and the slow-ascending and fast-descending 
boundaries increase in size. The sizes of the peaks usually remained constant during 
any particular run. The only exception is the slow-descending peak in the system 
PG-HSA: this peak diminished slightly during the first 40 min, but remained constant 
thereafter. 

It is not possible to calculate the concentrations of components in the slow- 
ascending and fast-descending boundaries because the refractive increments of the 
polysaccharide-protein complexes are not known. However, if one assumes that the 
fast-ascending peak represents free polysaccharide and the slow-descending peak 
represents free albumin, as indicated by the mobilities, their relative concentrations 
can be calculated by planimetry. Figs. 6 and 7 show the variation of material in 
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* I * I I 

5 6 7 5 6 7 PH 

Fig. 6. Relative amount of material in the fast boundary in the ascending arm and in the slow 
boundary in the descending arm during runs of CS-HSA mixtures at various pH values. A: in o.o5hl 
acetate; Br in 0.05~ acetate + o.rhf NaCI; Arrows indicate pH values at which the constituents 
precipitate. 

“1 

5 6 7 5 6 7 PH 

Fig. 7. The same as Fig. 6 for PG-HSA mixtures. 

5 6 7 PH 
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in large quantities. PG has the same charge density as CS. From the many possible 
methods for studying the interaction, chromatography and sedimentation were selected 
because they had been used in earlier studies of the sterical .interaction between 
polysaccharides and proteinsl-4, and electrophoresis was chosen because it has been 
used extensively in studies with other interacting systems in protein chemistryg. 
Several conclusions can be drawn on the basis of our experiments. 

Tlte pH-range of interaction. The pH-range in which charge interaction occurs 
between the polysaccharides and HSA is a function of the ionic strength, as shown 
by chromatographic and electrophoretic experiments. In 0.05~ acetate buffer, HSA 
is adsorbed to the columns below pH 6 (Fig. I), whereas electrophoretic experiments 
indicate that interaction begins just below pH 7 (Figs. 4 and 5). Similarly in 0.05~ 

acetate containing o. I M sodium chioride, chromatographic experiments demonstrate 
interaction below pH 5, whereas electrophoretic experiments indicate interaction 
already below PI-J 6. in 0.55~ salt, adsorption to the columns does not occur above 
pH 4. This pH- and ionic strength-dependence indicates strongly that the interaction 
is electrostatic. 

The electrophoretic experiments show that soluble complexes are formed in a 
pH-range above the isoelectric point of HSA (pH 4.727). where both the polysacchar- 
ides and HSA are negatively charged. The fact that interaction occurs might indicate 
an uneven charge distribution on the albumin surface. Insoluble complexes are 
formed at pH 4-g in 0.05~ acetate and at pH 4.65 in o. I 5~ salt at the concentrations 
of CS and HSA used in the electrophoretic experiments. The adsorption of the protein 
to the chromatographic columns seems to be correlated with formation of insoluble 
rather than soluble complexes. That adsorption occurs at pH-values slightly above 
the precipitation point can be ascribed to the fact that the polysaccharide concen- 
trations in the gel grains are much higher than those used in free solution. 

Fig. I illustrates the interesting fact that in 0.05&i acetate buffer, but not at 
higher ionic strengths, PG has a stronger affinity for albumin than has CS. This 
might reflect different association of carboxyl and sulfate groups to albumin. Noguchi” 
found no difference between the affinities of albumin for sulfate groups and carboxyl 
groups, but he did not state the ionic strength of the medium. Electrophoretic 
experiments also indicate a difference between the interactions of HSA with the 
two polysaccharides in o.ogM acetate. The slow-ascending peak in HSA-PG mixtures 
seems to separate into several components at pH>6 (Fig. 5)_ Furthermore, the 
concentrations of free HSA and PG in O.OsM acetate at neutral pH deviate from the 
total concentrations of HSA and PG in the system (Compare Fig. 7A and B). This 
more complicated interaction between PG and HSA does not occur in 0.15~ salt. 

In a study of the interaction between albumin and dextran sulfate, which 

had a charge density 2.3 times greater than that of the polysaccharides used here, 
Thompson and McKemanl” observed complex formation even at pH 7.4 at an 
ionic strength of 0.1. They noted no complex formation at pH 8.5. 

The electrophoretic picture. In most runs, only two boundaries were observed 
in the ascending and descending arms (Fig. 3). This differs from the results obtained 
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ini many previous studies of the ;nteraction between polysaccharides and pro- 
teins7#9-lssls. However, our result is very similar to that obtained by Tsang and 
ThompsorP with the system, dextran sulfate-carbomonoxyhemoglobin. A thorough 
review of the electrophoretic behaviour of interacting systems has been written by 
Nichol et al.8, who also discuss the model systems of Gilbert and Jenkinsss. The 
interactions involved in our study seem to belong to their Class IV: the rate constant(s) 
for the formation and dissociation of the soluble complex(es) is (are) large and 
similar in magnitude. Our system seems too complicated for theoretical treatment 
at this stage, and we have not attempted to calculate rate constants for the formation 
of the complexes. The data in Figs. 6 and 7 indicate the complexity of the interactions. 
If we assume that the differences between the total concentrations of the constituents 
in the system and the amounts of free constituents measured in the fast-ascending 
and slow-descending boundaries (Figs. 6 and 7) represent the amounts of constituents 
bound in the complexes, we can calculate the ratio of HSA and the polysaccharides 
in the compIexes as a function of pH and ionic strength. Such calculations indicate 
that the composition of the complexes varies strongly with pH and ionic strength. 

The sedimentation picture. The sedimentation runs also show only two bound- 
aries_ The slower one sediments like the free polysaccharide, whereas the faster one 
has a sedimentation rate intermediate between those of the polysaccharide and free 
HSA. Apparently, this decrease in the sedimentation rate is largely due to frictional 
effects, as discussed earlierl-s, since it occurs even when chromatography and electro- 
phoresis show no signs of charge interaction. Complexes are formed at low pH, as 
indicated by the transfer of material from the slow boundary to the fast one in the 
CS-HSA system, and by the disappearance of material from both boundaries in 
the PG-HSA system. An additional decrease in the sedimentation rate of the fast 
boundary occurs when soluble complexes are present, despite the fact that the 
complexes have higher molecular weights than the original components. Therefore, 
the compIexes must encounter a high frictional resistance indicating that they retain 
the open-chain conformation of the polysaccharides. Furthermore, the complexes 
must vary widely in size, since some material seems to disappear from the boundaries 
and collect at the bottom of the cell. In order to explain the disappearance of material 
from the boundary containing the complexes, one must also assume that the large 
complexes dissociate more slowly than the small ones. However, the efectrophoretic 
mobilities of these large aggregates must be very similar to those of the smaller 
compIexes in order to account for the electrophoretic picture. 

Physiological considerations. No electrostatic interaction between HSA and 
the poIysaccharides was observed under “physiological” conditions_ This substanti- 
ates the view that the experiments designed to study steric interactionsf-4 have not 
been disturbed by charge effects. However, it is possible that proteins with isoelectric 
points closer to neutral pH might form transient complexes with polyanions. Such 
soluble complexes occur at pH values considerably above the precipitation points 
and are best studied by electrophoresis. 

Our findings indicate that the interaction between hyaluronic acid and serum 
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albumin, observed by Pigman and co-workers 1s at pH 8.6 and ionic strength 0.1, 

is not electrostatic and is probably accountable to frictional effectsZg. 
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SUMhlARY 

The electrostatic interaction between human serum albumin and chondroitin 
d-sulfate or polygalacturonate has been studied as a function of pH and ionic strength. 
The protein is adsorbed on columns of the polysaccharides at pH values slightly 
above the range where insoluble complexes between.albumin and these polysacchar- 
ides form in free solution (pH < 5.5-6 in 0.05~ salt; pH < 5 in 0.15~ salt), However, 
free electrophoresis shows that soluble protein-polysaccharide complexes exist at 
pH-values (pH(7 in 0.05~ salt; pH<6 in 0.15~ salt) weIl above the range where 
precipitation occurs. In most cases, only two boundaries are detectable, but reversible 
complex formation is indicated by changes in boundary sizes and mobilities. The 
complexes seem to be heterogenous as regards composition, size, and, probably, 
rate of formation and dissociation. Differences between the two polysaccharides in 
their interaction with albumin were observed only at low ionic strength. Apparently, 
no electrostatic interaction between albumin and the polysaccharides occurs under 
physiological conditions, which supports our view that the main interaction ill r.Gco 
is of steric nature. 
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INTRODUCTION 

In a preliminary study of the gum exudates from several Acacia species, 
Acacia nilotica (L.) Willd. ex Del. was found2 to differ in a number of interesting 
respects from those species studied prior to 1963. Thus, A. nilotica gum gave a high, 
positive specific rotation (+ 106O), a high methoxyl content (I .05x), and contained 
only traces of rhamnose that could not be estimated satisfactorily by paper chromato- 
graphy. 

In addition, A. nilotica gum gave solutions of low viscosity, and its unusually 
low nitrogen content (0.08 %) was decreased to 0.02% on electrodialysis (corresponding 
decreases are not shown by other Acacia gums9). A. nilotica could, therefore, consti- 
tute a useful limiting case in investigations into the extent of the dependence of the 
physico-chemical properties of Acacia gum solutions on their natural nitrogenous 
content, and it was therefore selected for study in preference to other available 
species”. 

In view of the inter-nodule variation observed in A. sepal gum3, a preliminary 
analytical survey of ten nodules of A. nilotica gum was undertaken. 

EXPERIMENTAL 

Origin qf Specimens. Ten large nodules of gum from Acacia nilotica were collected 
by (the late) M.P. Vidal-Hall, formerly Gum Research Officer to the Republic of 
the Sudan, at Hawata, Kassala Province, Eastern Sudan, on February 3rd, 1963. 
All of the nodtiles originated by natural exudation; nodules (I), (2), (3), and (4) were 

taken from individual small trees, nodules 5-10 from individual large trees, all 
growing in close proximity. 

Analytical Methods. The general methods have been described2, except that paper 
chromatography was carried out with the following solvent systems (v/v): (A) butan- 
r-ol-ethanol-water (4:1:5, top layer); (B) butan-I-ol-pyridine-water-benzene 
(5:3:3:1, top layer); (C) ethyl acetate-pyridine-water (10:4:3); (D) ethyl acetate- 
acetic acid-formic acid-water (18:3:1:4); (~7) ethyl acetate-acetic acid-water (g:zz); 

(F) butan-I-ol-acetic acid-water (4:1:5, top layer). 
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RESULTS 

Studies on the crude gum. The results of analyses of nodule Cl) have been pubIished2 
under the heading “A. nilorica” in Table II therein. 

Studies on gum samples purijied by electrodia1y.A Each of the ten nodules of gum 
was purified separately by electrodialysis4, and the free gum acids were isolated by 
freeze-drying; analytical data are given in Table I. Particular care was taken with 
duplicate analyses when it was observed that the results for nodule (5) differed 
significantly from the others; the results quoted are average values for satisfactory 
replicates. 

Partial hydrolysis of the gum acid, and separation of acidic sugars. Electrodialysed 
specimen (1) (16 g) was hydrolysed with N sulphuric acid (300 ml) for 12 h at 100~. 

After neutralisation (barium carbonate), de-ionisation [Amberlite IR-120 (Hf form)], 
and concentration, paper chromatography (solvents B and 0) revealed the presence 
of galactose, arabinose, glucuronic acid, and 4-O-methylglucuronic acid. Two acidic 
disaccharides were also indicated (these were, in fact, two mixtures of acidic disacchar- 
ides). 

The neutral and acidic components were separated by passage through Duolite 
A4 (formate form). Elution with water gave a neutral syrup (10.7 g) which contained 
galactose and arabinose; this fraction was not examined further. The acidic com- 
ponents were eluted with dilute formic acid to give a syrup (4.4 g) after the necessary 
isolation stages. 

Fractionation qf the acidic sugars. The acidic syrup (4.4 g) was added to a cellulose 
column (80 x4 cm) and eluted with solvent E. Fractions (IO ml) were collected; 
the contents of every third tube were examined in solvents D and E. Five main 
fractions were obtained : fraction a (tubes 24--28), 216 mg; fraction b (30-61), 1498 mg; 
fraction c (62-IOO), 931 mg; fraction d (134-307), 941 mg; fraction e (492-600), 
3og mg. The total recovery was therefore 88%. 

Examination qf the acidic fractions. (a) Fraction a had RG~Z 3.0 (solvent E) and 
crystallised readily. Recrystallisation from water gave D-glucopyranurono-63- 
lactone, m.p. and mixed m.p. 177O, [oL]~ j-19” Cc 1.0, water). 

(b) Fraction b gave a single chromatographic spot having RRha 0.91 (solvent D) 
and Raaz 0.39 (solvent B). It had [LY]~ t37” Cc 1.5, water) (Found: 0CH3, 14.6. Calc. 
for a monomethylhexuronic acid: OCHa, t4-9%). 

The pale syrup (0.4 g) was converted into the methyl ester methyl glycoside 
(0.34 g) with dry, 2% methanolic hydrogen chloride, reduced with potassium boro- 
hydride, and hydrolysed. The product (0.24 g) had R~ha 0.94 in solvent A and gave 
a single spot, having RG~Z 1-94 and 2. I, respectively, in solvents B and B. This behaviour 
was identical withthat of 4-O-methylglucose. After purification on WhatmanNo. 3MM 
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paper in solvent A, the product had OCHs, 15.0% (talc. for GH1406: OCH3, 15.6%), 
and the crystalline phenylosazone had m-p. 156” (lit., 157-160”), after two recrystal- 
lisations from hot water. Fraction b was thus 4-O-methyl-D-glucuronic acid; the 
amide of methyl 4-O-methyl-a-D-glucopyranuronoside was obtained as large, 
colourless plates, m-p. 231~ (lit., 232-236“), [c&? +140” (c 0.5, water). 

(c) Fraction c gave a single spot corresponding to D-glucuronic acid in solvent D: 
examination in solvent B showed the presence of a trace of galactose. In view of the 
identity of fraction (a), this fraction was not examined further. 

(d> Fraction d had [cz]~ f55” (c 1.0, water), and partially crystallised. Exami- 
nation in solvents D &d E gave spots (brown with aniline oxalate spray) having 
RG=~ o-69 and 0.66, respectively. Hydrolysis (2~ sulphuric acid, 6 h) and subsequent 
examination (solvent D) showed the presence of galactose and 4-O-methylgfucuronic 
acid in equal proportions (visual examination). A small portion of the fraction 
(80 mg) was treated with methanolic hydrogen chloride, reduced with potassium 
borohydride, hydrolysed, and fractionated on 3MM paper in solvent A, to give 
4-O-methyl-D-glucose [28 mg; phenylosazone, m-p. 158” (lit., 15g”)], [c&! +58” 
(c 0.1, water); and D-galactose (31 mg; m-p. and mixed m-p. 156”). 

Fraction d (500 mg) was methylated with dimethyl sulphate and sodium 
hydroxide, followed by methyl iodide and silver oxide, to give a product (286 mg; 
OCHs, 52. I %) which was reduced with lithium aluminium hydride. The methylated, 
neutral product (213 mg) was hydrolysed (N hydrochloric acid, 4 h); the hydrolysate 
gave 3 spots (& 0.84, 0.72, o-69) in solvent A. The three components were separated 
on a cellulose column (2 x 38 cm) using butan-I-o&light petroleum (7:3), saturated 
with water, as eluant. The first component (68 mg) had & 0.85 (solvent A), was 
identical with 2,3,4-tri-U-methyl-D-glucose in solvents A, B, and -F, and gave an 
anilide, m.p. 152“ (lit., 145-150~). The second component (18 mg) had RG 0.71 
(solvent A), was identical with 2,3,6-t&O-methyl-D-galactose in solvents A and F, 
and was oxidised with bromine to 2,3,6-tri-O-methyl-D-galactonolactone, m-p. 96-97” 
(lit., 98”). The third component (17 mg) was identical with 2,3,+tri-O-methyl-D- 
galactose in solvents A, B, and F, and gave an anilide, m.p. and mixed m.p. 166” 
(Iit., 167-170~). 

Separation of the aldobiouroltic acids in Fraction d 
Fraction d was suspected to be a mixture of monomethylaldobiouronic acids 

when the rotation for the corresponding fraction from the other specimens of A. nilo- 
tica was observed to vary signifkantly from +48 to f71”. Separation of fraction d 

into two aldobiouronic acids was achieved on strips (4” wide) of 3MM paper, in 
solvent D for g6 h. The chromatograms were freed from acidic solvent by air-drying 
for 48 h, followed by heating for 5 min at 150”. The located zones were eluted with 
cold water to give aldobiouronic acids A (IOI mg) and B (95 mg). 

Excmination of aldobiouronic acids A and B 
Acid A (IOI mg) had &oZ 0.79 (solvent 0) and [cz]~ fg3” [c 1.0, water). 
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A sample (40 mg) was converted into the methyl ester methyl glycoside; one half- 
portion of the product was reduced with potassium borohydride and hydrolysed. 
The products were chromatographically identified (solvent A) as galactose and 
4-O-methylglucose. The second half-portion reduced 1.8 mol. of sodium periodate. In 
duplicate experiments, the aldobiouronic acid gave, on periodate oxidation, 1.01 and 
1.04 mol. of formaldehyde, indicating that C-6 of the D-galactose residue was not 
involved in a linkage. These experiments, considered in conjunction with the 
methylation evidence reported above for acidic fraction (d), led to identification of 
acid A as 4-0-(4-0-methyl-a-D-glucopyranosyluronic acid)-D-galactose. 

Acid B (yield 95 mg) had RG=Z 0.68 (solvent 0) and [z]g +6” (c 0.95, water). 
Methanolysis, followed by potassium borohydride reduction and subsequent hydroly- 
sis, gave only galactose and 4-O-methylglucose(solvent 0). Periodate oxidation of the 
aldobiouronic acid at pH 8 gave no formaldehyde. The methyl ester methyl glycoside, 
on oxidation with sodium periodate in darkness for 2 days at room temperature 

consumed 3-1 mol. of periodate. These experiments, considered in conjunction with 
the methylation evidence reported above for acidic fraction (d), led to the identi- 
fication of acid B as 6-O-(4-0-methyl-fl-D-glucopyranosyluronic acid)-D-galactose. 

(e) Fraction e (309 mg) had [a]g +31” (c 1.2, water) and gave, after hydrolysis, 
only galactose and glucuronic acid (solvents B and 0) Methanolysis, followed by 
potassium borohydride reduction and hydrolysis, gave only galactose and glucose. 
Chromatographic separation in solvent D for 120 h was required to reveal the 
presence of two components having Rcaz 0.21 (major component) and 0.28. Fraction 
e was then fractionated on 3MM paper (4” wide) in solvent D for 160 h to give 
aldobiouronic acids C and D. 

2Zxanzinatiorz of aldobiozcronic acids C and D 

Acid C (103 mg) had Rear 0.21 (solvent 0) and gave [cc]~ -5” (c 0.4, water). 
It was chromatographically homogeneous and identical in solvents D, E, and F 

with 6-0-(p-D-glucopyranosyluronic acid)-D-galactose. Reduction of the methyl ester 
methyl glycosides with potassium borohydride, followed by hydrolysis, gave only 
galactose and glucose. Methylation of a portion (80 mg) by the Haworth and the 
Purdie methods, followed by reduction (lithium aluminium hydride), gave a product 
(38 mg) which, after hydrolysis, was fractionated on 3MM paper in solvent A to 

give 2,3,4-tri-O-methyl-D-glucose (14 mg) [Rcrsr 0.85 (solvent A); anilide, m.p. f148” 
(lit., 145~1500)] and 2,3,4-tri-O-methyl-D-galactose (I I mg) [Roar 0.67 (solvent A), 
chromatographically identical with an authentic specimen in solvents A, 0, and F; 
attempted preparation of the an&de did not yield a crystalline product]. 

Acid D (18 mg) had Rccrr 0.28 and 0.32 on Whatman No. I and 3MM papers, 
respectively, in solvent D, and had [cL]~ -I- 107’ (c o. I, water). Hydrolysis gave only 
gaIactose and glucuronic acid; periodate oxidation at pH 8 for 24 h gave 0.93 moI. 
of formaldehyde. This acid has subsequently been obtained from other Acacia 
species, and has been more rigorously characteriseds as 4-O-(a-D-glucopyranosyl- 

uronk acid)-D-galactose. 
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DISCUSSION 

The analytical results in Table I supplement the limited data of this type 
extant3~6; the additional work involved in such an approach is justified for the 
following reasons. 

For such complex polysaccharides, it is reasonable to expect that some variation 
in composition and properties may exist between gum specimens exuded by different 

trees of -a particular species (it is becoming apparent that the inter-nodule variation 

for one species may be greater than that for another). This investigation has shown 

that a knowledge of the inter-nodule variation is useful whenever an aspect of heter- 

ogeneity, or the possibility of fractionation, is involved. 

In this study of A. niictica, the natural exudates, collected on the same day, 

from ten different trees growing in close proximity, have been examined. This approach 

can be extended to examine (i) the seasonal variation for a species, (ii) the variation 
between specimens from geographical locations differing in climate and type of soil, 

and (iii> the variation between exudations resulting from different stimuli, e.g., 

from tapping, from natural processes, from diseased trees, and from trees attacked 

by ants or borer beetles. Such studies could provide useful evidence regarding the 

mode of biosynthesis of gum and the nature of the carbohydrate systems serving 

as gum precursors in the tree. 
The available analytical data substantiate the view3 that a single, gum nodule 

is itself complex and offers the simplest system available for structural investigation_ 
Recent developments in analysis make such an approach possible if the collection 

of reasonably large nodules can be arranged. A preliminary analytical survey of 

several nodules is, nevertheless, required, to select the most representative nodule 
of the species for structural study, and to establish the extent to which it varies from 
other specimens. Thevalue of this approach is seen in Table I,fromwhich specimen (5) 

must be regarded as atypical (in some respects) of the A. niloticu species. On the basis 

of present knowledge, there is, however, no evidence that specimen (5) did not origi- 

nate from A. nifotica. The ten specimens studied were collected by an accepted 
authority’ on the Sudanese Acacias, whose undertaking was, in the research coliabor- 
ation between the Sudanese Department of Forests and this laboratory, to collect, 

personally, only specimens which could be authenticated beyond doubt. Acacia 

nilotica is, moreover, distinctly characteristic to a trained fieldsman; the species 
resembling it most closeIy is A. arabica. Inspection of the available analytical data 

for Acacia species” indicates that although A. pycnantha, A. arabica, and A. fistuia 

each have SOltle feature in common with specimen (5) in Table I, its analytical charac- 

teristics, taken as a whole, do not suggest that it would be more correctly assigned to 

any other species for which information exists. Although this view may require 
alteration in the future, the present reserve associated with this specimen further 

justifies a limited, preliminary, analytical survey of the nodules of any gum species 
under structural investigation. 

Determinations of the traces of rhamnose in A. nilotica could only be achieved 
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by a spectroscopic method developed7 for the purpose. Several Acacia species are 
. now known to contain (1% of rhamnose, and this cannot now be considered a 

major constituent in alI Acacia gums (c$ ref. 8) Furthermore, polysaccharides 
containing both D-glucuronic acid and its 4-O-methyl ether are no longer unusual 
(CA ref. 8); these acids occur conjointly in species of the AZbizid>s, Khqd” and, 
now, of the Acacia genera. 

Methoxyl groups were recently reported9 to occur in Acacia species; the rela- 
tively high methoxyl content in A. nilotica has facilitated the present confirmation 
that the methoxyl groups are structurally significantg. Prior to this investigation, 
only A. karroo” and A. Senegal1 had been reported to contain two aldobiouronic 
acids; on re-examination, those species previously reported to contain only 6-0- 

(b-D-glucopyranosyluronic acid)-D-galactose may be found to be more complex. 
The optical rotation data presented for acid fraction (6) and its components 

give an indication of the extent to which heteropolymolecularityl is displayed by 
A. nilotica gum. Calculation shows that the proportions of the monomethylaldo- 
biouronic acids A and B vary, iu the nodules examined, from approximately I:I to 
3:1_ Furthermore, with the recovery of these monomethyl acids accounting for the 
observed methoxyl content, and with no evidence of alternative locations for the 
methoxyl groups in this or other Acacia species 135, the inter-nodule variations in 
methoxyl content suggest that the heteropolymolecularity extends to differences in 
the proportions of the monomethyl acids (A + B) and the non-methylated acids 

(C -I- 0). 
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SU;MMARY 

Inter-nodule variations in the composition and properties of Acacia nilotica 
gum have been investigated. The results confirm the value of this type of analytical 
survey of a species, prior to structural studies on a single, representative nodule. 

The acidic components of the gum have been examined in detail. For the first 
time in the genus Acacia, four aldobiouronic acids, two of which contain 4-O-methyl- 
D-glucuronic acid, were present and were identified as 4-O-(&O-methyl-a-D- 
glucopyranosyluronic acid)-D-galactose (A), 6-O-(4-O-methylq%D-glucopyranosyl- 
uranic acid)-D-galactose (B), 6-0-(B-D-glucopyranosyluronic acid)-D-galactose (C), 
and 4-O-(a-D-glucopyranosyluronic acid)-D-galactose (0) 
The analytical data indicate that there is an inter-nodule variation in the proportions 
of acids A and B, and: further, in the proportions of the monomethyl acids (A + B) 
and the unsubstituted acids (C + 0). 
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Notes 

Synthesis of the 4,6-dimethyl .ether of muramic acid: 

2-amino-3-0-(D-l -carboxyethyl)-2-deoxy-4,6-di-O-methyl-~~D-glucose* 

Investigation, by the methylation procedure, of the chemical structure of the 
carbohydrate backbone of bacterial cell wall, and of the tetrasaccharide obtained 
after degradation with lysozymelJ requires the preparation of various methylated., 
derivatives of 2-amino-3-0-(D-I-carboxyethyl)+deoxy-D-glncose (muramio acid) as 
reference compounds. The present work reports the synthesis of the q,ddimethyl ether. 

Methylation of methyl 2-acetamido-2-deoxy-3-0-[D-I-(methyl carboxylate) 
ethyl]-a-D-glucopyranoside3 (I) in iV,N-dimethylformamide solution4 gave the crystal- 
line 4,6-dimethyl ether (II). This compound was hydrolyzed to give crystalline a- 

amino-3-O-(D-r-carboxyethyl)-2-deoxy-~,6-di-O-methyl-cc-D-glucose (III). Crystalline 
n-acetamido-pO-(~r-c~boxyethyl)-2-deoxy-~,6-di-O~methyl-a-D-glucose (IV) was 

obtained by N-acetylation of compound (III). 

cH,OR ?-k.OC% 

IR=H I5 R=H 

II R=CH3 IT R=COCH3 

EXPERIMENTAL** 

Methyl 2-acetamido-#,d-di-O-nrethyZ-2-deony-3-O-[D-E-(methyl carboxyZate)ethy&a-DL-D- 

glucopyranoside (II) 

A mixture of methyl 2-acetamido-2-deoxy-3-~-[D-r-(methyl carboxylate) 
ethyl]-a-D-glucopyranoside3 (I, 500 mg), methyl iodide (4 ml), N,N-dimethylform- 
amide (IO ml), and freshly prepared silver oxide (3.0 g) was stirred overnight at room 

*Amino Sugars XLVI. This is publication No. dog of the Robert W. Lovett Memorial Group for 
the Study of Crippling Diseases. Harvard Medical School at the Massachusetts General Hospital, 
Boston, Massachusetts. Preliminary commtication: Abstracts Papers Am. Gem. Sot. Meeting, 

145 (1963) 1813. 
**For conditions, see previous publication5. 
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temperature. The insoluble material was separated by filtration, and washed thoroughly 
with chloroform. The combined filtrate and washings were evaporated, and the 
residue (520 mg) was dissolved in benzene and purified by chromatography on 
silica gel. A I:I mixture of ether and ethyl acetate eluted a fraction (400 mg), which 
crystallized upon evaporation. Recrystallization from ether and pentane gave needles 
(280 mg, 52x), m-p. 113-115”. After recrystallization from the same solvent 
mixture, the product had m.p. 114-116~ and [+Jz + 137” (c 1.10, chloroform). 

Anal. Calc. for GsH27NOs: C, 51.56; H, 7.79; OCHs, 35.53. Found: 51.34; H, 
7.71; 0CH3, 35.44- 

2-Amino-~-O-(D-r-carboxyethyl)-2-deo~-~,6-dZ-O-methyZ-a-D-glucose (III) 
A solution of II (80 mg) in 2N hydrochloric acid (I ml) was heated in a sealed 

tube for 8 h at 100~. The clear solution was passed through a column of Dowex-5o 
(Elf, 2oo-400 mesh, 480 X IO mm) which had been equilibrated with 0.3~ hydrochloric 
acid and washed with water (5 ml). The column was eluted with 0.3~ hydrochloric 
acid and 6 ml fractions were collected, and tested with ninhydrin. Fractions 62-89 
showed a positive ninhydrin reaction and were lyophilized. The residue was dissolved 
in water (25 ml), and shaken with small pojions of Dowex-1 (X-8, OH-) until the 
solution had reached pH 6. After filtration and evaporation, the residue (30 mg, 50%) 
was crystallized from ethanol to give needles (18 mg, 30%), m-p. 183-185~. Recrystal- 
lization from ethanol raised the m.p. to 187-188”. The compound showed mutaro- 
tation: [a]k2 t-136” (g min) + + 1 rg” (7 h) (c 0.59, water); & amtno-2deoxy-D-glucose 

2.75 on Whatman No. I paper, descending, in the solvent system 4:1:5 r-butanol- 
acetic acid-water (upper phase); infrared maxima: 660, 695, 775, 850, 870, gr5, 
925, 980, 1015, 1050, 1075, 1095, 1120, 1150, 1165, 1200, 1225, 1240, 1275, 1290, 

1305, 1320, 1370, 1410, 1450, 1515, 1535, 1565, 1625, 2910, 2930, 2960, 2990, 3010, 
3030, and 3340 cm-l. 

Anal. Calc. for C11HuNO7: C, 47.30; H, 7.58; OCHs, 22.22. Found: C, 47.52; 
H, 7.65; OCHa, 22.41. 

2-Aceta~nido-~-O-(D-r-carboxyetZzyZ)-2-deoxy-~,6-di-O-metZz~vZ-a-D-gZ~cose (IV) 

Compound II (IOO mg) was hydrolyzed, and the hydrolyzate was chromato- 
graphed and neutralized, as previously described. The residue was dissolved in water 
(2 ml), and acetylated with acetic anhydride (0.3 ml) in the presence of saturated 
sodium hydrogen carbonate solution (0.6 ml). After I h at room temperature, the 
solution was passed through a column of Dowex-5o (H-i), to remove the sodium 
ions, and was lyophilized. The residue (40 mg, 44%) was crystallized from methanol- 
ethyl acetate to give long needles (23 mg, 24x), m.p. 184-186”. The compound 
showed mutarotation: [~]g -j-69” (15 min) + +65_5” (2 h) (c 0.56, water); infrared 

maxima: 730, 790, 855, 955, 980, 1055, 1095, 1135, 1200, 1260, 1300, 1325, 1385, 
1450, 1545, 1620, 1655, 1720, 1770, 2920, 3000, 3080, 3280, 3330, and 3385 cm-l. 

Anal. Calc. for GsH23NOs: C, 48.59; H, 7.21; N, 4.36. Found: C, 48.66; 

f-L 7.23; N, 4-31. 
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Synthesis of oligosaccharides containing galactose and xylose 

Studies by Rod& and coworkers i-4 have indicated that chondroitin 4-sulfate 
and heparin are bound to protein by a glycosidic linkage between D-xylose and the 
hydroxyl group of L-serine. Two galactose residues also seem to be present in the 
carbohydrate-protein linkage region, a tentative structure of which is outlined in 
Fig. I. In order to facilitate and confirm the identification of oligosaccharides obtained 
in low yields from the linkage region of the two polysaccharides by partial acid 
hydrolysis, it was desirable to synthesize authentic compounds with structures 
possibly present in the linkage area. The synthesis of 0-/?-D-xylopyranosyl-L-serine 
has been previously described5 and the synthetic compound seems to be identical 
with the compound isolated from the polysaccharide-protein complexes. 

In the present paper, the syntheses of 3-0-/?-D-galactopyranosyl-D-xylose (l), 
4-0-,8-D-galactopyranosyl-D-xylose (z), and 0-p-D-galactopyranosyl-(I-+3)-0-@-~- 
galactopyranosyl-(1+4)-D-XylOSe (3) are reported. 
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Fig. I. Tentative structure of the carbohydrate-protein linkage region in the protein complexes of 
heparin and chondroitin 4-sulfate. 

The syntheses followed conventional lines using the Koenigs-Knorr reaction. 
Compound 1 was prepared by condensation of tetra-0-acetyl-a-D-galactopyranosyl 
bromide with +U-benzoyl-I,2-O-isopropylidene-ar-D-xylofuranose followed by re- 
moval of the protective groups. The yield of the crystalline disaccharide, m-p. rg4-rg7°, 
[a]:$0 + 12O, was 1.3%. The same disaccharide has recently been prepared enzymically 
by Got-in et a1.6, and the two substances proved to be indistinguishable. 

Disaccharide 2 was prepared from tetra-O-acetyl-a-D-galactopyranosyl bro- 
mide and benzyl 2,3-anhydro-/I-D-ribopyranosider. Condensation of the two com- 
pounds was followed by deacetylation, alkaline opening of the epoxide, and catalytic 
hydrogenation yielded 2, in analogy with the synthesis of 4-O-@-D-xylopyranosyl-n- 
xylose, reported by Aspinall and Rosss. The yield of the amorphous product, [a]$& 

+ 15”, was 36%. This disaccharide, m.p. 210-21 IO, [a]2 + 15O, has previously been 
isolated from a partial acid hydrolyzate of corn-hull hemicellulosea. 

3-0-/?-D-Galactopyranosyl-D-galactose (4) was prepared by partial acid hydroly- 

sis of larch wood arabinogalactan. The trisaccharide 3 was prepared from the O-ace- 
tylglycosyl bromide of 4 and benzyl 2;3-anhydro-/I-D-ribopyranoside, as described 
above for the synthesis of 2. The yield of amorphous 3, [a]g +18”, was 26%. The 
structure, evident from the mode of synthesis, was further confirmed by partial acid 
hydrolysis to give a mixture containing 2 and 4, and by total acid hydrolysis to give 
D-galactose and D-xylose. Quantitative analysis showed that D-galactose and D- 
xylose were present in a molar ratio of 2:1. The amount of trisaccharide obtained was 
insufficient for the preparation of crystalline derivatives. 

TABLE I 

PAPER-CHROMATOGRAPHIC AND P_4PER-ELEClTZOPHORETlC MOBILITIES OF TH?Z OLIGOSACCHARIDES. 

Oligosaccharide 

~-D-G&-(I+~):D-X~~ (1) I-9 
/?-D-G~p-(I+4)-D-Xyl(2) 0.7 
B-D-Gaip-(I++D-Ga (4) 

~~-D-G@-(I+~)-/%D-G~~JJ-(I~&D-X~~ (3) ::: 

0.83 

o.55 
0.43 
0.27 

=Paper electrophoretic mobility, relative to that of D-glucose, in germanate bufferlo at pH 10.7. 
bPaper chromatographic mobility, relative to D-galactose, in solvent A. 
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The paper electrophoretic mobilities of the synthetic digosaccharides in 
gennanate buffer10 were of the expected magnitudes. These values, together with 
some RF values, are given in Table I. 

The disaccharides described in this paper have been used for the investigation 
of the structure of the galactose-xylose linkage in the chondroitin 4-sulfate-protein 
complex4. Though a (1+3) linkage had 6rst been suggested on the basis of periodate 
oxidation data3, a comparison with the authentic compounds demonstrated unequivo- 
cally that the linkage is (1+4) 4_ Compound 3 appears to be identical with a tri- 

saccharide isolated from the chondroitin 4-sulfate-protein complex, and the charac- 
terization of the latter oligosaccharide will be reported in detail elsewhere. 

EXPERIMENTAL 

Concentrations were carried out under reduced pressure, at 40~. Melting points 
are corrected. The solvent mixtures used for paper chromatography were : (A), 
ethyl acetate-acetic acid-water (3:1:r) and (B), ethyl acetate-pyridine-water (10:4:3). 

Quantitative analyses for galactose and xylose were carried out by the anthronell 
and orcinoP methods, respectively. 

3-o-B-D-Galactopyranosyi-D-xylose (1) 
A mixture of ~-O-benzoyl-r,2-O-isopropylidene-a-D-xylofuranose~3 (5.0 g), 

Drierite (17 g), and freshly prepared silver oxide (4.4 g) in anhydrous, ethanol-free 
chloroform (20 ml) was stirred in the dark for I h. A solution of iodine (0.9 g) and 
tetra-0-acetyl-a-o-galactopyranosyl bromide (14. I g) in chloroform (50 ml) was 

added during 3 h, and stirring was continued for 20 h. T6e reaction mixture was then 
altered through a layer of Celite, and the salts were washed with chloroform. The 
combined filtrate and washings were washed with aqueous sodium thiosulfate, 
dried over calcium chloride, and concentrated to a sirup (Ig g). 

The sirup was dissolved in 80% aqueous methanol (250 ml) and stirred with 

Dowex I (OH-) (250 ml) overnight_ The mixture was filtered, the resin was washed 
with water, and filtrate and washings were concentrated to a sirup. This sirup (3.5 g) 
was dissolved in 0.05 M hydrochloric acid (175 ml) and kept at roo” for 1-5 h. The 
hydrolyzate was neutralized with 2 M sodium hydroxide, concentrated, and applied 
to a carbon-Celite column (31 x 4 cm). The column was washed with water (2 1) 
and then eluted with aqueous ethanol (4 l), the concentration of which was increased 
from o to 20x, following a linear gradient. Fractions were collected, and examined 
by paper chromatography in solvent A, and those containing pure 1 were combined 
and concentrated. The resulting sirup (70 mg) was crystallized from methanol, m.p. 
2g4-Ig7°, [a]g f12” (equil.) (c 0.7 water). 

.+o-#?-D-GalactopyranosybD-xy lose (2) 

Benzyl 2,3-anhydro-P-D-ribopyranoside’ (8.9 g) was condensed with tetra- O- 
acetyl-a-D-galactopyanosyl bromide (16.5 g), in a Koenigs-Knorr reaction, as 
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described above for the synthesis of 1. The resulting sirupy reaction product (25 g) 
was heated in 2 M aqueous sodium hydroxide (500 ml) at ioo” for 16 h. The’cooled 
solution was deionized by passage through columns of Dowex 50 (H’) and Dowex 3 
(free base), and concentrated to a sirup (8.2 g). 

The sirup was dissolved in 50% aqueous ethanol (250 ml) and stirred, in an 
atmosphere of hydrogen, with 10% palladium-charcoal (5 g). After 5 h, when the 
uptake of hydrogen (about 360 ml) had ceased, the catalyst was removed by filtration, 
and the filtrate was concentrated to a sirup (4-5 g). As revealed by paper chromato- 
graphy in solvent A, this sirup consisted essentially of disaccharide 2, contaminated 
by xylose, galactose, and some unknown compounds. Part of the sirup was purified by 
cellulose column chromatography in solvent A, yielding chromatographically pure 
2. The disaccharide, which has not crystallized, showed [C&&O +15O Cc o-5, water). 

0-~-D-Ga~actopyranosy~-(r~3)-o-~-D-~a~actopyra~o~y~-~Z~4)-D-xy/o~e(3) 

3-O-8-D-Galactopyranosyl-D-galactose (4) was obtained by graded hydrolysis 
of larch (Lark occidentah) arabinogalactan r4J5. The polysaccharide (50 g) was 
subjected to mild hydrolytic treatments, first with 0.02 M hydrochloric acid (2 1) at 
roo” for 4.5 h, to remove arabinose, then three times with 0.2 M hydrochloric acid 
(I 1) at 100’ for I h. After each hydrolysis, the high-molecular-weight material was 
recovered by neutralization with ion-exchange resin, concentration to 200 ml, and 
precipitation with ethanol (ISOO ml). The supematant fluids from the last three 
ethanol precipitations (containing mono- and oligo-saccharides) were combined, 
concentrated to a sirup (32 g), and fractionated by chromatography on a carbon- 
Celite column (70 x IO cm), using a gradient elution with aqueous ethanol. The 
effluent was analyzed by paper chromatography in solvent B, and the fractions 
containing pure 4 were combined, concentrated, and crystallized from aqueous 
ethanol, to yield the pure substance (0.75 g), m.p. 159-162O, [c&$ +64” (c 1.0, water). 

Compound 4 (0.50 g) was acetylated with acetic anhydride (5 ml) and sodium 
acetate (o-5 g) in the usual manner to yield the amorphous disaccharide acetate 
(1.0 g). This acetate was dissolved in a mixture of acetic acid (I ml) and acetyl bromide 
(2 ml). The solution was kept at room temperature for 2 h, diluted with chloroform 
(5 ml), and poured into ice-water (IO ml). The chloroform phase was washed with 
water and aqueous sodium hydrogen carbonate, dried with calcium chloride, and 
concentrated to a sirup (0.8 g)_ 

The sirupy acetylated glycosyl bromide of 4 (0.8 g) was condensed with benzyl 
‘2,ganhydro-b-D-ribopyranoside (0.45 g), and the reaction product was subjected 
to hot alkaline treatment, deionization, and catalytical hydrogenation, as described 
above for the analogous synthesis of 2. The product (0.18 g), obtained after these 
treatments was fractionated by paper chromatography on Whatman ~MM filter papers 
to yield the chromatographically pure, amorphous trisaccharide (0. I 3 g), [a]g i 18” 
(c 1.0, water). 

Total hydrolysis of 3 (I N hydrochloric acid, 3 h, 100~) yielded only galactose 
and xylose. The presence of the disaccharides 2 and 4 in a partial hydrolyzate (0.2 N 
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hydrochloric acid, I h, 100~) of 3 was demonstrated by paper chromatography in 
solvent A. Quantitative analyses showed that 3 contained 68.7% of galactose and 23.4% . 
of xylose (molar ratio 2.01: I). 
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Preparation of phenyl and p-nitrophenyl a-D-glucopyranosides 

in the assay of yeast maltase 

NOTES 

for use 

Phenyl a-D-glucopyranoside and the corresponding p-nitrophenyl derivative 
have both been recommended as suitable substrates for the assay of yeast maltase 
(a-D-ghrcoside glucohydrolase, EC 3.2.1.20)~. Several descriptions2 of the preparation 
of these substances have been published, but the experimental detail given is often 
scant, and the recommendations of different authors are not always in agreement. 
After numerous trials, the techniques described below were selected as being fairly 
simple and reproducible_ With their aid, the phenyl glycoside is readily prepared, 
though the preparation of the p-nitrophenyl glycoside requires rather more care. 

JSXPJ3UMENTAL 

Phenyl tetra-O-acetyl-a-mglucopyranoside 
Regulation of temperature (oil bath, thermostatically controlled at 120~) 

was important in the Helferich reaction”, since, above 140”, a great deal of tar was 
formed. As the reaction was initially exothermic, the reaction mixture, which was 
viscous and difhcult to stir, was shaken mechanically. 

Phenol (96 g) and penta-O-acetyl-a-D-glucopyranoses (IOO g) were melted 
together, and powdered zinc chloride (25 g) was added. The mixture was shaken 
for 2 h at 120~ in a slow stream of nitrogen, and then extracted with benzene (700 ml) 
at co. 60”. After being cooled to room temperature, the benzene solution was decanted, 
and the residue was extracted with more benzene (300 ml). The combined extracts 
were washed successively with ice-cold water, chilled 5% aqueous sodium hydroxide 
(4 x 200 ml), water, enough N acetic acid to bring the pH of the aqueous layer to 4, 
and water. The extract was dried (CaCls), filtered, and concentrated under diminished 
pressure_ A solution of the partly crystalline syrup in warm ethanol (500 ml) was 
left at room temperature; on shaking (and if necessary seeding), the acetyl derivative 
crystallised. The mixture was then chilled overnight, and the product was collected, 
washed with ethanol (100 ml), and air-dried. A second crop was obtained by concen- 

trating the filtrates (to IOO ml). 

Though the yield was low (28x), the product was mainly the a-D form (97%). 
After one recrystallisation from ethanol (3 ml/g), phenyl tetra-O-acetyJ-a-D-gluco- 
pyranoside (28 g), [a]g +168” (c 2.0, chloroform), was obtained. 

When the reaction was carried out at 20 mm, as described by Montgomery 
et aZ.*, the yield of crude product (72 g) was much greater, but this contained only 
47 g of the a-D form. The ratio of the solubiiities in ethanol of the tetra-O-acetyl- 
a-D and -P-D derivatives was found to be 0.64, and by recrystahisation only 31 g of 
the a-D form could be recovered. In view of the ready availability3 of penta-@ 
acetyl-z-D-glucopyranose, the low yield of the f?rst method was more than counter- 
balanced by its simplicity. 
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Phenyl cc-D-glucopyranoside 

Phenyl tetra-0-acetyl-x-D-glucopyranoside was dissolved in boiling methanol 
(IO ml/g), 0.5bl methanolic sodium methoxide /I ml/g) was added, and the solution 
was bodied for 5 min and then left overnight at room temperature. An equal volume 
of water was-added, and the solution was deionised with Amberlite Monobed MB-r 
resin (1.5 g/g of tetra-0-acetyl derivative)_ Elution with 50% aqueous methanol 
gave the glucoside (g7%), and slow crystallisation from isopropyl alcohol (SOILI- 
bility, 0.7 g per IOO ml at room temperature) , gave the title compound, m. p. 173~ 
(lit-z, 173-174~) and [& 4-182~ (c I, water) (lit., t181”). From moist ethyl acetate5, 
the monohydrate separated; the water of crystallisation was retained after air- 
drying, but was lost over desiccants. 

p-Nitrophenyl u-D-ghcopyranoside 

With solid zinc chloride as catalyst, the Helferich reaction at atmospheric 
pressure gave very poor yields of the tetra-0-acetyl derivative. Consequently, a 
solution of zinc chloride (25 g) in a mixture of acetic acid (75 ml) and acetic anhydride 
(5 ml) was used-2. The reaction between p-nitrophenol (14.4 g) and penta-O-acetyl- 
ar-D-glucopyranose (go g) was allowed to proceed for 45 min at 125’/20 mm. 

The p-nitrophenyl compounds were extremely unstable to alkali6. The benzene 
extract was therefore washed successively with water, 2.5% (to avoid the separation 
of sodium p-nitrophenate) and 5% aqueous sodium carbonate, water, dilute acetic 
acid, and water. A hot solution in ethanol (500 ml) of the syrup obtained by evapor- 
ation of the benzene was treated with activated carbon, filtered, and left to cool 
z;ery sZozuiy overnight to room temperature, after which it was chilled to 4” for several 
days. Rapid cooling caused the separation of a glass, which could be induced to 
crystallise only with difficulty. The product (25 g, 23 %) contained 80% of the K-D form. 

Published statements4’7 on the relative solubility of the or-~ and B-D forms in 
ethanol are not consistent. We completely failed to resolve the anomers by recrystal- 
Iisation from ethanol, isopropyl alcohol, or benzene-light petroleum (1:2, v/v)_ 

Fortunately, the p-nitrophenyl glucosides themselves could be readily separated. 
The crude p-nitrophenyl tetra-O-acetyl-a- and -p-D-glucopyranosides were 

dissolved in hot ethanol (2.5 ml/g), and sodium methoxide (0.15 mmole/g) was 
added to the warm solution, which was allowed to cool and then chilled overnight. 
The addition of a little glacial acetic acid removed the yelIow colouration of the 
crystals, which were collected and dissolved under reflux in methanol (7.5 ml/g of 
tetra-0-acetyl derivative). Charcoal was added, and the hot solution was filtered, 
allowed to coo& and chilIed overnight. The product had m.p. 214O, [& +21g0 
(c I, water); the pure C+D form has m-p. 216O, [~]g i-215~ (water)2. The yield was 
44% in the deacylation step; another 13% could be recovered from the mother 
liquors. 

The lower yields of the p-nitrophenyl glycoside appear to reflect the greater 
instability of this substance, but no difficulty should be experienced in making enough 
for several hundred enzyme assays. 
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Announcement 

In view of the exceptionally good response to Carbohydrate Research by authors, 
we are now in a position to expedite publication of papers by initiating a monthly 
publication schedule ahead of the dates previously proposed_ It has now been decided 
that no further bi-monthly issues will appear. Therefore Vol. 3 will commence with 
issue No. I in November Ig66...Three volumes of 500 pages each will be published 
between November 1966 and December 1967. 
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INTRODUCTION 

The diacetal obtained by condensing r,6-di-O-benzoyl-D-glucitol with benzal- 
dehyde, in the presence of zinc chloride, was assumed to have a 2,4:3,5_arrangement 
of acetal ring+. Recently, this assignment of acetal groups was confirmed by n.m.r. 
spectroscopys. The chemical evidence below provides an independent proof of the 
structure. 

RESULTS AND DISCUSSION 

The parent diacetal tl), obtained by saponification of the dibenzoate, yielded 
a diacetate and a dimethyl ether, both crystalline. Proof that the two free hydroxyl 
groups of the diacetal were at the I- and 6-positions was obtained as follows. Its 

dimethyl ether, on mild, acid hydrolysis, yielded a syrupy D-glucitol dimethyl ether 
(2) which, in turn, afforded a crystalline tetra-acetate. The tetra-acetate, after deacet- 
ylation, consumed 2.8 mol. of periodate, liberating 2.0 mol. of formic acid and 
methoxyacetaldehyde, characterised as its knownp-nitrophenylhydrazone (1.5 mol.). 
The dimethyl ether (2) migrated on molybdate ionophoresis as expecteds for a 
r,6_disubstituted glucitol. 

The positions and sizes of the acetal rings in the diacetal (1) were not determined 
by partial, acid hydrolysis, because this reaction was shown to lead to acetal mi- 
gration4. Instead, partial hydrogenolysis was used; this reaction was shown to avoid 
migration. Chromatography on alumina of the reaction mixture yielded a glassy 
solid and the known 2,4-O-benzylidene-D-glucitol (3). The a,+acetal (3) was shown 
to be identical with an authentic sample prepared, in good yield, by directly condensing 
D-gh3CitOl and benzaldehyde (cz preparation of 2,4-O-furfurylidene-D-@ucitoF). 

Acetylation of the glassy solid gave a compound which gave correct elemental anal- 
yses for a tetra-O-acetyl-mono-O-benzylidenehexitol. Acid hydrolysis of the saponi- 
fied tetra-acetate showed the hexitol to be D-glucitol (isolated as its hexa-acetate); 
benzaldehyde was obtained as its dimedone (5,5-dimethylcyclohexane-r,pdione) 
derivative. That the benzylidene group was in fact spanning the 3,5-positions (4) 
was shown by periodate oxidation (I -02 mol. of oxidant being consumed and 0.94 mol. 
of formaldehyde being liberated)_ Mild, acid hydrolysis of the main oxidation fission 
product yielded D-arabinose, which was characterised as its bisphenylboronate. 
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Borohydride reduction of 2,4-0-benzylidene-aldehydo-D-arabinose from the 
oxidation yielded 2,4-0-benzylidene-D-arabinitol, isolated as its crystalline triacetate. 
Saponification, followed by mild, acid hydrolysis, gave material which moved as 
arabinitol on paper chromatography. 

4 

A 3,5-acetal of D-glucitol (4) and 2,gacetals of D-arabinose and D-arabinitol 
are less thermodynamically stable than other monoacetals which can be formed by 
the parent unsubstituted compounds (cJ MiW). In particular, the D-arabinose 
acetal must exist with the sugar moiety in the open-chain form. 

Hydrogenolysis thus provides a synthetic route to thermodynamically unstable 
benzylidene acetals not readily accessible by acid hydrolysis or synthesis_ Di- and 
tri-acetals are liable to isomerise during treatment with acid and, in cases of this sort, 
evidence from hydrogenolysis is likely to be a more reliable indication of structure. 

EXPERIMENTAL 

Whatman No. I paper was used for paper chromatography. Solvent (A) was 
butan-I-al-ethanol-water (40: I I: Ig, v/v). Potassium periodate-silver nitrate-sodium 
hydroxide or 2,4-dinitrophenylhydrazine’ were used for detection. Quantitative 

periodate oxidationss, and formaldehydegJO and formic acid determination+ were 

performed by standard procedures. 2,4:3,5-Di-0-benzylidene-D-glucitol (m.p. 205- 

207~) was prepared by the method12 of Haworth et al., who recorded m-p. 208“. 

The diacetal(o.50 g) gave needles of the diacetate (0.41 g, 66%),m.p. I88.5-Igo 
(from IO parts of benzene), [c&s -10.9~ (c 1.8, chloroform). (Found: C, 65.1; H, 5.8; 
Ac, 19.15. C24HZsQs talc.: C, 65.15; H, 5.9; AC, 19.5%). 

The diacetal (3-o g), dry methyl iodide (4.7 ml), silver oxide (3 g), and dry 
N,N-dimethylformamide (g ml) were shaken for 27 h at room temperature. The 
silver salts and volatile material were removed in the usual way, and the product 
was purified on alumina (75 g), using benzene as eluent. The material (0.6 g, m-p. 
roq-Iog”) in fraction I (50 ml) could not be purified by crystallisation. The remaining 
material from the column gave the dimethyl ether (o-98 g, 30x), m.p. I tg-I~o”, 
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[c&f t0.5” (c 2.1, chloroform), as needles from 8 parts of ethanol (Found: C, 68.2; 
H, 6.8: OMe, 16.3. CZSH~SOS caIc.: C, 68.35; H, 6.8; OMe, 16.1%). 

2,4:3,5-Di-O-benzylidene-r,6-di-O-methyl-~-glucitol (0.30 g) was refluxed for 
15 min with a mixture of ethanol (I ml) and o. IN hydrochloric acid (I ml). The mixture 
was concentrated. The acid treatment and concentration were repeated, and then 
sodium hydrogen carbonate (0.02 g) was added and the whole evaporated to dryness. 
I$-Di-O-methyl-D-glucitol had RF 0.51 in solvent (A) and MS (rate relative to 
glucitol) 0.94 on molybdates ionophoresis. Acetylation of the residue yielded, 
after crystallisation from a mixture of light petroleum (3 ml) and ethanol (0.3 ml), 
the q&4,5-tetra-acetate (0.20 g, 68x), m-p. 72-74”, [a]~*’ f24.0” (c r-5, chloroform) 
(Found: C, 50.7; H, 6.7; OMe, 16.5; AC, 45.8. C1sHssOre talc.: C, 50.8; H, 6.9; 
OMe, 16.4; Ac, 45.55%). 

Periodate oxidation of I,6-ni-0-metflyl-D-glucitol 
Tetra-0-acetyl-r,6-di-0-methyl-D-glucitol (I mol.) was deacetylated with 

methanolic sodium methylate. The methanol was removed, and the residue consumed 
2.7, 2.8, and 2.8 mol. of periodate (7-55 mol. initially present) (theor., 3.0) after 
0.5, 2.0, and 7.3 h, respectively, and gave 2.0 mol. of formic acid (corrected for 
methoxide) (theor., 2.0). 

The tetra-acetate (0.036 g) was deacetylated as above, and the solvent-free 
residue was treated with sodium periodate (0.08 g) in water (2 ml). After 0.5 h, the 
solution was concentrated, more water (1.5 ml) was added, and the solution was 
concentrated. The total distillate was treated with a warm solution of p-nitrophenyl- 
hydrazine13. Crystallisation of the precipitate from aqreous ethanol gave methoxy- 
acetaldehyde p-nitrophenylhydrazone (0.030 g, 1.5 mol.), m-p. and mixed m-p. 113- 
I 16”. 

Partial hydrogenolysis of z&.$:3,5-di-O-benzylidene-D-giucizol 

The diacetal (4 g) in methanol (170 ml) was added to pre-hydrogenated pal- 
ladium black (3-4 g) in methanol_ The suspension was allowed to stand, with occasional 
shaking, until ca. 0.5 1 of hydrogen was consumed (1-6 days). The catalyst was 
removed, and the solution was concentrated. The residue, dissolved in absolute 
ethanol (200 ml), was passed through alumina (IOO g). Fraction I, eluted with 
absolute ethanol (0.6 l), gave unchanged diacetal (1.3 g), RF in solvent (A) o.gr ; 
using dimethyl sulphoxide-benzene (1:50, v/v) on dimethyl sulphoxider*, RF 0.38 
(1,3:2,4-di-0-benzylidene-D-glucitolla, RF 0.43, was absent). Increasing amounts of 
water (up to 5%, v/v) in the eluent gave 3,5-0-benzylidene-D-glucitol (2,4-O-benzyl- 
idene-L-gulitol), Rp 0.71 in solvent (A>_ Industrial methylated spirit-water (g8:2, v/v) 
gave 2,4-0-benzylidene-D-glucitol (ca. 0.2 g), m.p. and mixed m.p. with the sample 
prepared below, 172-174-5”~ RF 0.74 in solvent (A)_ The 3,5-benzylidene acetal 
yielded a tetra-acetate (0.4-0.6 g), m-p. 98-99” (from ethanol), [& - 13.8” (c 1.55, 
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&loroform), (Found: C, 57-q; H, 5.9; AC, 39.3. hH26010 cak.: C, 57-5; H, 6.0; 
Ac, 39.3%). 

2,q-0-Benzylidene-D-glucitol 

The acetal was prepared by using a modification of the preparations of 2,4-0- 
furfurylidene-D-glucitol. D-Glucitol (g g). dissolved in 3~ sulphuric acid (2.5 ml), 

was treated with benzaldehyde (5 ml) and warmed to 70”. After cooling and standing 
overnight, the mixture was crystallised from water (50 ml) containing sodium hydrogen 
carbonate (0.8 g), any insoluble material being removed by filtration. The product 
(5.6 g,42%) had m.p. 173-175" (&.ls, 176-177"). 

Hydroiysis of 3,5-0-benzylidene-D-glucitol 

Tetra-O-acetyl-3,5-O-benzylidene-D-glucitol(o.o281 g) was saponified, and the 
residue was hydrolysed, as described 1’ for 4,6-0-butylidene-D-glucitol, but using 
0.1~ acid (3 ml). The benzaldehyde bisdimedone derivative (65%) had m.p. and 
mixed m.p. Ig4-196”. The D-glucitol hexa-acetate (78%) had m-p. and mixed m-p. 
97-100”. 

Periodate oxidation of 3,5-0-benzylinene-D-glucitol 

Tetra-0-acetyl-3,5-0-benzylidene-D-glucitol (I mol.) was deacetylated with 
methanolic sodium methyIate. The methanol was remuved, and the residue consumed 
0.80, 0.87, 0.95, and 1.02 mol. of periodate (3.4 mol. initially present) (theor., 1.0) 
after 0.5, 5.5, 12.5, and 23 h, respectively, and gave 0.94 mol. of formaldehyde 
(theor., 1.0) after 25 h. Under similar conditions, tetra-0-acetyl-2,4-O-benzylidene- 
D-glucitol, after deacetylation, consumed 0.99 mol. of periodate (theor., 1.0). 

Tetra-0-acetyl-3,5-0-benzylidene-D-glucitol (0.58 g) was treated with 0.2~ 

methanolic sodium methylate (0.8 ml). The methanol was removed, and a solution 
of sodium periodate (0.4 g) in water was added. After 3 h, the suspension was freeze- 
dried, and the residue was extracted with boiling ethyl acetate. Part (0.08 g) of the 
extracted material [cu. 0.28 g, RF 0.87 (single spot) in solvent (A)] was hydrolysed 
as described above for the acid hydrolysis of 3,5-0-benzylidene-D-glucitol. The dry, 
neutralised residue, which moved as arabinose, but not xylose, in solvent (A), was 
treated with phenylboronic anhydride (0.08 gj in boiling methanol. The methanol 
was evaporated, and the residue was extracted with boiling light petroleum. Four 
crystallisations from light petroleum gave D-arabinose bisphenylboronate (0.012 g, 

II%), m.p. 157-159”, mixed m.p. with authentic D-arabinose bisphenylboronate 
(see below, m.p. 159-161.5~), 157-158”; the infrared spectra (KBr discs) were identical. 

D-Arabinose bisphenylboronate 

This compound, m.p. r5g-16r.5”, [& -8.4” (c 1.8, dry benzene). (Found: 
C, 63.7; H, 5. I. Cl7Hl6&05 talc.: C, 63.4; H, 5.0%), was prepared from D-arabinose 
Co.3 g), in 75% yield, as described above. L-Arabinose bisphenylboronate18 has 
m-p. 166”, [a]g +8-s” in benzene. 
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2,4- U-Benzylidene-aZdehD-arabinose (0. I g, from the oxidation) was 
reduced by borohydride, as described 17 for the reduction of 4,6-O-butylidene-D- 
glucose. The product was acetylated and yielded, from ethanol, 1,3,5-tri-O-acetyl- 
2,4-0-benzylidene-D-arabinitol (0.05 g), m-p. 79-80~ (Found: C, 58.9; H, 5-g- 
C1sH220s talc.: C, 59.0; H, 6.0%). 

Hydrolysis of 2,4-0-benzylidene-D-arabinitol 
The triacetate was deacetylated, and the residue was hydrolysed with O-IN 

hydrochloric acid in the usual way. The hydrolysate moved as arabinitol (RF 0.27), 
and not xylitol (RP o-25), in solvent (A). 
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SUMMARY 

Chemical proof is given that the acetal groups in the known 2,3,4,5-di-O- 
benzylidene-D-glucitol span the 2,4- and 3,5-positions. 
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INTRODUCTION 

Methyl p-cellobioside has been used as a model compound in studying the 
reactions occurring during the bleaching of cellulose. Wolfram and Luckel reported 
kinetic studies on the oxidation of methyl p-cellobioside with sodium hypochlorite 
at pH g and 50.5~. The purpose of the present work was the isolation, characterization, 
and quantitative determination of the major products formed in this reaction. Simple 
methyl glycosides were used by Dyfverman, Lindberg, and Wood+” as model 
compounds for polysaccharides. They found that methyl glycosides were oxidized 
by chlorine water, under acidic conditions, to give mainly the corresponding aldonic 
acids. Henderson5 identified D-glucose, D-arabinose, carbon dioxide, and oxalic acid 
as the major products formed on oxidation of methyl B-D-glucopyranoside with 
sodium hypochlorite at pH 4.5. Whistler, Linke, and Kazeniac6 studied the oxidation 
at 29 of methyl 4-O-methyl-p-D-glucopyranoside with IO equivalents of sodium 
hypochlorite buffered at pH g. They found that, under these conditions, there was 
a preferential attack between C-z and C-3 of the glycoside, as indicated by the iso- 
lation of glyoxylic acid and glyoxa1 from the hydrolyzate of the oxidation mixture. 
Theander7as oxidized methyl ,8-D-glucopyranoside with hypochlorite at different pH 
values and found that, under acidic conditions, a maximum yield of D-gluconic acid 
was obtained with only traces of glyoxylic acid and D-erythronic acid. He found a 
maximum formation of glyoxylic and D-erythronic acids near neutrality_ Selective 
attack between C-z and C-3 of the D-glucose units in glucans has also been reported 
when they were oxidized by sodium hypochlorite under neutral or aIkaline conditions. 
Whistler and co-worker@*9 oxidized amylose and amylopectin and found the C-2- 
C-3 cleavage reaction to be very specific between pH 7 and g, whereas at pH 3 only 
traces of glyoxylic acid and D-erythronic acids were formed. Similar results were 
reported by McKillican and Purveslo, who, on oxidation of starch with hypochlorous 
acid at pH 4, found an So-go% attack at the primary alcohol group and none between 
C-2 and C-3. On the other hand, Eisenbraun and Purvesll reported that, on the 
oxidation of starch with calcium hypochlorite at pH 12, oxalic acid, isolated directly 
from the oxidation mixture, and D-erythronic acid, from the hydrolyzate, were the 
major products. The influence of the hydrogen-ion concentration on the hypochlorite 
oxidation of cellulose was studied by Birtwell, Clibbens, and Ridgelz, and by Kaverz- 
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neva, lvanov, and Solovale_ Both groups of investigators reached the conclusion 
that, under slightly acidic or neutral conditions, reducing-type oxidized celluloses 
were obtained, whereas under alkaline conditions, particularly between pH g and I I, 

a maximum of carboxyl groups and a minimum of ketonic groups were produced. 
A model compound, methyl p-cellobioside, was used, in our present investi- 

gation, to study the preferential location of the carboxyl groups when the oxidation 

was effected at 50~ with a sodium hypochloride solution buffered at pH 9. A large 
excess of oxidant was employed to increase the yield of the final products. 

EXPERIMENTAL 

Materials 
Methyl &cellobioside was prepared from cx-cellobiose octaacetate by the 

procedure of Wolfrom and Haql”Js; m.p. r93”, [a]? -19” (water). Reference 
D-erythronolactone was prepared by the oxidation of D-arabinoascorbic acid according 
to Weidenhagen and co-workers Is_ Sodium hypochlorite was standardized from 
commercial Clorox (Procter and Gamble). 

X-Ray powder diffr-action data 

X-Ray powder diffraction data refer to interplanar spacings in A with Cu K, 
radiation. Relative intensities were estimated visually: s, strong; m, moderate; 
w, weak; v, very. The first three strongest lines are numbered (I, strongest); double 
numbers indicate approximately equal intensities. 

Chromatographic methods 
Thin-layer chromatography was performed on microcrystalline cellulose17 

(Avicel-Technical Grade, formerly known as Avirin; Avicel Sales Division of American 
Viscose Division, FMC Corp., Marcus Hook, Pa.) and on Silica Gel G (E. Merck, 

Darmstadt, Germany); paper chromatography was done on Whatman No. I paper. 
Developers used were: A, butanone-acetone-water-formic acid (40 : 2 : 6 : I v/v) 

and B, ethyl acetate-acetic acid-formic acid-water (18 : 3 : I : 4 v/v)_ Spray indicator 
reagents used were: (u), silver nitrate-sodium hydroxidelg; (b), aniline hydrogen 
phthalaterg; (c), sulfanilamide-p-naphthol-sodium nitrite’o; (d) hydroxyiamine- 
ferric chloridezl; (e) sodium periodate-potassium permanganatess. 

Oxidation of methyl &cellobioside 

Methyl j3-cellobioside (4.88 g, 0.013 mole) was dissolved in 700 ml of 0.4~ 
sodium hypochlorite solution buffered with sodium bicarbonate-sodium carbonate 
to pH 9_ Approximately 20 moles of hypochlorite per mole of glycoside were used. 
The solution was maintained in a thermostatted bath for 5 h at 50~. It was then 
acidified to pH 3-4 by stirring with Amberlite IR-120 (H+) resin and the excess of 
chlorine was eliminated with a stream of air until a negative reaction was obtained 
with iodide-starch paper. 
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Identification and assay of oxaIic acid and formaldehyde 
The chlorine-free oxidation solution was neutralized with calcium hydroxide; 

the precipitate obtained gave a positive reaction (red color) for oxalic acid23, by 
reduction to glyoxylic acid and subsequent reaction with phenylhyclrazine and 
hydrogen peroxide in the presence of hydrochloric acid. Oxalic acid was isolated 
by treating the barium salt from another experiment with the calculated amount 
of sulfuric acid: the filtrate was taken to dryness under diminished pressure and the 
acid obtained was purified by sublimation. Identification was made by comparison 
with an authentic sample of sublimed oxalic acid, by X-ray powder diffraction data: 
5.90 m (3), 4-73 m (2), 3.43 m, 3.01 s, (I), 2.90 w, 2.81 m, 2.57 w, 2.51 w, 2.41 m, 
2.35 w, 2.32 w. 

Oxalic acid was further identified as phenylhydrazine oxalate, m-p. and mixed 
m-p. 180°, as reported by Henle and Schupp 24, X-ray powder diffraction data: 
16.10 s, (3), 5.52 s, 4.45 vs (I), 4.12 m, 3.93 s, 3.71 W, 3.54 s (2): 3.10 m, 3-03 W, 
2.86 m, 2.79 w, 2.56 s. 

The amount of oxalic acid was determined by permanganate oxidation25 
(Table I)_ 

TABLE I 

OXIDATION PRODUCE3 OF METHYL /kELLOBIOSIDE WITH 

SODIUM HYPOCHLORITE AT pH 9 AND SO0 

Prodact 
Mole of product 
per mole of 
glycoside 

Product 
Mole of product 
per mole of 
glycoside 

D-Erytbronic acida 0.50 
D-Glyceric acid= 0.45 
Glyoxylic acida 0.44 

Formic acida o-33 
Oxalic acid0 0.04 

D-GIucose”*~ 0.14 
D-Arabinoseaab 0.03 
Total aldehydea 0.68 

Glycolic acida Trace 
Formaldeliydeb 0.005 

aIdentiCed after hydrolysis of the oxidation mixtures. bIdentiCed in the oxidation mixture before 
hydrolysis. 

Formaldehyde 
An aliquot of the filtrate from the calcium oxalate precipitation was distilled 

in a Kjeldahl apparatus; the distillate gave a positive reaction for formaldehyde 
with chromotropic acid, and this was assayed26 (Table I). 

Hydrolysis of the oxidized mixture 
After filtration of the calcium oxalate, the solution was made N in acid by 

the addition of dilute sulfuric acid, and the chlorate ion was destroyed with sulfur 
dioxide. The solution was again adjusted to N in acid, and hydrolyzed by heating 
in a water bath for 14 h at go”. Barium carbonate was added to remove sulfate, 
followed by a few drops of dilute hydrochloric acid to make the solution weakly 
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acid tpH 3-4) before filtration. This is the hydrolyzate referred to in the remainder 
of the paper. 

Formic acid 
An aliquot of the acid hydrolyzate, freed from formaldehyde as described 

above, was concentrated under diminished pressure and the distillate was collected 
in an ice-cooled flask. Formic acid was characterized qualitatively in the distillate, 
after reduction to formaldehyde with magnesium, by the reaction with chromotropic 
acids’, and also by precipitating the dimedone derivative, m-p. 187-189”. Formic 
acid was also determined in the distillate by heating with mercuric chloride in an 
acetate-buffered solution and weighing the mercurous chloride precipitate28 (Table I). 

Chromatographic examination of the hydrolyzate 
An aliquot of the acid hydrolyzate was decationized by passing through a 

column of Amberlite IR-120 (El+) ion-exchange resin. The effluent was concentrated 
under diminished pressure, the hydrochloric acid was removed by treatment with silver 
carbonate, and the excess of silver ion was removed by stirring with Amberlite 
IR-120 @I+). Paper chromatography, using double development with solvent A, 
(5 h for each development, with I h of air-drying between), showed, with indicator [a), 
compounds having & (G = glucose) values I, 1.52, 3.31, 4.46, 5.32, and 6.44, 
corresponding, respectively, to glucose, arabinose, erythronic acid, glyoxylic acid, 
glyceric acid, and erytbronolactone. Other faint spots that could not be identified, 
had Ro values of 0.52, 8.06, and 8.68. With the spray reagent (n), which is speci& 
for lactones only, the compound having RG 6.44, corresponding to erythronolactone, 
appeared as a purple spot. With spray reagent Cc) the acids having &ryCetfC0.60, 
1.00, and 1.40, corresponding, respectively, to erythronic, glyceric, and glycolic 
acids, were shown as orange spots, glyoxylic acid (R~l~~e+f~ 0.81) appeared as a yellow 
spot; not identified were faint spots having RGQ,~~~ values of 0.2, 1.60 (yellow), 
and 1.67. When aniline hydrogen phthalaters was used as spray reagent, the compo- 
nent having mobility corresponding to that of glucose showed as a brown spot, the one 
corresponding to D-arabinose showed as a reddish-brown spot, and glyoxylic acid 
appeared as a light yellow spot. The same components were shown by developing with 
solvent B on paper or on thin-layers of microcrystalline celluloser7, and using indicator 
(e). A compilation of all the identified mobility values obtained is shown in Table II. 

Glyoxylic acid, isolation and identification; isolation of the barium saZt of an oxidation 

product 
Five g of methyl @ellobioside was oxidized under the conditions described 

above. After precipitation of the calcium oxalate, the solution was concentrated 
under diminished pressure to 200 ml, acidified by stirring with Amber&e IR-120 (Hf), 
filtered, and neutralized with barium hydroxide: o. 160 g of a barium salt of an organic 
acid was obtained_ (Found: Ba, 39.28) 

This salt was fairly insoluble, even in hot water, and gave a deep blue color when 
a small sample was heated in a water bath with 2,3,4-trihydroxybenzoic acid in con- 
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centrated sulfuric acid, a very specific color test for glyoxylic acid”?. A sample of 
o.100 g of the salt was treated with 5 ml of N sulfuric acid; after 30 min in a water 
bath at 7o”, the suspension was atered, and the solution was heated in a water 
bath for 5 h at go”. The solution was neutralized with barium carbonate, slightly 

TABLE II 

CHROMATOGRAPHIC PROPERTIES;OF THE OXIDATION PRODUCTS 

Paper” Ibin-layer0 

Developer Ab Developer Bb Developer B 

RG RG RP 

Methyl /?-cellobioside 
Glucose 
Arabinose 
Erythronic acid 
Glyoxylic acid 
Glyceric acid 
Erythronolactone 
Glycolic acid 
Oxalic acid 
Arabinonic acid= 
Erythraric acidc 
Gluconic acid= 

0.70 
1.00 
I.52 

3.31 
4.46 
S-32 
6.44 
7-48 

1.00 0.04 
I.50 0.16 
1.86 0.24 
2.29 0.34 
2-55 0.50 
3.04 o-55 

0.62 
0.65 
0.18 
0.30 
0.15 

a See section on chromatographic methods. b Chromatogram developed for 5 h, dried in the air 
for I h, and again developed for 5 h. c Not identified in the oxidation mixture. 

acidiiied with hydrogen chloride, and Mtered. The solution was concentrated under 
diminished pressure and chromatographed on paper with developer B. Spray reagent 
(a) showed compounds having the same mobilities as glyoxylic acid, erythronolactone, 
and glyceric acid. The syrup was treated with 0.030 g of dimedone dissolved in z ml 
of 40 oA ethanol. A crystalline precipitate was obtained after I 8 h at room temperature. 
Thin-layer chromatography on Silica Gel G with ethyl ether-hexane-acetic acid 
(5 : 5 : 0.2 v/v) as developer, and alkaline potassium permanganatesc as spray indi- 
cator, showed glyoxylic acid dimedone, RF o-37, in the largest amount, and traces 
of free dimedone, RF 0.09. The crude dimedone was purified by fractional sublimation 
and was recrystallized from 50% aqueous acetone. Glyoxylic acid dimedone, m.p. 
236-238” (lit.31 m-p. 23g”), was obtained. The product was further identified by com- 
parison with an authentic sample, prepared from pure glyoxylic acid, by mixed m-p. 
and X-ray powder diffraction data: 11.88 s (I), 8.71 m, 8.10 m (3), 6.60 m, 5.56 m, 
5.29 w, 4.99 IV, 4.70 s (2), 4.25 m. The glyoxylic acid could also be identified in an 
aliquot of the acid hydrolyzate of the oxidized mixture, by continuous extraction 
with ether for 48 h and characterization as the dimedone derivative. 

Quantitative determination of glyoxyiic acid 

The color test first described by Eegriwess was adapted for the quantitative 
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determination of glyoxylic acid. A solution of 50 mg of z&4-trihydroxybenzoic 
acid in IOO ml of concentrated sulfuric acid was used as a calorimetric reagent. 
The calibration curve was prepared from crystalline glyoxylic acid dissolved in 2~ 
sulfuric acid to make an approximately 0.2% solution. The solution was standard- 
ized, after neutralization, by titration with alkaline hypoiodite according to Hirst, 
Hough, and Jones 33. In Is-ml test tubes, 0.2 ml of the glyoxylic acid solution con- 
taining between 4 and 30 pg was introduced with a micropipet. Then, while the 
tubes were kept in a cold water bath, 5 ml of the reagent solution was added from a 
microburet, the first two drops slowly with shaking, and then the rest of the solution 
more rapidly. The contents were homogenized in a Vortex mixer. The tubes, covered 
with aluminum foil, were kept in a thermostatted bath for I h at 58”. After the 
solutions had been cooled to room temperature, transmittance curves for the different 
concentrations of glyoxylic acid were taken with a Bausch and Lomb Spectronic 505 
recording spectrophotometer. The data obtained showed that a transmittance mini- 
mum was present at 602 mp, the position of which was independent of the concentra- 
tion of glyoxylic acid used. The standard curve was obtained by reading the trans- 
mittance at 602 rnp with a Beckman DU Model 2400 spectrophotometer against a 
reagent blank prepared by substituting 2~ sulfuric acid for the glyoxylic acid solution. 
The glyoxylic acid concentration in an aliquot of the acid hydrolyzate, conveniently 
diluted with 2~ sulfuric acid, was determined by reference to the standard curve. 
Under the same conditions, erythronolactone, 3 y 01 ceric acid, glucose, and glycolic 
acid did not give any color, even with concentrations tenfold higher than the maxi- 
mum used for glyoxylic acid. 

Total aldelyde assay 
Total aldehyde (Table I) in the hydrolyzate was determined by the method 

of Hirst, Hough, and Jonesas. 

Preparative thin-layer chromtatography on nticrocrystalline cellulose 
An aliquot of the hydrolyzate was concentrated under diminished pressure 

and, after removal of inorganic salts by filtration, two fractions of about 0.100 g 
each of the syrup were respectively separated on two plates (8 in x 8 in) of micro- 
crystalline cellulose. Double development with solvent mixture B, to a distance 
15 cm from the starting line, was used. The plates were dried overnight, and the zones 
in one were located by spraying one edge with the reagent for acids (c). The main 
zones corresponded to glyoxylic and glyceric acids (Table II). Faint spots corre- 
sponding to erythronic and glycolic acids were obtained. From the glyceric acid 
zone the acid was eluted with water and characterized as the brucine salt, which 
gave identical X-ray powder diffraction data as did an authentic sample of the brucine 
salt of D-glyceric acid. To prepare this, the calcium salt of DL-glyceric acid (0.280 g) 
was decationized by stirring an aqueous solution with an excess of Amberlite 
IR-120 (Hi) ion-exchange resin. The filtered solution was refluxed with 0.400 g of 
brucine for I h. After cooling, the filtered solution was taken to dryness and the 
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brucine salt of D-&CCrk acid was crystalliied from absolute ethanol and was re- 

crystallized from the same solvent, white prisms, m-p_ 220-222O, [& -23-f Cc 1.2, 

water), lit.34 m-p. 2r8-2rg0, [C&J -23.0~ (water), X-ray powder diffraction data: 
g-10 s, (I) 7.69 m, 6.01 s <2), 5.74 w, 4.88 vw, 4-32 s (3), 4.12 m, 3.79 m, 3.46 m. 

The eluate from the zone having a mobility corresponding to glycolic acid 
gave a characteristic color reaction for this compound. When heated with 2,7- 
dihydroxynaphthalene in sulfuric acid a red-violet color was formed35. Deriva- 
tization could not be effected because of the small amount available. 

Erythronolactone was located on the other plate by spraying with the reagent 
for lactones (d); it was eluted with water, and characterized as the brucine salt of 
D-erythronic acid, identical with an authentic sample prepared from pure D-erythrono- 
lactone, m-p. 208-210” (dec.), [a]: -23$ (c 1.8, water), lit.36 m-p. 211O, [c# -22.6 
(water), X-ray powder diffraction data: g-40 s (I), 7.75 m, 6.22 s (2), 5.56 m, 4.99 w, 
4.32.s(3), 4.11 w, 3.83 m, 3.68 vw, 3.56 vw. 

A small cellulose plate (2 in x 8 in), of the same thickness as the large ones, 
was run at the same time and sprayed with the aniline hydrogen phthalate reagent. 
After the plate had been heated at LIOO, two zones corresponding to glucose and 
arabinose were shown. By comparison, the zones corresponding to the sugars in the 
large plates were cut, and then eluted with water. Glucose was characterized as its 
phenylosazone, m.p. 2o7-2og”, X-ray powder diffraction pattern identical with that of 
an authentic sample. 

Quantitative determination of glucose and arabinose 

A determination of glucose and arabinose in an aliquot of the salt-free hydroly- 
zate was made by the quantitative paper chromatographic method described by 
Wilsonla (Table I). 

Quantitative determination of glyceric acid 

Glyceric acid was determined on a paper chromatogram by direct photometry. 
Two appropriate dilutions of the hydrolyzate. free from inorganic salts, and four 
standards containing from IOO to 200 ,LLCC,O of pure DL-glyceric acid were chromato- 
graphed on Whatman No. I paper with solvent mixture A (double development). 
After being dried overnight at room temperature, the paper was sprayed evenly with 
the reagent for acids (c). The densities of the spots were then determined densito- 
metrically (Photometer Model 501A with transmission Density Unit Model 52C, 
Photovolt Corp., New York, N. Y.). The standard curve was obtained by plotting 
the logarithm of the concentrations against the densities. The concentrations in the 
solutions to be analyzed were determined by reference to the standard curve (Table I). 

Quantitative determination of erythronolactone 

An aliquot of the hydrolyzate was taken to dryness and extracted with methanol. 

Paper chromatography of the methanolic solution showed almost complete lacton- 

Carbohydrate Res., 2 (x966) 426-438 



oxm~~10N 0~ mmm /~ELLOBKSIDE 433 

ization of the erythronic acid since only a faint spot for the latter appeared with 
the reagent for acids. A determination of the erythronolactone was made by densito- 
metry on paper, using double development with solvent mixture A. The paper was 

dried overnight and sprayed with the reagent (d) for lactones. Standards of pure 
D-erythronolactone in methanolic solution were applied in 80, 160, 200, and 240 pg 
quantities. From the standard curve the amount of D-erythronolactone in the hydro- 
lyzate was determined (Table I)_ 

Oxidation of methanoi by hypochlorite 

Methanol (I ml, 0.792 g) was added to 300 ml of 5% sodium hypochlorite 
buffered to pH g with sodium bicarbonate-sodium carbonate. The solution was 
kept for 5 h at 50”. After this time it was acidified to pH 3-4 by stirring with Amber- 
lite IR-120 (H+) resin, while excess chlorine was removed with a stream of air. A 
determination of formic acid with mercuric chloride gave a yield of 4%, which is 

0.028 mole of formic acid per mole of methanol. Formaldehyde was detected quali- 
tatively in the oxidation solution. 

Periodate oxidation of methyl p-cellobioside 

To 92 ml of o.2gM periodic acid, 1.775 g (5 mmoles) of methyl /I-cellobioside 
was added. The solution was diluted to IOO ml and maintained at room temperature. 
After 24 h, an aliquot was analyzed for periodic acid by the arsenite method. The 
consumption of periodic acid corresponded to 3.0 mole per mole of glycoside. The 
rotation was [oc]D -84“, calculated on the basis of the aldehyde. Hamilton, Huffman, 

and Smiths7 reported [a]D -93-g“, constant after 8 h. The solution was then neutralized 
to phenolphthalein with hot strontium hydroxide solution, any excess of which was 
destroyed with solid carbon dioxide, and the inorganic precipitate was removed by 
filtration and washed with water. The general procedure of Jackson and Hudson38 
was followed for the isolation of the tetra-aldehyde as a syrup and its further oxidation 

with bromine to the tetra-acid (Fig. I). 
The distrontium salt trihydrate was obtained as a microcrystalline solid by 

adding half a volume of warm methanol to its warm aqueous solution. Purified 
twice in the same manner and dried to constant weight at IIOO under diminished 
pressure, the anhydrous salt showed [c@ + I 1.7~ (c 0.9, water). X-ray powder 
diffraction data for the trihydrate were: 14.15 m, 7.25 m (I), 4.46 w, 4.19 w, 3.91 m (2), 

3.60 m (31, 3.38 w, 3-24 w, 3.05 m. 
Anal. Calc. for ClaH~4Or&2_3HaO: HzO, 8.85. Found: HsO, 8.58. Calc. for 

Cr2H~4Or&re: C, 25.85; H, 2.53; Sr, 31.44. Found: C, 25.68; H, 3.12; Sr, 31.41. 

A sample of 12 mg of the distrontium salt in IO ml of N snlfuric acid was 
hydrolyzed by heating for 7 h in a water bath at 85-90”. A determination of glyoxylic 
acid by the spectrophotometric method described above gave 95% of the calculated 

value. The barium salt was obtained from the strontium salt by liberating the acid 
with the calculated amount of sulfuric acid and neutralizing to phenolphthalein 
with barium hydroxide. By adding methanol to the aqueous solution, the barium salt 
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was precipitated as an amorphous solid. This salt was readily soluble in water and 
was different from the water-insoluble barium salt obtained from the oxidation 

mixture as described above. 

H30 + 

$02H 
C02H 

COZH 

HtoH If2 ’ 
+ HiOH + CH30H 

C&OH 
HC=O 

HdOH 

:H20H 

Fig. I. Postulated main course of the hypochlorite oxidation of methyl &cellobioside. 

RESULTS AND DISCUSSION 

Oxidation of methyl /I-cellobioside with 20 moles of sodium hypochlorite per 
mole of sugar at pH g and 50’ appears to 5e a fairly specific reaction. As seen in 
Table I, D-erythronic, D-glyceric, glyoxylic, and formic acids are the major products 
identsed and quantitized in the acid hydrolyzate of the oxidation mixture. The first 
three acids are also produced by hydrolysis of the tetrabasic acid (Fig. I) obtained, 
together with formic acid, by oxidation of methyl /3-cellobioside with periodic acid 
and further oxidation with bromine water. This tetrabasic acid could also be the 
main product in the oxidation of methyl @-cellobioside with sodium hypochlorite. 
In one experiment, a barium salt was isolated, in low yield, from an aliquot of the 
hypochlorite-oxidized mixture. This sait gave a color test which is specific for gly- 
oxylic acid2*. The acid of this salt was hydrolyzed, and examination of the hydrolyzate 
by paper chromatographic methods showed compounds with the same mobilities 
as glyoxylic acid, D-glyceric acid, and D-eryrhronolactone. Glyoxylic acid could be 
isolated from the mixture as its dimedone derivative. This barium salt, as well as 
the strontium salt, was almost insoluble, even in hot water. On the other hand, the 

strontium and barium salts of the tetrabasic acid (Fig. I), prepared for comparative 
purposes by periodate oxidation of methyl @-cellobioside, were very soluble in cold 
water. Further studies are in progress on the determination of the structure of the 
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acid isolated from the hypochlorite oxidation mixture, as well as are studies aimed 
at the isolation, from the oxidation mixture, of the tetrabasic acid shown in Fig. I. 

That such an acid is a probable product is shown by the experiments of Jackson and 

Hudsonss on the oxidation of methyl a-D-mannopyranoside with barium hypo- 

bromite. These workers obtained, by elimination of C-3 as formic acid and attack 

at C-z and C-4, a dibasic acid isolated, in 25% yield, as the strontium salt dihydrate, 

which proved to be the same as the strontium salt prepared by oxidation of 
methyl a-D-mannopyranoside with periodic acid followed by oxidation of the dial- 

dehyde with bromine water. 

A simple, specific, quantitative micromethod for glyoxylic acid: based on 
the color test mentioned above, has been developed and used for the determination 

of this acid in the hydrolyzate of the oxidation mixture. None of the other major 

products formed interfere with the test. A determination of glyoxylic acid in the 

hydrolyzate of the distrontium salt of the tetrabasic acid (Fig. I), prepared by the 
periodate method, gave 95% of the theoretical value, thus confirming the validity 
of the spectrophotometric method. 

Preparative thin-layer chromatography on microcrystalline cellulose, following 

the general technique given by Wolfrom, Patin, and Lederkremerl7, proved to be 
useful for the separation of D-glyceric acid and D-erythronolactone. D-Glyceric and 

D-erythronic acids were characterized as their brucine salts, which had physical pro- 
perties in agreement with literature values. Free use was made of comparative X-ray 
powder diffraction data for identification purposes. A quantitative determination 

of these two acids was performed on paper chromatograms by direct photometry 
(Table I). 

The formation of glyoxylic acid and D-erythronic scid in these large proportions 

agrees with the results found by Whistler, Linke, and KazeniacG, who isolated these 
two acids as the main products in the oxidation of methyl 4-O-methyl+D-gluco- 

pyranoside with sodium hypochlorite at pH g and 25’. They suggested that the 

first step was an oxidation of either C-2 or C-3, or both, to carbonyl; under the alkaline 

conditions of the reaction, enolization would take place, followed by further oxidation 
to carboxylic acids. This is supported by Theander7, who isolated a-keto and 3-keto 

methyl 8-D-“gluco”-pyranosides and also a small proportion of “glucosone” as 
neutral products on oxidation of methyl B-D-glucopyranoside with chlorine water 

at pH 2, 4, and 7. Only traces of glyoxylic acid and D-erythronic acid were formed 
under these conditions. The opposite was true for the oxidation at pH 9 and IO. 

In our investigation no keto compounds were detected by using the resorcinol- 
hydrochloric acid spray reagentz. Glyoxylic acid and D-erythronic acid would be 
formed by preferential cleavage between C-2 and C-3 in either one of the rings; 
however, the isolation of D-glyceric and formic acids in high yields would indicate 
that D-erythronic acid originates mainly from the ring that carries the methyl aglycon 
and D-glyceric acid would be formed from carbon atoms 4‘. 5’, and 6’, with removal 

of C-3’ as formic acid, as is the case in the periodate oxidation. Formic acid was 

identified among the products of the oxidation and was determined by the mercuric 
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chloride gravimetric method. The actual amount formed (Table I) could be even 
larger, since oxidation of formic acid by sodium hypochiorite has been reported3g. 
The presence of D-glucose and D-arabinose, detected by chromatography in the 
oxidation mixture even before hydrolysis, and also the isolation of oxalic acid as a 
direct product of oxidation, indicate some cleavage of the acetal linkage under alkaline 
conditions when normal hydrolysis would not take place. Dyfverman* found that 
hydrolysis of methyl #Lcellobioside is negligible, even in 2~ hydrochloric acid for 
16 days at room temperature. He also reported that, on o_xidation of methyl /I-cello- 
bioside by chlorine water, cellobionic acid was formed in the early stages and was 
later degraded to D-gluconic acid, indicating that the methyl glycoside bond was 
more labile than the disaccharide linkage. If the degradation takes place according 
to a scheme proposed by Theander*s40 some methanol could be set free during the 
oxidation. When methanol was oxidized under the same conditions used for the 
oxidation of the methyl cellobioside, 5% of formic acid was obtained (formaldehyde 
was also detected), that is, if even all the methyl aglycon would be free for attack 
by the hypochlorite, this would account for only 0.028 mole of formic acid. These 
results confirm that formic acid arises mainly from degradation of the pyranose 
ring in the nonreducing cellobiose entity. The finding that for;naldehyde can be 
detected in the hypochlorite oxidation mixture from methanol would explain the 
traces of formaldehyde detected in the oxidation mixture before hydrolysis. Structures 
postulated by Theanders would also explain the formation of traces of glycolic acid. 
This acid was tentatively identified in the hydrolyzate of the oxidation mixture by 
paper and thin-layer chromatography on cellulose with two different developers. 
A very small amount, separated by the latter technique, gave the characteristic color 
reaction for glycolic acid35. Oxalic acid was isolated from the oxidation mixture 
as the calcium salt and assayed by titration with potassium permanganate. Hender- 
son5 detected oxalic acid on oxidation of methyl /?-D-glucopyranoside with aqueous 
chlorine at pH 4.5, and Eisenbraum and Purvesll found 0.21 mole of oxalic acid 
per hexose unit in the oxidation of starch with calcium hypochlorite at pH 12. Oxalic 
and glycolic acids would add to the glyoxylic acid to account for the cleavage between 
carbons 2 and 3 and also 2’ and 3’. 

Even with the large excess of oxidant used, some unattacked sugar remained. 
D-Glucose was isolated by preparative thin-layer chromatography on microcrystal- 
line cellulose, identified by its phenylosazone, and analyzed by quantitative paper 
chromatography, using Wilson’s19 method. 

Arabinose was detected in the oxidation mixture by chromatography; it appeared 
as a reddish-brown spot on spraying with aniline hydrogen phthalate reagent and 
was assayed by the same method as was used for D-glucose. D-Arabinose was found 
by TheandeS as a minor product on hypochlorite oxidation of methyl B-D-ghco- 

pyranoside over the pH range of 2 to IO, and Henderson5 isolated the pentose on 
similar oxidation of cellulose and methyl #?-D-glucopyranoside at pH 4.5. This sugar 
could be formed by cleavage between C-r and C-2 of either unit. 

The nature of the acidic products formed is critically dependent on the pH 
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at which hypochlorite oxidations are conducted_ Gluconic acid was not detected 
in our studies, nor in those of Whistler and co-worker@ when they oxidized methyl 
4-O-methyl-D-glucopyranosides with sodium hypochlorite at pH g. In contrast, 
D-gluconic acid was the main product formed on oxidation of methyl fl-D-ghtco- 
pyranoside2 and methyl #?-cellobiosidea by chlorine water. 
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SUMMARY 

Methyl @-cellobioside was oxidized with 20 molar equivalents of sodium 

hypochlorite per mole of glycoside at pH g and 50~. D-Erythronic, glyoxylic, 
D-glyceric, and formic acids were the major products isolated from the hydrolyzate 
of the oxidized mixture. This indicates preferential attack on C-z and C-3 of one 
of the rings and C-2’, C-3’, and C-4’ of the other, with removal of C-3’ as formic acid. 
Oxalic acid, a minor product of the oxidation, was isolated as the calcium salt before 
hydrolysis. Glucose and arabinose were detected in the oxidation mixture, before 
hydrolysis, indicating oxidative cleavage of the acetal linkage. The proportions 
present were small. Very small proportions of formaldehyde were also present and 
were shown to arise probably from methanol. Some glucose was found in the hydro- 
lysis mixture, indicating incomplete oxidation, even with the large excess of oxidant 
used. All of these components were determined quantitatively (Table I). A specific 
micromethod far the determination of glyoxylic acid is described. A postulated 
intermediate tetrabasic acid was synthesized. Another acid, probably of related 
structure, was isolated in small amount. 
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INTRODUCX’ION 

purified preparations of 3%labeled heparin (labeled biologically or chemically) 
have been widely used for metabolic studies 112. It has been found that, after intravenous 
injection, the radioactive heparin leaves the circulation very rapidly, its disappearance 
being parallel to that of the anticoagulant and lipolytic activitiesa.4. By the time the 
circulating radioactivity has declined below a measurable level, the radioactivity in 
the urine accounts for only a fraction of the dose injectedssa, indicating a considerable 
retention of heparin in the organism. Radiochemical or autoradiographic analyses 
of different organs, obtained at different times after injection, have revealed a wide- 
spread distribution of the label throughout the organism, with a possible predilection 
for the liver, kidneys, and spleen 1.3. These data, which have been repeatedly inter- 
preted as an indication of the distribution and excretion of heparin, should be evalu- 
ated with a great deal of caution in view of the demonstrated ability of the whole 
organism to cleave some sulfate ester groups of acid mucopolysaccharides and 
sulfamido groups of heparina~6~7. Therefore, the demonstration of 35S radioactivity 
in particular sites may reflect not only the presence of s%-heparin, but also that of 
35SOe - either free or bound to compounds of various chemical structures. 

Labeling of heparin, or other acid mucopolysaccharides, on the pyranose ring 
of their monosaccharide components not only would obviate this inconvenience, 
but would also allow a more detailed investigation of the metabolism of the polymer. 
In fact, if the compound injected underwent depolymerization, the oliBosaccha.rides, 
still radioactive, could be traced and easily recognized as to their derivation, even in 
the event of loss of sulfate ester or sulfamido groups or of disappearance of biological 

or physicochemical properties. Moreover, detection of radioactivity in the products 
of complete oxidation or in carbohydrates different from the compound injected 
would indicate a depolymerization to monosaccharides, followed by their oxidation or 
partial reutilization. 

Theoretically, isotopes of carbon would be a better label for the pyranose ring 

*Established investigator of the American Heart Association. Present address: Departments of 
Biochemistry and Physiology, Baylor University College of Medicine, Houston, Texas 77026. 
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than isotopes of hydrogen. In practice, however, the use of uniformly labeled D- 
glucose-14C as a precursor in the biosynthesis of acid mucopolysaccharides is limited 
by its cost, by the small amounts of purged polysaccharide which can be obtained, and 
by the low specific activities attained. These same considerations recommend tritium 
as a more practical label, provided that the destruction of the material being labeled 
could be limited and the stability of the tritium label proved. Three different techniques 
have been used in our attempts to label acid mucopolysaccharides with tritium. 
We have chosen hepaxin as a model compound, because it is readily available in a 
fairly pure state, it is labile under a variety of conditions, and it may be labeled with 
3% using chemical methods. Moreover, its biological activities may be used as 
additional parameters to indicate structural changes, which may not be detected 
with physicochemical analyses. 

The purpose of this paper is to evaluate the merits of the methods employed 
by comparing the properties of the labeled products obtained. 

EXP-AL 

(a) Tritium-labeling of heparin by catalytic exchange 
Into a heavy-wall Pyrex test tube (15 x 80 mm), connected to a three-way 

stopcock (No. AT-5168,4 mm bore, Eck & Krebs, Inc., Long Island City, N-Y.) by 
a 28/15 ball joint, palladium black (4 mg) and tritiated water (0.5 ml, 500 mc) were 
added to potassium heparinate (IOO mg) (A), dissolved in 0.5 ml of a buffered saline 
solution of pH 7.20. The saline solution was made by mixing 0.9% sodium chloride 
(ro ml), 0.03 M potassium dihydrogen phosphate (2.39 ml), and 0.03 M disodium 
phosphate (7.60 ml). 

The potassium heparinate (A) was prepared as follows: Barium heparinate 
(a gift of Dr. D. D. Dziewiatkowski, Rockefeller University, New York) was passed 
through a column of Dowex 50 (X-8,200-400 mesh, H+ form) and the water eluate 
was precipitated with IO% potassium acetate in 95% ethanol. Potassium heparinate 
was adsorbed on ECTEOLA modified cellulose and eluted with a stepwise sodium 
chloride gradient. The material eluted with concentrations of sodium chloride between 
I and 2 M was collected, desalted by gel filtration, and further purified by precipitation 
with cetylpyridinium chloride, according to Laurentls. The fraction that was pre- 
cipitated by the quaternary ammonium compound at a magnesium chloride con- 
centration of I M was collected, desalted by gel filtration, and dried with ethanol and 
ether. This material (A) had [&+40.0” (c 3, water). 

The 28/15 ball joint was greased with silicone lubricant and closed with a 
metal clamp. The tube, evacuated and filled with nitrogen several times was eventually 
filled with this gas, closed, and heated at I roe for 20 h in a heating block. Continuous 
agitation of the contents of the tube was insured by mounting tbe heating block on a 
shaker. After cooling the tube to 4”, the stopcock was opened and the contents 
of the tube, frozen to -40°, were dried from the frozen state and redissolved in water 
three times. The final aqueous solution was centrifuged, and the dark-brown super- 
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natant was precipitated with 3 vol. of 10% potassium acetate in 95% ethanol. The 
precipitate was washed repeatedly with 95% and absolute ethanol, then with ether, and 
dried to give 87.7 mg of heparin B. Two aliquots of heparin B (rg mg each) were 
dissolved in water and precipitated with a 2% solution of cetyltrimethylammonium 

bromide in water (2 ml). Each precipitate was suspended in distilled water, transferred 
to a cellophane tube, and dialyzed at 4” against running distilled water. One dialysis 
tubing was removed after three days; the heparin-quatemary ammonium salt complex 
was collected by centrifugation, washed with 10% potassium acetate in 95% ethanol, 

and dried with ether to give 13 mg of heparin C. Heparin C (II mg) was dissolved in 
water (I ml) and the solution was applied to a column of Dowex 50 (X-4, 2oo-400 
mesh, Hf form, 30 x I cm) which was then eIuted with water. The volume of the 
hexuronic acid-containing eluate was reduced in a fiash evaporator (600), and the 
heparin was precipitated with IO% potassium acetate in 95% ethanol, and washed 
with absolute ethanol and ether to give IO mg of heparin D. 

The second dialysis tubing was removed after 6 days of dialysis and the heparin 
recovered was applied to a column of Scphadex G 25 (1-g x 140 cm, Pharmacia, 
Uppsala, Sweden) which was eluted with distilled water. The hexuronic acid-con- 
taining material appeared with the void volume of the column as a sharp peak, 
followed by a slowly declining tail. The eluate corresponding to the sharp peak and 
that corresponding to the slo\vly declining part were reduced in volume, precipitated 
with potassium acetate in ethanol, and dried with ether. Heparin SI (15 mg) was 
recovered from the fist, and heparin S2 (2.5 mg) from the second, eluate. 

TABLE I 

SPECIFIC ACTIVITY OF HEPARIN LABELED BY CATALYTIC EYCHANGE, AT DIFFERENT STAGES OF PURIFICATION 

Preparation Specific Activity 3H cpmnjpg heparin 

Heparin A 0 

Heparin B 321 
Heparin D 279 
Heparin S I 260 
Heparin S z 362 
Heparin SS I 280 

The radioactivity was measured in a scintillation counter, using 50 pl of aqueous solution of the 
compound to be counted, 5 ml of a-methoxyethanol, and IO ml of toluene containing 15 g of 
2,%iiphenyloxazoIe and 50 mg of I,+bis-z-(3-phenyloxazolyl)benzene per Iiter. The efficiency of 
the instrument for 3H was calculated by use of a known amount of tritiated water as a standard. 
The degree of quenching was assessed, and when necessary corrected, bjr use of tritiated water as 
internal standard for each counted sample. The concentration of heparin in each solution was 
measured with a borate modification of the Dische test*. 

Milligram amounts of heparin A, B, D, S I, and S 2 were dissolved in water 
and aliquots were used for determination of specific activity and protbrombin time. 
The results obtained are given in Table I and Fig. I. 
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Heparin S I (3.7 mg was again passed through the Sephadex G-25 column and 

3.2 mg was eluted in a symmetrica! peak (Heparin SS I). Aliquots from each tube 
composing the peak were used for measuring the speciEc activity of heparin. The 
results are given in Fig. 2. 

Fig. I. Biological activity (prothrombin time) of heparin, labeled by catalytic exchange, at different 
stages of purification. The prothrombin time was measured by addition of heparin (I to IO p(g) 
in 0.9% sodium chloride (0.1 ml) to titrated human plasma (0.1 ml) and simplastin (0.2 ml) at 37”. 
The low biological activity of heparin D is presumably due to cleavage of N-sulfate groups during 
concentration at 60” of the strongly acidic material eluted from a column of Dowex 50 (X-4, H-r-form). 

-HEPARlN 

. RADlOACTlVlTY 

llJ111~1;2&&~1 
42 46 50 TUEGW. 58 62 64 

Fig. 2. Second passage through Sephadex G 25 (x.9 x 140 cm column) of Heparin S I, labeled with 
tritium by catalytic exchange. 

Heparin S I (8.7 mg) was hydrolyzed in a sealed tube (4~ hycirocbloric 
acid at I 10~ for 4 h.). Analysis of amino sugars, performed on the hydrolyzate accord- 
ing to Gardell’s techniqueg, indicated that glucosamine was the only amino sugar 
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present. Known amounts of glucosamine isolated from the hydrolyzate and known 
amounts of heparin S I were dissolved in 50 ~1 of water and used for radioactivity 
measurements. It was found that 280 ,ug of isolated glucosamine account for 45.5% 
of the radioactivity present in I mg of heparin S I. 

(b) Tritium-labeling of heparin by Wilzbach’s method’0 

Potassium heparinate (A) (500 mg) was exposed to 5 curies of tritium gas for 
a period of 2 weeks in a conventional Wilzbach apparatus. After removal of the gas, 
the heparin was dissolved in water, precipitated, and washed with ethanol and 
ether, and dried, as described for the catalytic-exchange technique. The heparin 
(340 mg) recovered was dissolved in water and precipitated with cetylpyridinium 
chloride, the final yield being 104 mg (heparin E). Part of this preparation was dis- 
solved in water, and aliquots were used for measurement of biological activity (pro- 
thrombin time) and radioactivity. The material was found to have no biological 
activity left, and a specific activity of 28,600 cpm/pg. It is unlikely that this material 
was radiochemically pure, but it was not purified further because of lack of biological 
activity_ 

(c) Tritium-labeling of heparin by exposure to tritium gas under electric discharge 
Potassium heparinate (A) (500 mg) was placed in the metal cup of the cell 

shown in Fig. 3. The surface of the joint was greased, and the cell was connected 
into a vacuum system for the introduction of tritium gas. The cell electrodes were con- 
nected to the secondary winding of a neon-light transformer whose input was regulated 
with a Variac. The cell was evacuated for at least 30 rnin, and degassing was considered 
to be sufficient, when the intensity of the discharge produced by 800 volts across 
the electrodes did not decrease, the cell being isolated from the vacuum line. Tritium 
gas (I curie; 0.4 ems) was introduced into the cell to a pressure of 5-8 mm of mercury 
and the input voltage of the cell was started at approximately IOOO volts. During 
the following 20-30 min, the voltage had to be gradually increased to 2000 volts in 
order to maintain the intensity of the discharge. After I h, the glow of the discharge 
turned from pink to blue, indicating that the tritium gas had been depleted con- 
siderably. At this point, the discharge was discontinued, the cell was evacuated, 
and replenished with another curie of tritium gas, and the whole operation was 
repeated. Upon completion of the second exposure, the electric input was discontinued, 
and the cell was evacuated with a diffusion pump, for at least I h, in order to remove 
residual tritium gas. Thereafter, air was slowly let into the apparatus. The cell was 
removed from the vacuum system, its upper part was carefully lifted, and repiaced 
with a 125~ml Erlenmeyer fiask provided with the male part of a 34/45 joint shortened 
to fit the bottom part of the cell. The assembly was rapidly inverted and gently tapped 
on the bottom until all the solid material had been transferred to the flask. After 
removal of the bottom part of the cell, the heparin was dissolved in water, precipitated 
with 10% potassium acetate in 95% ethanol, and dried with ether. The material 
(360 mg) recovered was redissolved in water and precipitated with cetylpyriclinium 
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chloride in a quantitative yield (heparin F). A few mg of this preparation was dis- 
solved in water and tested for biological activity (prothrombin time) and radioactivity. 
The material was found to have full biological activity and a specific activity of 
11,500 cpm/pg. Repeated gel titration of this preparation and several precipitations 
with ethanol and cetylpyridinium chloride failed to change its specific activity or 
biological activity. 

Fig. 3_ The discharge cell consists of a 34145 joint, cut off to provide a joint surface 1.5 cm high. 
The stainless steel cup and plate are connected to Kovar (Carborundum Corp., Niagara Falls, N.Y.) 
electrodes. When the cell is closed, the distance between the pIate and the rim of the cup is I cm. 
The celI is connected to a vacuum line with an appropriate joint, provided with a stopcock. 

Table II summarizes some chemical analyses and molecular-weight determina- 
tions of the ori_ginal potassium heparinate and of the tritiated preparations. Infrared 
spectra of the original material and of the labeled preparations did not show any 
qualitative difference. 

(d) Labeling of tritiated heparin with 35s 

Tritium-labeled heparins B and F, which had retained full biological activity, 
were labeled with 3% using the technique described by Levy and Petraceck for 
partial N-desulfation and resuIfation2, with minor modifications. A solution of tritiated 
heparin (300 mg) in 0.04~ hydrochloric acid (3 ml) in a sealed Pyrex tube was im- 
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mersed for 4 h in a boiling methanol-acetone azeotrope (12.1% of methanol, 87.9% of 
acetone w/w; b-p. 55.7O). The hydrolyzate was neutralized and an aliquot was removed 
for analysis. The remainder was transferred to a 40-ml Pyrex centrifuge tube and 
stirred at room temperature for 2 h with equal weights of sodium carbonate and 
pyridine-35S0s complex, the latter being added gradually during the 2-h period. Care 
was taken to maintain the pH of the solution between g and IO. At the end of the 

TABLE II 

ANALYSIS OF ORIGINAL HEPARIN AND OF HEPARIN LABELED WITH TRITIUM 

Heparins Molecular weight a C% N% S% Ash % 3H dpmlm Biological activity 

A 11,000 f 1,000 21.5 1.7 9.84 46.5 0 100 

E 7,500 f 600 18-g 1.7 10.64 45.8 28,600 0 
F 10,goo 1 700 I I.500 100 

SI 10,500 f ,500 21.1 1.6 9.86 48.38 314 100 

“Sedimentation equilibriumll. 
bThe biological activity of the original preparation was arbitrarily taken as IOO. 

reaction period, the heparin was precipitated with cetylpyridinium chloride, and the 
precipitate was washed and dried by centrifugation with 10% potassium acetate in 95% 
ethanol, and with ether. The heparin thus recovered was dissolved in water and passed 
through a column of Amberlite CG 120 (2oo-400 mesh, 15 x I cm, Hf form) and 
through at least three columns of Dowex I (X8,2oo-400 mesh, 5x I cm, OH- form). 
The complete removal of inorganic 35SO4 was assessed by measuring the ratio sH cpm/ 
3% cpm of consecutive aliquots of each eluate. When a constant ratio was obtained, 
the solution was neutralized, and. the heparin precipitated with cetylpyridinium 
chloride, washed several times with potassium acetate in ethanol and with ether, and 
dried. Analyses of the original preparation, of the aliquots removed after partial 
N-desulfation, and of the final products indicated that the partly N-desulfated material 
had very little anticoagulant activity left, whereas the final, doubly-labeled products 
had an anticoagulant activity consistently higher than that of the original preparation. 

DISCUSSION 

The analytical data for the tritiated heparin preparations indicate that the 
two of them obtained by methods (a) (heparin B) and method (c) (heparin C) had 
undergone little or no degradation. As indicated by the first gel filtration of heparin B, 
approximately 13% of this product (heparin S 2), retarded in its elution from the 
column, has a higher specific activity and a lower biological activity than the material 
eluted with the void volume. In all probability, the retarded aliquot represents 
material which has become more labeled but has also been degraded to a larger extent. 
Because of its lower biological activity, this aliquot is not suitable for metabolic 
experiments. Its removal by gel atration, however, produces a good yield of heparin 
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(heparin SI) which is equally labeled in the glucosamine and hexuronic acid moieties, 
has properties similar to those of the original preparation, and therefore seems to be 
suitable for metabolic experiments. 

In both labeling techniques, the mechanism for exchange of hydrogen with 
tritium probably consists of two steps: at first, activation of the substrate by hydrogen, 
atom abstraction with formation of a free radical: then activation of tritium gas or 
tritiated water with addition of tritium atoms to the free radicals. In the technique 
of catalytic exchange, however, the activation of the substrate depends on the for- 
mation of a proper complexwith the catalyst surface 12. A functional complex is usually 
achieved by chemisorption through delocalization of rc electrons of the substrate into 
the empty d-shells of the catalyst. In the case of heparin, which lacks z electrons, 
a weak complex may be formed between o electrons and the most active, but less 
abundant, sites of the catalyst surface. Hence, a small number of free radicals are 
formed. Moreover, the abundance of sulfur in heparin may greatly reduce the efficiency 
of the catalyst, limiting to a further extent the degree of labeling of the substrate. 
Despite the low specific activities obtained (amenable, however, to measurement 
with modem scintillation counters), the technique of labeling heparin by catalytic 
exchange is worth description, and possibly further refinements because it may be 
performed under technical conditions which are simpler and less hazardous than those 

required for labeling under electric discharge. The loss of biological activity of the 
hepa& labeled with Wilzbach’s method is probably due to cleavage of glycosidic 
bonds rather than to loss of 0- or N-sulfate groups. This is not an unexpected result, 
since it is known that radiation-induced labeling proceeds simultaneously with radio- 
lytic degradationra. An attempt to fractionate this heparin preparation into fractions 
of increasing molecular weight 1s has indicated that the larger ones still have a discrete 
biological activity, but a lower specific activity, than the small, biologically inactive 
fractions. Thus, it is probable that the material more directly exposed to the effects 
of radiation (surface material) has become more labeled, but has also been degraded 
to a larger extent. 

The usefulness of doubly-labeled heparin in metabolic studies is demonstrated 
by the results obtained by perfusing it through isolated, surviving, rat livers and by 
injecting it intravenously into rabbits 14. Analysis of blood and bile samples collected 
during 5 h of liver perfusion have indicated a constant aH/35S ratio for the heparin 
isolated from blood, and absence of tritium-labeled material from the bile. 

Analyses of blood and urine samples collected from rabbits have confirmed the 
rapid disappearance of heparin from the circulation, and its slow urinary excretion. 
However, analyses of the heparin isolated from blood and urine samples have demon- 
strated a gradual removal of N-sulfate groups, as indicated by a ratio sH/asS progres- 
siveIy higher than the ratio of the injected heparin or of the heparin extracted from 
blood immediately after injection. 

Barring improbable species differences, it appears that the mammalian organism 
is capable of severing the N-sulfate linkages of heparin. The liver, however, does not 
seem to be involved in this reaction, or in the excretion of heparin through the bile. 
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The reported presence of 3% radioactivity in the bile of dogs injected with N-(35S-re- 
sulfated) heparins may be interpreted as excretion of ssSO4 (either free or conjugated 
in ester form) which was cleaved from heparin in sites other than the liver. 

SUMMARY 

Heparin has been labeled with tritium by exposing it to tritium gas under an 
electric discharge or to tritiated water in presence of palladium b!ack. The tritium 
label is stable under a variety of conditions, and, at least in the heparin labeled by 
catalytic exchange, is equally distributed between hexosamine and hexuronic acid 
moieties. Tritium-labeled heparin has also been labeled with 3% by replacing some 
N-sulfate groups with similar groups labeled with 3%. The final products retain the 
original physicochemical and biological properties, and appear to be suitable for 
metabolic experiments. 
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INTRODUCTlON 

Many sugars and their derivatives are degraded by acid to 2-furaldehydes; 
the tist reactions are probably &a-enohzations which are followed by @-elimination 
of the C-3 substituent to give unsaturated 3-deoxyaldoses (which may then be de- 
hydrated to a-furaldehydesl). In the case of z-U-methylaldoses, these unsaturated 
sugars can conveniently be obtained by a mild alkaline treatment, the reactions 
proceeding no further in alkali1*2. 

CHO CHO pyranose furanose 
I i 

CHOR H+or OH- COR + fonns + forms 
I - II 
CHOR’ CH (OH at C-S) (OH at C-4) 
I I 

Pyranose forms of these unsaturated sugars, obtained by the alkaline treatment 
of a,+di-O-methylaldoses, have been shown to be dehydrated under mild acid 
treatment, to yield 3,4-dideoxy-3-enopyranosuloses and then a-furaldehyde&3. 
The preparation and study of the chemistry of the corresponding furanose forms** 
is of special interest because sugars lacking a potential hydroxyl group at C-5 do 
not appear to yield 2-furaldehydes on acid treatment4a5. 

This paper reports the preparation of such an unsaturated furanose sugar, 
3-deoxy-2,5,6-tri-O-methyl-D-erythro-hex-2-enofuranose (4) and, its degradation by 
acid to give, not a 2-furaldehyde, but a 3(zH)-furanone 5***. 

RESULTS AND DISCUSSION 

The glycenofuranose 4 was obtained from 2,3,5,6-tetra-O-methyl-D-glucose (3) 
by the action of lime-water, as reported for the glycenopyranosess. The crystalline 

*For Part VII, see Ref. 7. A preliminary account of some of this work has been given*. 
**The authors has previously obtained a crystalline furanose form, S-deoxy-a-O-methyl-B-D-erytlrro- 
hex-z-enose. However, as (in solution) it gave an equilibrium mixture of the furanose and pyranose 
forms, the chemical reactions couId not be studied independently. 
***Carbohydrate numbering Is used for compounds l-4 and 6-9, and heterocyclic numbering for 
the furanone 5. 
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methyl glycosides 1 and 2, used for the preparation of 3, were synthesized essentially 
by the method of Levene and Meyers, namely, by methylation of r,a-O-isopropylidene- 
CC-D-ghICOfUranOSe, methanolysis-glycosidation to the methyl 3,5,6-D-i-O-methyl- 
glucofuranosides, separation of the a-D and #?-D anomers by distillation, and, finally, 
methyIation of the C-2 hydroxyl groups to give the glycosides 1 and 2. Although 

C+OMe 

I 

f 
OMe 

CI+OMe 
I 

OH 

OM‘Z 

2 

Levene and Meyer did not obtain these glycosides in a pure state; the only mod& 
cation of their method that was required was that the intermediates (all liquids) 
be carefully purified. The purity of all these compounds and of the final glycosides 
was checked by gas-liquid chromatography (g.1.c.). 

Methylation of the glycenofuranose 4 with methyl 
the methyl furanosides, the a-D-anomer 6 being isolated 
the P-D anomer 7 by crystalhsation. 

sulfate and alkali yielded 
by preparative g.l.c., and 

40’ 1 
/ 

OMe 

%O+ 4 

C+,OMe 

CH20Me 

I 

OMe 

7 

I 

MeOH: 

y$OMe 

MeOctQoMe + MeOkwe 
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The unsaturated methyl furanosides 6 and 7 were found to be very labile 
in acid media. In contrast to the unsaturated pyranosides’, anomerization takes 
place rapidly in dilute acid solution at room temperature. In acidic carbon tetra- 
chloride solution, these furanosides are rapidly polymerized to an insoluble, black 
resin. In methanolic hydrogen chloride, much insoluble, black polymer is also formed, 
but addition of methanol occurs at the double bond, to yield the methyl glycosidulose 
dimethyl acetals 8 and 9. 

By contrast, in aqueous acids, even at IOOO, little darkening of compounds 
4-9 takes place. The furanosides 6 and 7 are reversibly hydrolyzed to the glycenose 4. 
Under slightly more vigorous conditions, 4, 6, and 7 all give the furanone 5 in about 
70% yield. Formation of the furanone from the methyl glycosidulose dimethyl 
acetals 8 and 9 also occurs, but more slowly and in poor yield. 

The furanone 5 is stable for some hours at 100~ in aqueous O.IN hydrochloric 
acid. There ~was no spectral indication of the formation of a-furaldehydes, either 
in this instance, or when 4-9 were treated with acid. 

Structures of compounds 4-9 
(G) Unsaturated sugars 4, 6, and 7 

The presence of a double bond in each compound, 4, 6, and 7, was indicated 
by their infrared absorption at 1670 cm-1 (pyranose analogs 1668-1678 cm-1)2a7, 
and by the maxima in the ultraviolet absorption at 194 rnp (pyranose analogs 198- 
200 rnp)2,7. The optical rotations (higher positive value for 6 than 7) suggested that 
6 and 7 were CC-D and #?-D anomers, respectively. However, assignation of the structures 
rests mainly on the evidence from the n.m.r. spectra. 

The signals from H-I, H-3, and H-4 in the n.m.r. spectrum of each of the 
furanosides 6 and 7 were well resolved and approximately first-order(see Figs. I and 2). 
The assignments followed from the chemical shifts and the splitting patterns. The 
significant differences between the two spectra were in the values of .J&: 0.9 c.p.s. 
for 6, and 4.0 c.p.s. for 7. 

The spatial disposition of H-I and H-4 differed in the two anomers, H-I and 
H-4 being trans for 6 and cis for 7. The very large value of .&a for 7 is most unusual 
for either a 1,3 coupling across an oxygen atom or for a homoallylic couplings. 
An analogous structure occurs in the pyrrolizidine alkaloids, where the hetero 
ring-atom is a nitrogen instead of an oxygen atom. These alkaloids give Jbsc values 

of ca. 5 c.p.s. (cis protons) and lower values for J,,, (rruns protons)a. Culvenor 
et aLg explained the large coupling in the cis compounds as being due to the addition 
of a long-range coupling, via the rear residual lobes of their C-H o-orbitals, to the 
n-orbital, homoallylic interaction. Whatever the mechanism, it is clear that the cis 
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compounds showed the large coupling 9; by analogy, the furanoside 7 (having the 
large J1,4) has the cis configuration and is, therefore, the /I-D anomer. 

1 1 , I&. 
5.27 4.97 4.48 dppm 3.68 3.41 3.34 

Fig. I. N.m.r_ spectrum of methyl 3-deoxy-z,5,6-tri-O-methyl-a-D-eryz/~ro-hex-2-enofuranoside (6) 
in carbon tetrachloride solution with internal tetramethylsilane (6 0.00 p.p_m.) at 60 Mc.p.s. The 
spectmm amplitude of inserts was 50 c.p.s. 

The n.m.r. spectrum of the glycenose 4 was complicated, since it was the sum 
of the spectra of its cc-~ and B-D forms. Furthermore, the signals of H-3 and H-4 
of at least one anomer overlapped each other. However, the H-I signals were well 
downfield of the others; with pyridine as solvent. the doublet of the B-D anomer 
and the singlet of the a-~ anomer were clearly resolved, and it was concluded from 
the intensities of the peaks that they were present in approximately equal proportions. 
The n.m.r. spectra of deuterium oxide solutions of 4 and of (6 + 7) were similar, 
except that the signals of H-I and, to a lesser extent, of H-4 were shifted downfield, 
owing to the presence of a hydroxyl group at C-I in 4, instead of the glycosidic methyl 
group in 6 and 7. 

In some of the 3(2W)-furanones synthesized by Rosenkranz er aLlO, the furanone 
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ring is not conjugated to subtihents, and the spectra of these fur-ax~~nes txn, there- 
fore, be usefully compared with 5. For example, 2,5-dimethyl-3(2H)-furanone shows 
an absorption peak, A,, at 260 m,~ (E 12,200), but, in alkaline solution, this gradually 
changes to 296 mp; under similar conditions, the peak given by 5 at 262 m,u drifts 
to 296 rnp. (These authors10 ascribed the change in spectrum to the formation of 

H-l H-3 

1 I , 1 L II 
239 495 470 d pPm. 369 340gs25 

Fig. 2. N.m.r. spectrum of methyl 3-deoxy-+,g,~tri-O-methyl-8-D-erythro-hex-2-enofuranoside (7) 
in carbon tetrachloride solution with internal tetramethylsilane (6 0.00 p.p.m. ) at 60 Mc.p.s. The 
spectrum amplitude of inserts was 50 c.p.s. 

an enolic form of 2,4-pentanedione derivative.) Also, in carbon tetrachloride, the 
infrared spectrum of their furanone shows bands at 1712 and 1610 cm-r, whereas 5 
shows bands at 1700 and 1602 cm- 1. The same authors10 also reported the n.m.r. 
spectnun of 5-(dimethylaminomethyi)~2-methyl-3(2H)-none. The chemical shifts 
(in carbon tetrachloride solution) of the ring protons H-2 (6 4.40) and H-4 (singlet 
6 5.48) were comparable to those of the furanone 5 (6 4.48 and 5.62, respectively) 
(cf. Fig. 3). 

Since the 2,2_dideuterofuranone 5a was readily formed in deuterium oxide, 
the furanone and the g-hydroxyfuran forms were in equilibrium. The equilibrium 
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must, however, lie on the side of the furanone, because the furan form was not 
detected by the n.m.r. spectra. 

t 
I 1 I I I I 

591 dwm 4.00 4.50 3,79 3.40 3.39 

Fig. 3_ N.m.r. spectrum of 5-(o-gfycero-I,2-dimethoxyethyl)-3(2H)-furanone (5) in deuterium oxide 
from internal sodium 2,2-dimethyl-2-silapentanc-s-sulfonate (6 0.00 p_p.m_) at 60 Mc.p.s. The 
signal from H-z (dotted peak) was absent from the spectrum when the furanone was treated with 
acid in deuterium oxide or was formed in deuterium oxide (Z,Z dideutero form 5a). 

(c) Glycosidulose acetals 8 and 9 
The structure of these acetals 8 and 9 was largely determined from spectral 

evidence. The infrared and ultraviolet spectra showed the absence of both C=C and 
C=O bonds, and of hydroxyl groups. The n.m.r. spectra showed that each acetal 
contains five methoxyl groups, an isolated glycosidic proton (singlet downfield), 
and a methylene group (C-3) bonded to two carbon atoms, one with no hydrogen 
atoms and the other with one (two quartets at high field, with the expected large 
geminal coupling, J&b 13.1 and 13.4 c.p.s.). The anomeric configurations of the 
glycosidic groups, assigned from the optical rotations, should be reliable, since 
there are no interfering features. 

Mechanism for the formation of the furanone 5 
The transformation of the glycenose 4 to the furanone 5 involves the loss of 
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a molecule of water and the hydrolysis of the vinylic methoxyl group. The reaction 
could take the path 10--+13. For this scheme to be possible, the hydrolysis of 11 to 
12 must proceed readily under mild conditions, because furans did not accumulate 
during the formation of the furanone (when the reaction was followed by n.m.r. 

spectroscopy, no definite peaks were seen between 6 6 and 8). Not much is known 
about the rate of hydrolysis of 3-methoxyfurans; in the case of &)-methoxyfuran- 
5(z)-carboxylic acid, treatment with 0.2~ hydrochloric acid for 2 h at Joo” was requireds. 
Therefore, if 3-methoxyfurans are intermediates, they must be hydrolyzed at an 
appreciably faster rate-a likely possibility, since the furan 11 is not stabilized by 
conjugation to a carboxyl group. 

In the alternative mechanism, the vinylic methoxyl group is hydrolyzed first, 
to give the 3-deoxyglycosulose (R-CHOH-CHa-CO-CHO). This compound is, 
probably, an intermediate in the formation of the furanone 5 from the methyl 
glycofuranosidulose acetals S and 9, but, in the latter instance, the furanone is 
formed slowly and in poor yield. The low rate of formation of the furanone could be 
due to the slowness of the hydrolysis of the glycoside or acetal groups of 8 and 9. 

EXPERIMENTAL 

General 
The microanalyses were performed by the Australian Microanalytical Service, 

MeIbourne, and the nuclear magnetic resonance spectra were obtained on a Varian 
model A60 spectrometer by Mr. P.J. Collins of the Division of Coal Research, 
C.S.I.R.O. The chemical shifts were measured against internal sodium a,a-dimethyl- 
2-silapentane-5-sulfonate when the solvent was deuterium oxide, and, with other 
solvents, against internal tetramethylsilane as standard (6 0.00 p.p.m_). The chemical 
shifts were corrected against chloroform in carbon tetrachloride solution containing 

tetramethylsilane (6 7-27) Optical rotations were determined with a Perkin-Elmer 
Model 141 polarimeter, the infrared spectra on a Perk&Elmer Model 221 spectro- 
meter, and the ultraviolet spectra with a Beckman Model DK-2A spectrometer. 

Gas-liquid chromatography was performed on a Wilkens Aerograph Model 

ZOO gas chromatograph fitted with a flame ionization detector. For analytical sepa- 
rations, two columns of 3-mm stainless steel were used: Column A, 2 m long, was 
packed with 5% methylsilicone gum on Chromosorb* W, 60-80 mesh, and was 

*Trademark of the Johns-Manville Product Corporation. 
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(a) a-D homer (l)_ The distilled product crystallized readily, and was recrystal- 

lized twice from pentane to give large needIes, m.p. 16-17O, [a]% +113~, +122“, 

and +117” (c I; water, methanol, and chloroform, respectively) (Haworth et aZ.ll 
gave m-p. I IO, [a]% + 106.5” (c 2, methanol). 

Anal. Cak. for cllH2206: C, 52.8 ; H 8.9. Found: C, 52.9, H, 9.0. 
The glucoside gave a single peak on columns A (R 1.03) and B (R 1.00). 

(b) B-D Anomer (2). The distilled product crystallized rapidly when seeded, 
and was obtained as stout rods from pentane, m.p. 23-23.5O, [a12g -88”, -g4”, 

and -95’ (c I ; water, methanol, and chloroform, respectively). wess and Heumannls 

gave [a]D -72-f (methanol) for a noncrystalline product prepared by a different 
method]. 

Anal. C&z. for CrlH2206: C, 52-8; H 8.9. Found: C, 52-y; H, 8.9. 

The glucoside gave a single peak on columns A (R 0.90) and B (R 0.85). 

q&6-Tetra-0-methyl-D-glucofuranose (3) 
The methyl D-glucosides above were hydrolyzed with O-IN sulfuric acid at 

100”; the a-D anomer (1) required 30 min, and the B-D anomer (2), 60 min. The cooled 

solutions were neutralized with barium carbonate, and filtered. The fihrates were 
deionized with ion-exchange resins, and concentrated to sirups which were distilled 
at 8o”/o.oo~ mm to give, in both instances, the methylated glucofuranose (3), [a]“: 
-20.9, and -34.7” (c I; water and methanol, respectively), (lit.llJ2 [a]D -7.6” 
and -21O.) 

Anal. Calc. for ClOH2006: C, 50.8; H, 8.5. Found: C, 51.0; H, 8.6. 
The C&D mixture was only partially resolved on column A (R 1.25). 

3-Deoxy-2,5,6-tri-O-nzethy~-D-erythro-hex-2-enofuranose (4) 
A solution of 2,3,5,6-tetra-O-methyl-D-glucose (3) (35 g) in 3,500 ml of 0.04~ 

calcium hydroxide (Oa-free) was kept at 50” for 16 h, cooled, neutralised with carbon 
dioxide, and atered. The titrate was concentrated to a sirup which was extracted 
with chloroform. The extracts were concentrated, and the residue distihed at 

8&“p.oo2 mm to give 4, a colorless liquid, [a]“: +35 i-g-6” (30 min) (c I, water), 

J&l’,, 194 rnp (E 7,100); it showed a strong band at 1668 cm-l. 
Anal. Calc. for C9H1603: C, 52.6; H, 7-g. Found: C, 52.6; H, 7-g. 
The n.m.r. spectrum of 4 was taken for a deuterium oxide solution, and, 

after the removal of the deuterium oxide, for a pyridine solution. In pyridine solution, 

approximately equimolar amounts of the two anomers were present, as judged from 

the intensities of the H-I signals (a doublet for the B-D anomer, 6 6.20, J1,p 4.0 c_p_s., 
and a singlet for the a-D-anomer, 8 6.11); also, one of the three methoxyl bands 

(6 3.31, -3.49, and 3.62) consisted of two peaks of equal intensity (6 3.48 and 3-50). 

each due to one anomer. In deuterium oxide solution, the differences in chemical 
shifts of H-I of the two anomers were not as great, so that the signals appeared as two 
peaks, the one at 6 5.72 bein 8 due to the a-D anomer and the high-field part of the 

doublet of the P-D anomer; the second peak at 6 5.77, was of about one-third the 
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intensity, and was due to the low-field part of the /?-D anomer signal. The behavior 
in these two solvents was thus similar to that shown by 3-deoxy-2-O-methyl-a, 
P-D-erythro-hex-2-enofuranose2. 

In acid solution (O-IN at 70” for 30 min), 4 was converted into the furanone 
5 in 70% yield, as indicated by the ultraviolet absorption. 

5-(D-glycero-r,z-Dinzethoxyethyl)-3(2H)-furanone (5) 
A solution of 4 (12 g) in 0.1~ hydrochloric acid (150 ml) was heated at 100~ 

for 6 min, cooled, neutralized to pH 7 with sodium bicarbonate, and extracted four 
times with chloroform. The extracts were dried (NazSOa) and evaporated, and the 
residue was distilled at go”/o.oor mm to give the furanone 5, which was recrystallized 
from ether as colorless needles, m-p. 27-27_$‘, [al22 +107_6” (c E; zater), intense bands 
at 1700 cm-l (C=O) and at 1602 cm-l K=C-C=O), 1 && 187 and 262 rnp 

(E 2,400 and 12,800), changing after 30 min in 0.01~ sodium hydroxide to Amsx 296 rnp 
(E 17,200). 

Anal. Calc. for CSH1204: C, 55.8; H, 7.0. Found: C, 55.7, H, 7.1. 
The furanone 5 gave a single peak on g.1.c. on column A (R 0.38) and B (R 1_17), 

showing its strong polar character, which was confirmed by its insolubility in pentane. 
The n-m-r. spectrum recorded for its deuterium oxide solution is shown in Fig. 3. 
In carbon tetrachloride, small chemical shifts took place (H-4 at 6 5.62, Hz-2 

at 4.48, H-I’ at 4.13, HZ-~’ at 3.62, OCHs at 3.45, and OCHs at 3.57). 
When deuterium oxide replaced water as the solvent in the formation of the 

furanone 5 from 4, or when the furanone was subjected to the same acid treatment 
in deuterium oxide, the product was the 2,2_dideuterofuranone 5a, as indicated by 
the absence of the He-2 absorption band in the n.m.r. spectra. 

In aqueous 0.1~ hydrochloric acid, the furanone 5 was stable, very little change 

in the ultraviolet spectrum occurring even after I h at 100’. In acid, nonaqueous 
solvents, the furanone rapidly darkened, to form an insoluble, black polymer. In a 
sample of carbon tetrachloride which contained a trace of acid, the furanone was 
completely polymerized at room temperature in less than one hour. 

Methyl 3-deoxy-2,5,6-tri-O-methyf-a- and -/I-D-erythro-hex-2-enofiiranoside (6 and 7) 
The glycenofuranose 4 (25 g) in ether (15 ml) was methylated at room temper- 

ature by the addition during IO min of a solution of sodium hydroxide (35 g in go ml) 

and methyl sulfate (30 ml). The reaction mixture was vigorously stirred during the 
addition and for a further 2 h. The furanosides were extracted into ether, and the 
extracts concentrated to a sirup which was distilled at 75”/o.o1 mm. The product 
consisted of equal amounts of 6 and 7. 

(a) CC-D Anomer (s).oThe CC-D anomer was separated by g.1.c. on column D; [a]‘; 

+33” (c 0.4, water), 3. mix 194 m,u (E 7,330), strong band at 1669 cm-l. 

Anal. Calc. for ClOH1805: C, 55.0; H, 8.3. Found: C, 54.7; H, 8. I. 
It gave single peaks on g.1.c. on columns A (R 0.62) and B (R 0.78). The n.m.r. 

spectrum is shown in Fig. I. (J1,3 0.7, J1,4 0.9, J&4 1.8, and J4,5 7.2 c.P.s.). 
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(b) B-D Anomer (7) The /CD anomer crystallized from the anomeric mixture 
at -zoo. It was recrystallized twice from ether at 
(c 0.5, water), I zaz 

-40 to -50°; m.p. 30”, [a]% +13” 
194 rnp (E 8,500), strong band at 1670 cm--1. 

Anal. Calc. for GOHMOS C, 55.0; H, 8.3. Found: C, 54.8; H, 8.2. 
It gave single peaks on g.1.c. on columns A (R 0.66) and B (R 0.93). The n.m.r. 

spectrum is shown in Fig. 2 t.71,~ 0.7, J1,4 4.0, J&4 1.5, and J&5 5.4 c.P.s.). In deuterium 
oxide, the n.m.r. signals of H-I from the two anomers were well separated (singlet 
at 6 5.42 for 6, and a doublet at 6 5.53 for 7), but those of H-3 and H-4 formed a 
complex band. 

(c) Action of acid on 6 and 7. When 6 or 7 was treated with 0.1~ methanolic 
hydrogen chloride for 40 min at 25“, or for 3 min at 5o”, the reaction mixture turned 
black, and, after it had bees neutralized with sodium hydroxide, g.1.c. and n.m.r. 
spectroscopy showed that, in each case, the good yield of recovered product was 
an almost equimolar mixture of 6 and 7, with a trace of 8. Longer reaction times 
yieided 8 and 9. 

In 0.1~ hydrochloric acid in water or deuterium oxide, 6 and 7 were rapidly 
hydrolyzed at room temperature to an equilibrium mixture consisting, on a molar 
basis of, about eight parts each of the free sugar 4 (a,@) and methanol and one part 
each of the furanosides 6 and 7. This result was obtained by an examination of n.m.r. 
signals of H-x (4, two peaks at S 5.72, 577 in the ratio of 3:1; 6, a singlet at 6 5.42; 
and 7, a doublet at 6 5.53) and from the methoxyl signals (methanol gave a peak 
at a slightly higher field). When the reaction mixture was warmed, the furanone 5 

was formed, and 4,6, and 7 disappeared at the same rate. The ultraviolet absorption 
indicated a yield of furanone of about 70%. 

Methyl pdeoxy-5,6-di-O-methyl-a- aEd -fb-erythro-hexofuranosidulose dimethyl 

acetai (8 and 9) 

The unsaturated furanoside 7 (I g) was heated at 50” for 25 min in 0.1~ anhy- 
drous, methanolic hydrogen chloride (20 ml); during this treatment, a relatively 
large amount of insoluble black material formed. The reaction mixture was cooled, 
and made slightly alkaline with N sodium hydroxide; most of the black material 
dissolved when the alkali was added. The methanol was evaporated, and the residue 
was extracted with pentane. The extract was evaporated to a clear sirup (530 mg), which 
was subjected to preparative g.1.c. on column C to give three fractions. The first 
fraction was an unresolved double peak, and the second and third fractions came 
from two slightly overlapping peaks, but enough of the overlap was rejected to ensure 
that fraction 2 was free from fraction 3. Each fraction was analyzed on columns 
A and B. The first fraction consisted mainly of the unsaturated furanosides 6 and 7, 
with slightly more of the 8-D anomer; the second was the pure B-D-furanosidulose 
acetal 8; and the third was the a-D anomer 9 contaminated with about 3% of 8. 

In the original preparation, fractions I, 2, and 3 were present in the ratio of o-6:2:1, 
as estimated by g.1.c. 

(a) a-D Anomer (8). This anomer was obtained pure, as judged by g.1.c. on 
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columns A (R 0.90) and B (R 0.72); [cY]‘~ +92.5” (c 2, chloroform), no A,,, from 
185 to 400 rnp, no infrared OH stretch bands or bands in the double-bond region 
(1500-2000 cm-l). 

Anal. Calc. for &HssOs: C, 52.8; H, 8.9. Found: C, 52.9; H, 8.8. 
The n.m.r. spectrum in carbon tetrachloride showed: two quartets (2 protons, 

H-3a 6 1.83, and H-3b 6 ~-II), a group of three strong, sharp bands above weaker 
ones with a total of 18 protons (split up into: 6 protons due to two OMe at d 3.17, 
7 protons due to two OMe at 6 3.28 and Hs-6, and 5 protons due to one OMe at 6 3-38 
and H-5 and H-6), a multiplet (I proton, H-4 at 8~4.0)) and a singlet (I proton, 
H-I at S 4.46) (Jti,a 13.4, Jsa,4 5-o and J3a.4 8.6 c.p.s.). 

(b) P-D Anomer (9). The sample of this anomer still contained about 3% of 
the a-D anomer, as indicated by g.1.c. on columns A, (R 1.0) and B (R 0.93); [cY]~ 
-68” (c 1.6, chloroform), the ultraviolet spectrum was as for 8, and it showed no 
infrared OH stretch bands or double-bond bands, the n.m.r. spectrum was similar 
to that of the CC-D anomer, except for the following differences: H-3a at 6 1.70, H-4 

at 6-3.75, and H-I at 6 4.40; also, J3a.b 13.1, &.a 6.4 and J3b.4 g-4 c.p.s. 
Cc) Formation offuranone from (8). In 0.03N hydrochloric acid at roo”, the 

yield of the furanone 5 was only 2o-25% after about 2 h. The furanone was identified 
by n.m.r. and U.V. spectroscopy, and by g.1.c. 
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SUMMARY 

3-Deoxy-2,5,6-tri-O-methyl-D-e~ythro-hex-2-enofuranose (4) was prepared by 
the action of lime-water on 2,3,5,6-tetra-O-methyl-D-glucofuranose (3). The a-~ 

(6) and 8-D (7) anomers of the methyl glycosides of 4 were obtained by methylation, 
and each was converted by methanolic acid into their anomeric mixture, and then 

into methyl 3-deoxy-5,6-di-O-methyl-cr- and -B-D-eryf/zro-hexofuranosidulose di- 
methyl acetal 03 and 9). The 5-(D-glycero-r ,t-dimethoxyethyl)-3(2N)-furanone (5) 

was formed by the action of aqueous acid on 4 and 6-9. 
Preparative methods for 3 and for its methyl glycosides were improved. 
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Emil Fischer” stated in 1894 that aldoses do not condense with benzenethiol 
in the presence of acids to form dithioacetals, and he repeated that statement* in 
1908. Fifty years later El-Hewehis, using a mixture of concentrated hydrochloric 
acid and fused zinc chloride as a combined condensing and hydrolytic agent, 
succeeded in preparing crystalline D-galactose diphenyl dithioacetal from lactose and 
benzenethiol; he did not report a yield. El-Hewehis described tetra-O-acetyl-D-ribose 
diphenyl dithioacetal as a yellowish oil distillable in a high vacuum. More recently, 
Horton and Wanders have prepared the crystalline diphenyl dithioacetals of D-ribose 
and L-arabinose. 

In this laboratory we have prepared crystalline D-glucose diphenyl dithio- 
acetal (1) in a 71% yield simply by shaking D-glucose, benzenethiol, and concentrated 
hydrochloric acid for I I days at room temperature. Phenyl I-thio-a-D-glucopyranoside 
(2) could be isolated in low yield from the mother liquor of 1, or it could be obtained 
in a 31% yield by the direct action of concentrated hydrochloric acid upon 1. The 
pyranoid ring structure of 2 was proved by reductive desulfurization with Raney 
nickel to I,5-anhydro-D-glucitol (3). Both 2 and its tetraacetate were quite dextro- 
rotatory, having [a]‘~ values of f258” and j-234” in pyridine, respectively. When 
the phenyl I-thio-a-D-glucopyranoside tetraacetate was treated with hydrogen 
peroxide in glacial acetic acid at room temperature it was converted into the corre- 
sponding sulfone, which was then deacetylated to yield a-D-glucopyranosyl phenyl 
sulfone (4). 

When D-glucose diphenyl dithioacetal (1) was heated briefly with a mixture 
of mercuric chloride and mercuric oxide in ethyl alcohol, a 61% yield of phenyl 
r-thio-a-D-glucofuranoside (5; [cY]~’ D +216O in pyridine) was obtained. Its furanoid 
ring structure was proved by reductive desulfurization to I,&mhydro-D-glucitol (6). 

*For the preceding paper from this laboratory on aryI thioglycopyranosides and aryl glycopyranosyl 
sulfones, see Ref. I. 
**For a recent review on developments in the chemistry of thio sugars, including many references 
to the earlier work in this field, see Ref. 2. 
***Associate in the Visiting Program of the National Institutes of Health, Oct. 1961 to Sept. 1963; 
present address: Textile Research Laboratory, E. I. du Pont de Nemours and Co., Wilmington, 
Delaware. 
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Acetylation of 5, followed by oxidation with hydrogen peroxide and deacetylation, 
yielded a-D-glucofuranosy1 pheny1 suifone (7). 

Although sulfoxides have been described in the sugar series7, we reported in 
the preceding paper1 that we had been unable to isolate one. Now we have succeeded 
in obtaining, in very low yield by the brief action of hydrogen peroxide in gIacia1 
acetic acid on phenyI r-thio-a-D-ghrcofuranoside (5), what we beIieve is a crystaIIine 
a+gIucofuranosyI phenyl sulfoxide (8). It seems probable that the use of peroxy- 
benzoic acid in chloroform at - I 5”, as described recently by Wagner and Wagler for a 
series of phenyl tetra-O-acetyl-r-thio-/3-D-glycopyranosides5, would have been more 
successful. Some data on the infrared spectrum of our sulfoxide, together with 
similar data for some related compounds described in this paper, are given in the 
Experimental. Some reactions that had been successful with the aryl I-thio-/%o 

CHW=‘h)z 
I 

~C0l-l 
I 

HOCH 

-H&-l 
I 

HCOH 

I 
Cl-&OH 

1 

4 

HO 

7 

2 

CHZOH 
I 

HO 

gIucopyranosides and the aryl P--D-gtucopyranosyl suIfones described in the preceding 
paper’ were unsuccessful when applied to the Q-D compounds of this paper. Brief 
mention is made of these reactions in the Experimental, and the diphenyl dithioacetals 
of D-galactose and D-mannose are also described there. 

EXPERIMENTAL 

Paper chromatography was performed on Whatman No. I filter paper by the 
descending method at room temperature with buty1 aIcohoI-pyridine-water (6:4:3) 
unless otherwise noted. The locations of the spots were revealed by dipping the 
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Anal. Calc. for CssHs4OuS: C, 50.84; H, 5.12; S, 6-79; CHsCO, 36.4. Found: 
C, 50.71; H, 5.30; S, 6.73, 6.92; CHsCO, 36.6. 

cr-D-GIucofuranosyI phenyZ szdfone (7) 

Catalytic deacetylation of 2.0 g of the sulfone acetate gave a 97% yield of the 
free sulfone. The product was recrystallized once from ethyl alcohol-pentane and 
once from ethyl alcohol, forming diamond-shaped prisms having m.p. 127-128~ 
(dec.) and [c& j-49.8” (c I.T, water). 

Anal_ Cak. for Cd-h607S: c, 47.36; H, 5.30; S, 10_54_ Found: C, 47.24; 
H, 5.05; S, 10.31. 

a-D- GZucofuranosyZ phenyZ suIfoxide (S) 

A 3-g sample of phenyl I-thio-a-D-glucofuranoside (5) was dissolved in a 
mixture of 25 ml of glacial acetic acid and 6 ml of 30% hydrogen peroxide. After I h 
at room temperature, the clear, colorless solution was diluted with 300 ml of ethyl 
ether. The resulting precipitate, filtered and washed with ethyl ether, weighed 2.4 g 
and appeared, from a paper-chromatographic examination, to contain at least four 
components_ Trituration of the 2.4 g of product with ethyl alcohol and filtration 
Ieft 1.4 g of a mixture that was not identified. The filtrate was concentrated to a 
crystalline residue that was broken up and filtered with a small amount of ethyl 
alcohol. The 0.4 g that was then left undissolved appeared to be mainly one compound, 
which was purified by two recrystallizations from methanol-ethyl ether. The 150 mg 
of shiny needles thus obtained melted about 150-155~ with some discoloration and 
this melting point varied with the rate of heating. The rotation [ol]“: was j-4” (c 1.1, 
water) and the mobility on paper chromatograms developed with butyl alcohol-ethyl 
alcohol-water (40: I I: tg) was about the same as that of the corresponding sulfone (7). 
An attempt to obtain a crystalline acetate was unsuccessful. 

Anal. Calc. for CizH160&: C, 49.99; H, 5.59; S, II.E. Found: (two different 
preparations): C, 50.20, 50.43; H, 5-67, 5.70; S, 11.1, 10.6. 

Results of some miscellaneous experiments 

Treatment of 50 mg of a-D-glucopyranosyl phenyl sulfone (4) with boiling 
aqueous potassium hydroxide for ig h gave a light-yellow, levorotatory solution 
from which 1.5 mg of crude r,6-anhydro-8-D-glucopyranose could be isolated; 
identification was made by paper chromatography and mixed melting-point. Similar 
treatment of 200 mg of a-D-glucofuranosy~ phenyl sulfone (7) resulted in a very 
dark red solution having no detectable rotation (after clarification) and from which 
no crystalline materiai could be isolated. 

The action of 30% hydrogen peroxide in glacial acetic acid upon p-tolyl 
r-thio-/i-D-glucopyranoside for a week at room temperature had earlier given an 
excellent yield of the 6-acetate of the corresponding sulfonel. The similar treatment 
of phenyl I-thio-a-D-glucopyranoside (2) and phenyl I-thio-a-D-glucofuranoside (5) 
faiIed to yield crystalline products. 

Raney-nickel desulfurization of a 25o-mg sample of a-D-glucofuranosyl phenyl 
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s&one (7) gave a mixture of at least five substances according to its paper chromato- 
gram. Desulfurizations, with nickel chloride and sodium borohydride, according 
to Truce and Robert+, of the dithioacetal (1) and the tetraacetate of the sulfone 7 
were likewise unproductive of any crystalline material. 

D- Galactose diphenyl dithioacetal 
When 18 g of D-galactose was dissolved in 50 ml of ice-cold, concentrated 

hydrochIoric acid and 25 g of benzenethiol, and the mixture stirred for go min at 25" 
before being worked up as described for the D-glucose analog (I), the yield of recrystal- 
lized D-galactose diphenyl dithioacetal was only 6.25 g (16%). In a second experiment, 
9 g of D-galactose, 25 ml of hydrochloric acid, and 25 g of benzenethiol were stirred 
for rg h, and the yield of recrystallized dithioacetal was 13-3.8 (69.5%). Upon a 
second recrystallization from ethyl alcohol, the D-galactose diphenyl dithioacetal 
separated as small prismatic needles having m-p. 173-174’ and [oz]“~ -3 1.5’ (c 4.4, 
pyridine). ELHewehi5 reported m-p. 178” but no rotation. 

Anal. Calc. for ClsH&&: C, 56.52; H, 5.80; S, 16.77. Found: C, 56.80; 
H, 5.76; S, 17.02. 

Reductive desulfurization of D-galactose diphenyi dithioacetal to I-deoxy-D-gafactitol 
(L-fucitol) 

A mixture of 2.5 g of D-galactose diphenyl dithioacetal, 25 g of Raney nickel, 
and 75 ml of ethyl alcohol was refluxed for 20 h, filtered, and the Raney nickel washed 
with hot water. The combined filtrates were concentrated to a syrup that crystallized 
readily. The product was recrystallized from ethy1 alcohol to give 0.~8 g of r-deoxy- 
D-galactitol having m-p. 154-155O, alone and also when mixed with authentic r_-fucitol. 

D-Mannose diphenyl dithioacetat 
Unlike D-gIucose and D-galactose, when 18 g of D-mannose was dissolved 

in 50 ml of cold, concentrated hydrochloric acid and the mixture stirred for 90 min 
at 25O, the mixture appeared to thicken at first and then became a clear, pink, homo- 
geneous solution. It was kept overnight at 5” and then diIuted with chipped ice to 
give a fine, white precipitate. The product was filtered and recrystallized, first from 
aqueous ethyl alcohol and then from ethyl alcohol, to give about 6 g of fine needIes 
of D-mannose diphenyl dithioacetal having m.p. 138-139” and [a]: -30.0” (c 2.6, 
pyridine). 

Anal. Calc. for C18H2205S2: C, 56.52; H, 5.80; S, 16-77. Found: C, 56.71; 
H, 5.97; S, 16.72. 

Infrared data 
The infrared spectra were obtained with a Perkin-Elmer recording infrared 

spectrophotometer Model 21. Nujol mulls were used. Since infrared data on glycosyl 
sulfones are rarer and such data on glycosyl sulfoxides are practically nonexistent7, 
we have listed the principal absorption bands of some of our compounds to supple- 

Carbohydrate Res., z (1966) 461-469 



468 E. ZISSIS, A. L. CLINGMAN, N. K. RICH-IMYER 

ment the data reported in our earlier paper I; the most intense bands are shown 
in italic type, and sh denotes shoulder. It wilI be noted that all sulfones have one 
or more absorption bands near 1325 cm-l (the mean absorption frequency attributed 

to asymmetric SO2 stretching vibrations in C-SO& compounds12 ) but the nearest 
band in our sulfoxide is a relatively weak one at 1306 cm-l. Both of the new sulfones 
and their tetraacetates show strong absorption between I 155 and I 150 cm-l, a value 
that is of a frequency slightly higher than the mean value of I 140 cm-1 attributed to 
symmetric SO2 stretching in C-SOz-C! compounds12, but still within the range of 
I 160-1140 cm-l assigned to sulfones 12. Our sulfoxide. shows a strong absorption 
band at 1052 cm-l, which is very close to the mean value of 1050 cm-l cited by 
Bellamy12 for sulfoxides. Like Wagner and Waglers, however, we do not place any 
significance on this value as being especially characteristic of the sulfoxide group, 
because most of our thioglucosides and s&ones also have strong absorption bands 
in the region 1060-1040 cm-l. 

Phenyl I-thio-a-D-glucofuranoside (5): 688, 737, 774, 785, 823, 864, 882, 907, 
925, 951, 1005, 1046, 1072, 1095, 1144, 1218, 1266, 1587, 1723, 3250, 3380 cm-l. 

Phenyl I-thio-a-D-glucopyranoside (2): 691, 740, 848, 863, 970, 1017, 1034, 
1048, 1058, 1077, 1088, 1103, 1117, I 134, 3220, 3370, cm-l. 

Phenyl I-thio-/?-D-glucopyranoside l3 (for comparison with 2): 685, 697, 736, 
819, 876, 1003, 1015, 1033. 1057,1068, 1087, 1117, 1270,3150,3330 cm-l. 

Phenyl I-thio-a-D-glucopyranoside tetraacetate: 688, 742, 907, 920, 976, 983, 
1037, 1065, 1085, 1093, 1113, 1139, 1155, 1205 (sh), 1225 (sh), 1234, 1258 (sh), 
1283 Oh), 1303 (sh), 1317 (sh), 1326, 1340, 1742 cm-l. 

a-D-Glucofuranosyl phenyl sulfone (7): 687, 722, 766, 779, 808, 892, 977, 
IOI2,1035, IOJJ, 1068, IO94, I 115,II55,1234,1283,1303,r3r8,3150,3420,3530 cm-l. 

a-D-Glucopyranosyi phenyl sulfone (4): 689, 737, 760, 775, 859, gI8, 967, ggg, 
1032, 1054, 107.5, 1088, rog8 (sh), II27, 1153, 1225, 1238, 1255, 1289, 1303, 1323, 

1334, 3300, 3530 cm-l- 
a-D-Glucofuranosyl phenyl sulfone tetraacetate: 686, 738, 763, 846, 908, 955, 

978, ggg? Ioog, 1027, 1073, Iog7, II 12, 1131, 1150, 1182, 1231, 1250 (sh), 1267, 
1288, I323, I755 Cm-l. 

a-D-GIucopyranosyI phenyl sulfone tetraacetate: 692, 737, 759, 886, 914, 1040, 
1074, ro84, 1104, 1117, 1143, 1154, 1165, 1204, 1224, 1238, 1250 (sh), 1282, 1309, 
1326, 1350, 1745, 1757, I776 cm-l- 

a-D-Glucofuranosyl phenyl sulfoxide (8): 688, 697, 723 (sh), 734-752 (broad), 
808, 853, 886, 907, 964 (sh), 984, 1001, 1052, 1072, 1115, 1133, 1205, 1252, 1288, 
1306, 2720, 3275, 3560, 4300 cm-l. 
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D-GLUCOSE DIPHENYL DITHIOACETAL AND DERIVATIVES 4% 

SUMMARY 

D-Glucose diphenyl dithioacetal has been prepared for the Erst time, in a 71% 
yield,bytheaction of benzenethiolandconcentrated hydrochloric acid on D-glucose. 

Ithas been converted by acidinto phenyl J-thio-a-wglucopyranosideandbymercuric 
chloride-mercuric oxide into phenyl I-thio-a-D-glucofuranoside; the ring structures 

of these thioglucosides were established by reductive desulfurization. The thio- 
glucoside acetates, upon oxidation with hydrogen peroxide in glacial acetic acid, 
yielded the corresponding a-D-glucopyranosyl and a-D-glucofuranosyl phenyl 
sulfones. An a-D-glucofuranosyl phenyl sulfoxide could be obtained only in very 
small yield. Some infrared data on these compounds are included. 
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DERIVATE DER ZUCKER-THIOACETALE 
TEIL XXXVIII1. CYCLOHEXYLIDENVJXBINDUNGJ5N DJSR D-ARABINOSE-THIOACETALE 

H. ZINNER UND J. MILBRADY 

Institut ftir Organische Chemie der Unicersitrlr Restock (Deutschland) 

(Eingegangen den 24. M&-z, 1966) 

Die D-Arabinose-thioacetalez bilden beim Schiitteln mit Cyclohexanon und 
Zinkchlorid 4.90-Cyclohexyliden-D-arabinose-thioacetale (I). Nach dem Aufarbeiten 
gewinnt man die reinen, kristallisierten Verbindungen mit Ausbeuten von 57 bis 76%. 
Wir versuchten, aus ihnen durch Abspalten der Thioacetal-Gruppierungen mit 
Quecksilber(II)-chlorid und Quecksilberoxyd in wal3rigem Aceton die 4,5-O- 
Cyclohexyliden-al&1zydo-D-arabinose darzustellen. Die amorphe Verbindung war 
jedoch nicht rein; sie konnte such nicht in ein reines, kristallisiertes Derivat iiber- 
geffihrt werden. Erfolgreich verlief die Umsetzung der Cyclohexyliden-D-arabinose- 
thioacetale mit Methanol und Quecksilber(II)-chlorid bei Gegenwart von Quecksilber- 
oxyd; man gewinnt auf diesem Wege das sirupiise, aber reine 4,5-O-Cyclohexyliden- 
D-arabinose-dimethylacetal (IV). Da alle Cyclohexyliden-D-arabinose-thioacetale 
(siehe Versuchsteil) das gleiche Dimethylacetal IV liefern, mu13 sich die Cyclohexyliden- 
Gruppierung bei allen Vertretern in der gleichen Stellung befinden. 

Die 4,5-0-Cyclohexyliden-D-arabinose-thioacetale besitzen zwei freie Hydroxyl- 
Gruppen, die sich mit Acetanhydrid und Pyridin acetyIieren lassen. Die so ent- 
standenen 2,3-Di-O-acetyl-4,5-O-cyclohexyliden-D-arabinose-thioacetale (II) sind idle, 
die sich durch Destillation im Hochvakuum reinigen lassen. Aus dem Di%thyl- 
thioacetal11 spalteten wir den Cyclohexyliden-Rest durch Hydrolyse mit Essigsaure 
ab. Die dabei gewonnene Verbindung (III) ist mit dem bekannten 2,3-Di-O-acetyl- 
D-arabinose-diHthylthioacetal3 identisch. Diese Reaktionsfolge ist ein Beweis daftir, 
daB sich die Cyclohexyliden-Gruppe im Diathylthioacetal II und damit such in den 
Cyclohexyliden-D-arabinose-thioacetalen (I) in 4,pStellung befinden muB_ 

Ein weiterer Strukturbeweis fiir die 4,5-O-Cyclohexyliden-D-arabinose-thio- 
acetale kann durch Oxydation der Verbindungen mit Bleitetraacetat und anschliefiende 
Papierchromatographie der Spaltprodukte erbracht werden. Die Verbindungen 
mill3ten fiir die Glykolspaltung an den C-Atomen 2 und 3 theoretisch 1.0 Mol 
BKtetraacetat verbrauchen. 4 Stunden tritt jedoch ein Verbrauch 

Es findet also neben der Glykolspaltung zusgtzlich an 
der Thioacetal-Gruppierung 

0-Cyclohexyliden-D-glycerinaldehyd (VI) erwarten, wobei ersteres- 
in oxydierter Form vorliegen 

2 (1966) 47o+yg 
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D-Glycerinaldehyd (VII) hydrolysiert, der dann zusammen mit einem D-Glycerin- 
aIdehyd chromatographiert wurde, den wir aus O-Isopropyliden-D-glycerinaldehyd 
nach bekannter Vorschrift4 dargestellt hatten. Beide zeigten gleiche Wanderungs- 
geschwindigkeit. 
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Zur Identifizierung des oben genannten Glyoxal-I-thioacetals (Dimethyl- 
thioacetal) stellten wir zun2chst ein VergleichsprSparat durch Oxydation von D-threo- 

Dihydroxy-succindialdehyd-r,4-bis-dimethylthioacetals (VIII) mit Bleitetraacetat dar. 
Das zu identtiierende und das als Vergleichssubstanz hergestellte Glyoxal-r- 
dimethylthioacetal wurden dann auf acetyliertem Papier chromatographiert. Erwar- 
tungsgem33 war die Wanderungsgeschwindigkeit beider Prgparate gleich. 
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Wahrend sich beim Schiitteln der D-Arabinose-thioacetale mit Cyclohexanon 
unter dem Einflul3 von Zinkchlorid fast nur 4,5-0-Cyclohexyliden-Verbindungen 
(siehe oben) bilden, erhalt man bei Verwendung von Chlorwasserstoff oder Schwefel- 
s%rre als Kondensationsmittel ein Gemisch von 4,5-O-Cyclohexyliden- und 
2,3:4,5-Di-O-cyclohexyliden-D-arabinose-thioacetalen (IX) sowie I-Cyclohexyliden- 
cyclohexanon-(2)s, das durch Selbstkondensation des Cyclohexanons ensteht. Die 
Ausbeute an 2,3:4,5-Di-U-cyclohexyliden-Verbindungen kann dadurch vergriil3ert 
werden, dal3 man das Gemisch unter Verwendung von Kupfersulfat nachkondensiert. 
Am einfachsten gestaltet sich jedoch die Darstellung von IX, wenn man das Thioacetal 
und Cyclohexanon von Anfang an mit Schwefelsaure und Kupfersulfat schtittelt, 
das Reaktionsgemisch anschliel3end mit wtil3rigem Ammoniak neutralisiert, die 
organische Phase vom festen Kupferkomplex abtrennt, das im UberschuD zugesetzte 
Cyclohexanon abdampft und den Riickstand bei IO-* Torr fraktioniert destilliert. 
Das r-Cyclohexyliden-cyclohexanon-(z) geht bei einer Badtemperatur von 60-70~ 
iiber, die 2,3:4,5-Di-O-cyclohexylideh-D-arabinose-thioacetale (IX) werden dann bei 
einer Badtemperatur von 15o-160~ destilliert. 

In allen Vertretern von IX befinden sich die beiden Cyclohexyliden-Reste in der 
gleichen Stellung, denn beim Behandeln der Verbindungen mit Quecksilber(II)- 
chlorid und Methanol bei Gegenwart von Quecksilberoxyd erhalt man immer das 
2,3:4,5-Di-U-cyclohexyliden-D-arabinose-dimethylacetal (XII). Die z&4,5-Stellung 
der Cyclohexyliden-Reste wird unten noch bewiesen. 

Zu einem analogen Ergebnis fiihrt die Abspaltung der Alkylthio-Gruppierungen 
aus den Verbindungen IX durch Behandeln mit Quecksilber(II)-chlorid und Queck- 
silberoxyd in wal3rigem Aceton. Alle Vertreter von IX liefern hierbei die sirupase 
2,3:4,5-Di-O-cyclohexyliden-aldeltydo-D-arabinose, die wir jedoch nicht ganz rein 
gewinnen konnten. Die Verbindung liefert aber nach Reduktion mit Lithiumalumin- 
iumhydrid und Destillation im Hochvakuum den reinen a&4,5-Di-O-cyclohexyliden- 
D-arabit (XIII). Die gleiche Verbindung erhalt man aus D-Arabit durch Kondensation 
mit Cyclohexanon bei Gegenwart von Schwefelsaure und Kupfersulfat. Das auf 
diesem Wege erhaltene Praparat ist aber weniger rein. Zur weiteren Charakterisierung 
fiihrten wir XIII in den I-0-Acetyl-2,3:4,5-di-U-cyclohexyliden-D-arabit (XIV) iiber. 

Die Struktur der 2,3:4,5-Di-U-cyclohexyliden-D-arabinose-thioacetale (IX) kann 
durch partielle Hydrolyse zu den 2,3-0-Cyclohexyliden-D-arabinose-thioacetalen (X) 
und deren Oxydation mit Bleitetraacetat erbracht werden. Die partielle Hydrolyse, 
die wir mit dem Dimethyl-, Diisopropyl-, und dem Di-n-butylthioacetal IX durch- 
fiihrten, ist schwierig. Die besten Ergebnisse erhielten wir durch a.5-stiindiges Erwar- 
men von IX mit So-proz. Essigs%rre auf 65”. Aber such hier enthalt das Hydrolyse- 
gelmisch neben dem gewiinschten 2,3-0-Cyclohexyliden-D-arabinose-thioacetal (X) 
nicht hydrolysiertes Di-0-cyclohexyliden-thioacetal (IX) und D-Arabinose-thioacetal, 
das durch vollsttndige Hydrolyse entsteht: Aus dem Gemisch der drei Verbindungen 
IF&t sich zunachst das D-Arabinose-thioacetal durch Kristallisation weitgehend 
abtrennen. Die Trennung der Mono-O-cyclohexyliden- (X) von der Di-O-cyclohexyl- 
iden-Verbindung (I-X) gelingt durch Chromatographie an Aluminiumoxyd. Auf diese 
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Weise konnten wir das Diisopropyl- und das Di-n-butylthioacetal der 2,3-O-Cyclo- 
hexyliden-D-arabinose als reine &e gewinnen; das Dimethylthioacetal war nicht ganz 
rein darstehbar. 

Die Struktur der 2,3-O-Cyclohexyliden-D-arabinose-thioacetale (X) l~l3t sich 
durch eine iibliche analytische Oxydation mit Bleitetraacetat in Benz01 beweisen. 
Es findet eine Glykolspaltung zwischen den C-Atomen 4 und 5 statt. Der dabei 
gebildete Formaldehyd kann als Dimedon-Verbindung mit einer Ausbeute von 
5565% nachgewiesen werden. Der Cyclohexyliden-Rest mu13 nach diesem Ergebnis 
die 2,3-Stellung einnehmen. 

Am Beispiel des Dimethylthioacetals X ist es uns gelungen, such das zweite 
bei der Oxydation gebildete Bruchstiick, das 2,3-O-Cyclohexyliden-D-ihreo-dihydroxy- 
succindialdehyd-I-dimethylthioacetal (XI), zu gewinnen. Die sirupiise, nicht ganz 
reine Verbindung wurde mit Methylmercaptan und Chlonvasserstoff in Dioxan 
behandelt. Dabei reagiert die noch freie Aldehydgruppe in XI unter Thioacetal- 
Bildung, gleichzeitig wird der Cyclohexyliden-Rest abgespalten; es entsteht das 
bekannte, kristallisierte D-threo-Dihydroxy-succindialdehyd-r,4-bis-dimethylthio- 
aceta15 (VIII). 

JiXF’ERIMENlELLER TEIL 

Darsteilung der 4,5-O-Cyclohexyliden-D-arabinose-thioacerale (I) 
Man l&t 0.01 Mol eines D-Arabinose-thioacetalss unter schwachem Erwarmen 

in 30 ml Cyclohexanon, lal3t auf 20~ abkiihlen, fiigt 3.0 g wasserfreies Zinkchlorid 
hinzu, schiittelt 2.5 Stunden bei 2o", verdiinnt dann mit 50 mi Ather, wgscht die 
gtherische Phase zweimal mit je 30 ml Wasser, einmal mit 20 ml Natriumhydrogen- 
carbonat-Losung und nochmals mit 30 ml Wasser, destilliert den Ather ab und 
vertreibt das Cyclohexanon durch Wasserdampfdestillation im Vakuum. Das 
zuriickbleibende Rohprodukt kristallisiert nach kurzer Zeit. Das Cyclohexyliden-D- 
arabinose-athylenthioacetal wird aus iithanol-Wasser, alle iibrigen, folgend auf- 
gefiihrten Verbindungen werden aus n-Hexan umkristallisiert. 

DimethyZthioacetaE Ausb. 2.32 g (75x), Schmp. gr”, [a]% -55.3” (c 1.44, 
Chloroform) (Gef.: C, 50.62; H, 7.46. Cl3H2404SZ Ber.: C, 50.61, H, 7.84%). 

Diiithylthioacetal: Ausb. 2.22 g (66x), Schmp. 72’, [oL]~ -54.3” (c 2.65, Chloro- 
form) (Gef.: C, 53.40; H, 8.37_ Cl5H2304S2 Ber.: C, 53.54; H, 8.3g%). 

Di-n-propylthioacetak Ausb. 2.08 g (57x), Schmp. 67”, [a]“: -65.7” (c 1.98, 
Chloroform) (Gef.: C, 55-77; H, g-13_ cl7H3204s2 Ber.: C, 56.00; H, 8.85%). 

DifsopropylthioacetaI: Ausb. 2.37 g (65x), Schmp. 79”. [oL]~ -42.1~ (c 3.61, 
Chloroform) (Gef.: C, 55.93; H, 8.67. cl7H320&2 Ber.: C, 56.00; H&85%). 

Di-n-butylthioacetal Ausb. 2.51 g (64x), Schmp. 76’, [c$$ -61.9” (c 3.00, 
Chloroform) (Gef.: C, 58.30; H, g-34. CntHa604Sz Ber.: C, 58.12; H, 9.24%). 

Diisobutylthioacetal: Ausb. 2.27 g (58x), Schmp. 73”, [cc]% -66.9” (c 3.23, 
Chloroform) (Gef.: C, 57.96; H, g.Ig- CnHssO.& Ber.: C, 58.12; H, 9.24%). 
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2.3-Di-0-acetyl-D-arabinose-ditithylthioacetal (III) 
2,3-Di- O-acetyl-4,pO-cyclohexyliden-~-arabinose-~~thylthioacetal(4.2 I g, 0.0 I 

Mol) wird mit 25 ml 8o-proz. Essigsgure go Minuten im siedenden Wasserbad erhitzt. 
Dann engt man im Vakuum zu einem Sirup ein, nimmt diesen in IOO ml Chloroform 
auf, filtriert, w&cht das Filtrat mit 30 ml Natriumhydrogencarbonat-Lesung sowie 
mit 30 ml Wasser, trocknet mit Natriumsulfat, engt zu einem Sirup ein und destilliert 
diesen bei 10-4 Torr und 135-140~ Badtemperatur. Ausb. 2.29 g (67%), farbloser 
Sirup, [cc]‘; -27.0~ (c 2.52, Chloroform), n2i 1.5063. Lit-O: [a]1g-27_3” (c r_23,Chloro- 
form), n2z 1.5050. 

Oxydation des ~,~-O-Cyciohe.ryIiden-D-arabi~~ose-din~ethyItl~ioacetaI~ (I) mi? BIei- 

tetraacetat 
Man ISst 0.31 g (0.001 Mol) I in 35 ml Benzol, fiigt 0.6 g Bleitetraacetat hinzu, 

schiittelt eine Stunde bei zoo, lgl3t anschlieBend 3 Stunden stehen, schiittelt die LSsung 
dreimal mit je 3.0 ml gesgttigter Natriumhydrogencarbonat-Liisung sowie mit 2.0 ml 
Wasser, trocknet mit Natriumsulfat und dampft im Vakuum ein. Der Riickstand wird 
in 1.0 ml Methanol aufgenommen und filtriert. Die so gewonnene Lijsung dient zur 
unten angegebenen Chromatographie. 

Chromatographischer Nachweis Zion GIyoxaI-I-dinzethyIthioacetai ( V) 

Auf einem KeilstreifenT wird eine Probe vorstehend genannter Liisung aufgetra- 

gen; auf einem zweiten Keilstreifen tragt man von einer Liisung auf, die man durch 
Oxydation von 0.28 g (0.001 Mol) D-three-Dihydroxy-succindialdehyd- r,q-bis- 
dimethylthioacetal” und Aufarbeiten, wie zuvor beschrieben, erhalt. Zur Chromato- 
graphie werden das Liisungsmittelgemisch Butylacetat-Pyridin-Wasser (I :5: IO> und 
das Papier ,,Schleicher & Schiill 2043 bmgl acetyliert“ benutzt. Zum Sichtbarmachen 
von V auf den Chromatogrammen dient Anilinphthalate. Die beiden Proben zeigen 
auf den parallel behandelten Chromatogrammen gleiche Wanderungsgeschwindigkeit. 
Der RF-Wert bet&$ 0.48. 

Chromatographischer Nachweis tlon D-Giycerinaldehyd ( VZZ) 

Die methylalkoholische Lijsung (0.5 ml), die nach der Oxydation von I 
erhalten wurde (siehe oben), wird mit 0.5 ml N HeSO 30 Minuten auf 80°erw&mt; 
anschliel3end neutralisiert man durch Schtitteln mit einem Anionenaustauscher 
(Wofatit L) und filtriert. Parallel werden 0.13 g (o.oor Mol) O-Isopropyliden-D- 

glycerinaldehyd* durch Erwgrmen mit 2.0 ml N HeSO hydrolysiert, wiezuvor ange- 
geben. Proben beider Liisungen werden nach der Keilstreifenmethode7 auf dem Papier 
,,Schleicher & Schiill2043 bmgl“ mit dem Liisungsmittelgemisch +Butanol-Athanol- 
Wasser (5: 1:4) bei 20~ chromatographiert. Zum Nachweis des o-Glycerinaldehyds 
auf dem Chromatogramm dient Anilinphthalat *. Die beiden chromatographierten 

Proben zeigen einen RF-Wert von 0.65. 
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DarstelZung der 2,3:4,s-Di-O-cycIohexyZiden-D-arabinose-thioacetaZe (2%) 

Man schltimmt 0.01 Mol eines D-Arabinose-thioacetalsz und 5.0 g wasserfreies 
Kupfersulfat in 25 ml Cyclohexanon auf, fiigt eine unter Ktihhmg hergestellte Mischung 
von 0.5 ml konz. Schwefelsaure und 25 ml Cyclohexanon hinzu, schiittelt 20 Stunden 
bei 2o”, neutralisiert mit konz. Ammoniak-Losung, filtriert vom festen Kupfer- 
komplex ab, entfernt aus dem Filtrat das Cyclohexanon durch Wasserdampfdestilla- 
tion im Vakuum und destilliert den Riickstand bei 10-4 Torr. Das r-Cyclohexyliden- 
cyclohexanon-(2)s geht bei einer Badtemperatur von 6o-70” iiber; anschliel3end 
destilliert man die Di-O-cyclohexyliden-thioacetale bei einer Badtemperatur von 
150-15f; nur die Destillation des Di-U-cyclohexyliden-di-n-butylthioacetals benotigt 
eine Temperatur von 150-160”. Die rein dargestellten Vertreter werden folgend auf- 
gef iihrt. 

Dimethylthioacetal: Ausb. 2.06 g (53x), [c& +63-g” (c 2-39, Chloroform), 
n2z r.52ro (Gef.: C, 58.97; H, 8.65. Cl~H3204S2 Ber.: C, 58.72; H, 8.30%). 

DiEthyZthioacetaI: Ausb. 2.75 g (66x), [&Do +6g.5” (c 1.72, Chloroform), 
12’,” 1.5200 (Gef.: C, 60.62; H, 8.93. C21Hs604S2 Ber.: C, 60.52; H, 8.71%). 

Di-n-propyZthioacetaZz Ausb. 3.02 g (68x), [& f63.g” (c 1.82, Chloroform), 
n2z 1.5164 (Gef.: C, 62.08; H, 8.83. CssH4004S2 Ber.: C, 62.11; H, 9.07%). 

DiisopropyZthioacetaI: Ausb. 2.76 g (62x), [oL]~$ f78.5” (c 1.76, Chloroform), 
n2$ I.gIog (Gef.: C, 62.17; H, 8.96. C2aH4&& Ber.: C, 62.1 I ; H, 9.07%) 

Di-n-butylthioacetak Ausb. 3.35 g (71%), [cc]% f74.3” (c 3.33, Chloroform), 
n% I.5092 (Gef.: C, 63.68; H, g-57. Cs5H44O4Ss Ber.: C, 63.51; H, 9.38%). 

DiisobutyZthioacetaI: Ausb. 2.69 g (57x), [ ] a ‘z i-68.3” (c 3.25, Chloroform), 
n2i I.5090 (Gef.: C, 63.72; H, 9.56. CssH44Q& Ber.: C, 63.51; H, 9.38%) 

2,3:4,5-Di-O-cycZohexyZiden-D-arabinose-dimethyZacetaZ (XZZ) 

2,3:4,5-Di-O-cyclohexyliden-D-arabinose-thioacetal (0.01 Mol) wird behandelt, 
wie oben zur Darstellung von IV angegeben. Nach einer Destillation bei IO-~ Torr 
und 11o-120’ Badtemperatur erhalt man 2.54 g (71%) eines farblosen Sirups, 
[c-& +10.3” (c 2.67, Chloroform), ng 1.4810 (Gef.: C, 64.20; H, g.oI.CI9H32Q6 Ber.: 
C, 64.01; H, 9.05%). 

2,3:4,5-Di-0-cyclohexyliden-D-arabit (XZZZ) 

2,3:4,5-Di-O-cyclohexyliden-D-arabinose-thioaceta.l (0.01 Mol) wird mit 60 ml 
Aceton, 6.0 ml Wasser, 6.0 g Quecksilber(II)-chlorid und 6.0 g Quecksilber- 
oxyd 5 Stunden unter Riihren auf 40~ erwarmt. Dann filtriert man, wascht den 
Rtickstand mit 30 ml Aceton, dampft das vereinigte Filtrat bei Gegenwart von 1.0 g 
Quecksilberoxyd ein, extrahiert den Riickstand dreimal mit je 30 ml heil3em Chloro- 
form, schtittelt die Losung mit 30 ml N KJ sowie mit IO ml Wasser, trocknet iiber 
Natriumsulfat, dampft im Vakuum ein und destilliert den Riickstand bei 10-s Torr 
und 12o-130~ Badtemperatur. Die so gewonnene 2,3:4,5-Di-O-cyclohexyliden- 
aZdeZrydo-D-arabinose (I.92 g) zeigt eine spezif. Drehung von [E]“: t0.4” (c 6.45, 
Chloroform), sie ist nicht analysenrein. Sie wird in 80 ml Ather mit 0.5 g LiAlH4 
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5 Stunden unter RiickfluD env&mt. Dann zerstiirt man das iiberschiissige LiAlH4 unter 
Kiihlen mit 2.0 ml Wasser, saugt den Hydroxydniederschlag ab, dampft das Filtrat 
ein und destilliert den zuriickbleibenden Sirup bei IO-~ Torr und 140-145’ Badtempera- 
tur. Man gewinnt r-55 g (50%) eines farblosen Sirups, [& +7-g” (c 3.49, Chloroform), 
?z’- I.4978 (Gef.: C, 65.52; H, g-23. Cl?&805 Ber.: C, 65.36; H, g.o&). 

r-0-AcetyZ-2,3:q,5-di-0-cyclohexyliderz-marabii (XIV) 

XIII (3.12 g, 0.01 Mol) wird mit 1.5 nil Acetanhydrid und IO ml Pyridin 16 
Stunden bei 20~ acetyliert. Man arbeitet auf, wie oben zur Darstellung von II ange- 
geben. Nach einer Destillation bei 10-4 Torr und 12o-125” Badtemperatur erhglt 
man 2.83 g (80%) eines farblosen Sirups mit [o(]“i +g.g” (c 2.67, Chloroform) und 
n$ r-4906 (Gef_: C, 64.57; H, 8.60. ClgH3006 Ber.: C, 64-37; H, 8.53%). 

Darstellung der 2,3-O-Cyclohexyfiden-D-arabinose-thioacetale (X) 

Man erwgrmt 0.01 Mol eines 2,3:4,5-Di-O-cyclohexyliden-D-arabinose- 
thioacetals unter Riihren mit 25 ml So-proz. EssigsZure 2.5 Stunden auf 65O, 
dampft anschlieDend im Vakuum bei 40-50” Badtemperatur zu einem Sirup ein, 
liist diesen mit 30 ml Chloroform, fltriert, w&cht das Filtrat mit 20 ml gesgittigter 
Natriumhydrogencarbonat-L&ung sowie mit 20 ml Wasser, trocknet mit Natrium- 
sulfat und dampft zu einem Sirup ein. Dieser wird in 3.0 ml Chloroform geliist, die 
Lijsung mit 30 ml Benzin (Sdp. IOO-110~) versetzt und 16 Stdn. bei - 15” stehengelassen. 
Dann filtriert man das auskristallisierte D-Arabinose-thioacetal ab, dampft wieder 
im Vakuum ein, l&t den zuriickbleibenden Sirup in 30 ml Benz01 und fltriert die 
Liisung durch eine SHule (Durchmesser 2.0 tin), die auf 20 cm Lsnge mit Aluminium- 
oxyd der Aktivit?itsstufe 119 gefiillt ist, wgscht zungchst mit 80 ml Benz01 und dann mit 
80 ml g6-proz. Athanol nach. Die ersten IOO ml der durchlaufenden Fliissigkeit 
enthalten die gesamte Menge an nicht hydrolysierter Di-O-cyclohexyliden-Verbindung 
IX, in den nschsten 80 ml befindet sich die 2,3-U-Cyclohexyliden-Verbindung X; 
man dampft die Liisung im Vakuum ein und destilliert den zuriickbleibenden Sirup 
bei 10-4 Torr und 155-165~ Badtemperatur. Die dargestellten sirupiisen 2,3-O-Cyclo- 
hexyliden-D-arabinose-thioacetale werden folgend aufgefiihrt. 

Dimethyltfzioacetal: Ausb. 0.50 g (160/,), [a12i +40_1” (c 2.24, Chloroform), 
n2z 1.5323; die Verbindung ist nicht ganz rein. 

Diisopropylthioacetak Ausb. 1.05 g (2g%), [c& t58.5” (c 1.96, Chloroform), 
n1g5 I.5196 (Gef.: C, 56.03; H, 9.15. cl7&204s2 Ber.: C, 56.00; H, 8.85%). 

Di-n-butylthiuacetal Ausb. I. 15 g (2g%), [LZ]~~ +68.0” (c 1.55, Chloroform), 
n% 1.5138 (Gef.: C, 57.97; H, 9.53. Cl9H360& Ber.: C, 58.12; H, 9.24.x). 

D-threo-Dihydroxy-succindiaZdehyd-I,4-bis-dimethyZtflioacetaZ (VIII) 

Man l&t 3.08 g (0.01 Mol) 2,3-O-Cyclohexyliden-D-arabinose-dimethyl- 
thioacetal in IOO ml Benzol, fiigt 5.0 g gepulvertes Bleitetraacetat hinzu, riihrt 20 
Minuten bei 2o”, fltriert das ausgefallene BleisaIz ab, wascht das Filtrat dreimal mit 
je 30 ml gesgttigter Natriumhydrogencarbonat-L&ung sowie einmal mit 20 ml Wasser, 
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trocknet mit Natriumsulfat und engt zu einem Sirup ein, der aus rohem O-Cyclo- 
hexyliden-D-rhreo-dihydroxy-succindialdehyd-x-dimethylt~oace~l (XI) besteht. Den 
Sirup lost man in 30 ml einer Io-proz. Liisung von ChlorwaSserstoff in Dioxan’ 
kiihlt die Lijsung auf o” ab, gibt 3.0 ml Methylmercaptan binzu, 1aBt 3 Stunden in 
einem gut verschlossenen Kolben bei zoo stehen, dampft im Vakuum ein, l&t die 
Kristallmasse in 25 ml Benzol, dampft emeut im Vakuum ein und kristallisiert den 
Rtickstand aus n-Hexan urn. Ausb. 1.68 g (61”/,), Nadeln, Schmp. I 16”, [a12z i-5.3” 
(c 2.13, Methanol). Lit. F Schmp. 116”, [cY]*~ f5.5” (Methanol). 

ZUSAMMENFASSUNG 

D-Arabinose-thioacetale werden mit Cyclohexanon bei Gegenwart von Zink- 
chlorid zu 4,5-0-Cyclohexyliden-D-arabinose-thioacetalen kondensiert. Deren Struk- 
tur wird einmal durch Uberfiihren in das bekannte z,3-Di-O-acetyl-D-arabinose- 
diathylthioacetal und weiterhin durch Oxydation mit Bleitetraacetat und chromato- 
graphischen Nachweis des als Bruchstiick enstandenen Glyoxal-r-thioacetals und 
0-Cyclohexyliden-D-glycerinaldehyds bewiesen. Bei Verwendung von Schwefel&.rre 
und Kupfersulfat als Kondensationsmittel erhalt man aus den D-Arabinose-thio- 
acetalen und Cyclohexanon als Hauptprodukte 2,3:4,5-Di-O-cyclohexyliden-D- 
arabinose-thioacetale, die sich durch Erwarmen mit Essigsaure zu 2:3-O-Cyclohexyl- 
iden-D-arabinose-thioacetalen hydrolysieren Iassen. Die Strukturaufklarung dieser 
Verbindungen erfolgt am Beispiel des Dimethylthioacetals durch Bleitetraacetat- 
oxydation in Benz01 ; als Bruchstiicke werden Formaldehyd und 2,3-O-Cyclohexyliden- 
D-rFz~eo-dihydroxy-succindialdehyd-I-dimethylthioacetal nachgewiesen. Letzteres wird 
in das bekannte c-threo-Dihydroxy-succindialdehyd-I,4-bis-dimethylthioacetal iiber- 
geftihrt. 

SUMMARY 

Condensation of D-arabinose dialkyl dithioacetals with cyclohexanone in the 
presence of zinc chloride gives 4,5-0-cyclohexylidene derivatives for which structures 
have been established by conversion of the diethyl dithioacetal into the known 
2,3-di-0-acetyl-D-arabinose diethyl dithioacetal, and by chromatographic identifica- 
tion of the fragments resulting irom oxidation with lead tetra-acetate. By using 
sulphuric acid-copper sulphate as condensing agent, the principal product is the 
2,3:4,5-di-0-cyclohexylidene-D-arabinose dialkyl dithioacetal, which, with warm 
acetic acid, yields the 2,3-0-cyclohexylidene-D-arabinose dialkyl dithioacetal. 
Structural assignments for these compounds follow from the oxidation of the dimethyl 
dithioacetal with lead tetra-acetate in benzene which gives formaldehyde and 2,3-O- 
cyclohexylidene-D-threo-dihydroxysuccindialdehyde I-(dimethyl dithioacetal). The 
latter compound was converted into the known bis(dimethy1 dithioacetal) of D- 
threo-dihydroxysuccindialdehyde. 
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IN-IRODUCTION 

In our studies on the biosynthesis of lactose and ‘-neuramin-lactose”- a-N- 

acctylneuraminyllactose or O-(5-acetamido-3,5-dideoxy-D-gZ~ce~~-~-D-g~Z~c~~-nonu- 
1opyranosid)onic acid-(2+3)-O-~-D-gaIactopyranosyl-[I-+4)-D-glucose - by rat 
mammary glands1*2, ion-exchange chromatography of neutral sugars as borate 
complexes3 was selected for the isolation and purification of radioactive lactose. 
When the chromatography was performed in a cold room at 4”, a single peak of 
lactose was eiuted from the column, whereas experiments at room temperature with 
similar rat mammary-gland extracts gave two peaks positive to sugar reagents, one 
corresponding to lactose, and the other to an unidentified sugar. 

This report describes experiments performed with several disaccharides which 
were found to undergo chemical changes, when subjected to borate ion-exchange 
chromatography at room temperature. Lactose was studied in some detail, and the 
sugar formed during its chromatography was identified as Iactulose (4-O-/3-~- 
galactopyranosyl-D-fructofuranose). 

MATERL4LS AND METHODS 

Columns (I x 14.5 cm) of Dowex 1-B (zoo-400 mesh) were utilized initially, 
but later on, the 5o-100 mesh of the same resin was found more satisfactory, because 
it gave the same elution patterns and permitted easier regulation of the flow rate of 
the eluting buffers. The resin was washed with hot 4~ hydrochloric acid, as described 
by Svennerhohn*, prior to its conversion into the borate form. 

The chromatographic separations were performed as described by Khym and 
Zills. The disaccharide (50 mg) was dissolved in 0.005~ potassium tetraborate 
(IO ml), and allowed to equilibrate for 2 h prior to introduction into the column. 
The elution of materials containing carbohydrate was followed by analysis of ~-ml 
aliquots of the effiuent by the anthrone reaction in a final volume of 4 ml, using a 
method previously described5. The fractions corresponding to the individual peaks 
were pooled, and the potassium tetraborate was removed by passage through a 
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column of Dowex 50-w (Hf), followed by evaporation and repeated distillation with 
methanol6. 

The presence of ketoses was qualitatively established by the Seliwanoff reaction’. 
Hydrolysis of disaccharides was performed in 0.5 N sulfuric acid at roo” for 

2 h. The hydrolyzates were cooled, and neutralized with saturated barium hydroxide, 

and the precipitated barium sulfate was removed by centrifugation. 
Ionophoresis experiments were performed either on Sch!eicher and Schuell 

no. 598 or on Whatman No. 3 MM filter papers in 0.05 M borax buffers, at pH g-2. 

The separations were done at 375 volts, for 4 h, in a water-cooled instrument of the 
horizontal type (Research Equipment Corporation, Model E-800-2). 

Paper chromatography was performed on Whatman no. I filter paper with the 
following solvents: 3-methyl-r-butanol-pyridine-o.1 N hydrochloric acid (4:4:~)~; 
ethyl acetate-pyridine-water (100:55:65). The chromatograms were developed by 

descending irrigation for 23 h, and the front of the solvent was allowed to flow out of 
the serrated end of the paper. The dried chromatograms were treated either with an 
anthronete or with a urea11 spray reagent (both of which are specitic for ketoses), the 
spots were outlined with pencil, and the paper was then sprayed with the benzidine12 
reagent to locate all reducing sugars. 

An authentic sample of lactulose was prepared by alkaline isomerization of 
lactose with lime waterla. 

RESULTS 

The elution patterns of the experiments with maltose and cehobiose are shown 
in Fig. I and Fig. 2. The electrophoretic mobility of the sugar presents in each of 
the two main peaks was studied; the results are shown in Table I. The third peak 
was heterogeneous in both cases, and the electrophoretograms showed two faint 
spots, one with the mobility of glucose and another migrating half-way between the 
sugar from peak II and standard glucose. 

TABLE I 

IOKOPHORETIC MOBILITIES OF THE SUGARS OBTAINED FROM MALTOSE AND CELLOBIOSE BY BORATE ION- 

EXCHANGE CHROhfATOGRAPHY 

Substance Jvglucose” 

Maltose colun~n (Fig. r) 
Peak I 
Peak II 
Standard Maltose 

0.28 

o-55 
0.28 

Cellobiose column (Fig. 2) 
Peak I 0.27 
Peak II 0.54 
Standard Cellobiose 0.27 

=Uncorrected experimental values obtained with 0.05 hl borate buffer, pH 9.2. 
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The elution patterns obtained from the experiments with lactose at room 
temperature and in the cold (4”) are shown in Fig. 3 and Fig. 4, .respectively. Elutions 
carried out in the coId yielded a single peak of lactose, whereas those carried out 

16 

1.5 

1.4 

13 

Fractton nu-nber 

30 50 70 
Fraction number 

Fig. I. Elution pattern of a so-mg sample of maltose, subjected to ion-exchange chromatography on a 
column (I x 14.5 cm) of Dowex I (borate form, 50-100 mesh), at room temperature. The vol. of the 
fractions was so-60 ml. 

Fig. 2. Elution pattern of a so-mg sample of cellobiose subjected to ion-exchange chromatography 
on a column (I x 14.5 cm) of Dowex I (borate form, 50-100 mesh), at room temperature. The vol. of 
the fractions was so-60 ml. 

at room temperature yielded two peaks. Material from Peak I corresponds to lactose, 

whereas that from Peak II was identified as lactulose, on the basis of the following 
experimental tidings: positive Seliwanoff test, chromatographic identification of 

Fraction number 

Fig. 3. Elution pattern of a so-mg sample of lactose subjected to ion-exchange chromatography on 
a COhnU (I X 14.5 cm) of Dowex I (borate form, 50-100 mesh), at roa1l te.mpeIXtLUe. The VOI- 

of the-fractions was 50-60 ml. 
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1.4r 

Fractron number 

Fig. 4. Elution pattern of a so-mg sample of lactose subjected to ion-exchange chromatography on 
a column (I x 14.5 cm) of Dowex I (borate form, so--IOO mesh), at 4”. The vol. of the fractions 
was So-60 m!. 

galactose and fructose in the products of acid hydrolysis, and chromatographic 
mobility and ionophoretic migration in borate buffer identical with those of authentic 
lactulose. Furthermore, the ketoses gave typical positive reactions with specific spray 
reagents. Table II shows the results of these experiments. 

DISCUSSiON 

The formation of Bijeseken complexes 1* between neutral sugars and borate 
ions has been utilized advantageously for the separation of sugars by paper chromato- 

graphy15, paper ionophoresiss, and ion-exchange chromatography3. The column- 
chromatographic technique3 is especially suitedforpreparative purposes andit is widely 
used in carbohydrate chemistry. The chromatography of lactose gives satisfactory 
results, provided that the columns are maintained at low temperature. At room tem- 
perature, however, a considerable proportion of the initial material undergoes 
chemical changes that result in the elution of two sugar-containing peaks in the 
chromatography of lactose and three peaks in the case of either maltose or cellobiose. 
Experiments with lactose, carried out at room temperature, showed that a consider- 
able (and variable) amount of lactose was isomerized to lactulose. 

Present methods of preparation of lactulosel6 are, ingeneral, minor modifications 
of the original method of Montgomery and Hudsonl7, based on the alkaline isomer- 
ization of lactose by the action of calcium hydroxide. In alkaline medium, the D-glucose 
moiety of lactcse undergoes a Lobry de Bruyn-Alberda van Ekenstein rearrangement18 
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TABLE II 
CHROMATOGRAPHIC AND IONOPHORETIC MOBILIl7ES OF THE SUGARS OBTAINED FROM LACTOSE BY BORATE 

ION-EXCHANGE CHROh¶ATOGRAPHY 

Sobstance RG by paper chromatography in MC” 

by 

3 Methyl-r-butanol- Erhyt acetate- ionophoresis 
pyridine-0.r N HCI pyridine-water in 0.05 M 

(4:4:2) (100:55:65) borate bufer, 

PH 9.2 

Standard Sugars 
Lactose 0.63 
Lactulose o-73 
Galactose 0.88 

Fructose 1.06 
Lactose Column (Fig- 3) 

P&k I 0.63 
Peak II 0.73 
Hydrolyzateb of peak II 0.88; 1.06 

0.72 0.42 

0.78 0.72 
o-94 0.92 

1.06 0.89 

0.72 0.41 

0.79 0.72 
0.93; 1.07 0.90 

auncorrected experimental values. 
*Paper chromatograms of the hydrolyzate showedtwo spots positive to sugar reagents.The R~IUCOS~ 
is given for each spot in both solvent systems. The ionophoretic experiment gave a single spot, because 
mixtures of galactose and fructose cannot be resolved, as shown by the Mgzueosa of the standard sugars. 

to form a terminal D-fructose. The yield of lactulose is low because of the behavior of 
/3-alkoxycarbonyl compounds at alkaline pH; as a result of p-elimination, D-galactose 
and isosaccharinic acids are formedl9. 

The protective and catalytic action of borate ions in the alkali-catalyzed 
isomerization of sugars was studied by Mendicinoso, who reported the formation of 
a D-fructose-containing disaccharide (presumably Iactulose) from lactose, under rather 
drastic conditions of pH and temperature. The fructose moiety of lactulose is known 
to occur in the furanose form21 which, as stressed by BGesekerP, is the most favorable 
structure for the formation of sugar-borate complexes. The fact that the borate 
complex of lactulose is more negatively charged than that of Iactose is evident from 
their ionophoretic and ion-exchange behavior. 

It is likely that a similar transformation mi&t occur in the experiments with 
maltose and cellobiose (see Figs. I and 2) and that the small amounts of glucose 
eluted with 0.030 AS potassium tetraborate would be derived from the corresponding 
keto-disaccharides by &%mination. In the case of Iactulose, /Z-elimination results in 
liberation of D-galactose rather than D-glucose. Since galactose is eluted by 0.0015 M 
potassium tetraborates, trace amounts of free galactose, if present, could be eluted 
together with lactulose, and hence only two peaks positive to sugar reagents would 
appear in the elution pattern 

The equilibrium of the various possible forms of the borate complexes of a 
given sugar is known to be influenced by pH, sugar concentration, and the ratio of 
borate to sugar 22. These factors, as well as the temperature effect reported here and 
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the ratio of sugar to resin, should be taken into account in a detailed study of the 
mechanism of isomerization of disaccharides. The use of these observations in the 
development of rapid methods for the preparation of lactulose and other disaccharides 
is being further investigated. 
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SUMMARY 

Three reducing disaccharides, lactose, maltose, and cellobiose, were found to 
undergo chemical changes when subjected to ion-exchange chromatography on 
columns of Dowex I (borate) at room temperature. The new product formed during 
the chromatography of lactose was found to be Iactulose. This isomerization of lactose 
was found to be temperature-dependent, since a single peak of lactose was eluted from 
columns operated at 4”. 
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TEIL II*. DIE RADIKALISCHE ADDITION VON BENZYLMERKAPTAN AN 

ENOLISCHE ZUCKERDERIVATE** 

JXHEN LEHhlANN 

Chemisches Luboratorium der Unioersittit, Freiburg LB. (Deutschland) 

(Eingegangen den 28. Miirz, xg66) 

EIraFijHRUNG 

Die Einfiihrung einer C-S-Bindung anstelIe einer C-0-Bindung in ein Zucker- 
molekiil wurde bisher durch nucleophilen Angriff geeigneter Thioverbindungen auf 
reaktive Zuckerderivate erreicht. Die Vielzahl der dabei miiglichen Reaktionen wurde 
von Horton und Hutsonl zusammenfassend dargestellt. Beilgufig werden such 
Arbeiten envihnt, in denen auf die Mijglichkeit hingewiesen wird, Schwefelverbin- 

dungen2-4 an ungesgttigte Zuckerderivate zu addieren. Dal3 sich enolische Zucker- 
verbindungen fiir radikalische Additionsreaktionen, z.B. von Bisulfit, in hervorragen- 
dem MaBe eignen, wurde bereits gezeigt s. Im Folgenden sol1 an einigen Beispielen 
die Reaktion von Benzylmerkaptan mit enolischen Zuckerderivaten unter Bestrahlung 
mit ultraviolettern Licht beschrieben werden. Von besonderem Interesse ist dabei 
die Stereoselektivitsit der radikalischen Addition. Gegeniiber der Reaktion ungesgittig- 
ter cyclischer Kohlenwasserstoffe, die in diesem Zusammenhang fast ausschliel3lich 
untersucht wurden, sind in der genannten Verbindungsklasse Unterschiede zu erwarten, 
die durch die Wirkung des Enolsauerstoffs als Elektronendonator und die stabili- 
sierende Wirkung freier oder substituierter Hydroxylgruppen auf die Konformation 
von Ringverbindungen zu erkliiren sind. 

DISKUSSION 

Die radikalische Reaktion von Thiolen mit Olefinen ist seit langer Zeit bekannP 
und in ihrem Mechanismus vor allem von Kharasch ef aZ.7 und Back et aZ.8 geklgrt. 
Die sterischen Verhgltnisse dabei wurden an Reaktionen von Thiolen mit Cyclohexen- 
und Cyclopenten-derivaten untersucht. Im Falle des r-Chlorcyclohexensg, des 
I-Methylcyclopentens und des r-Methylcyclohexens4 erfolgt vorwiegend Truns- 

addition. Weitherhin wurde gezeigt, da13 die Bevorzugung der Trans- gegeniiber der 
C&addition von Thiophenol iiber Schwefelwasserstoff nach Thioessigsgure abnimmtg. 
Auflergewijhnliche Verhiililtnisse existieren bei der Addition von Thiolen an I-Chlor- 
bicycloalkene, wo fast nur Cis-addition beobachtet wurdelO. 

* TeiI I: _I. LEHMANN, Carbohydrate Res., 2 (1966) I. 
** Herrn Prof. Dr. A. Liittringhaus zum 60. Geburtstag gewidmet. 
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Die Lebensdauer des IntermedC-radikals, das nach dem Angriff des Thiyl- 
radikals ensteht, h%rgt von der Art des eingesetzten Olefins ab, auaerdem von der 
Geschwindigkeit, mit der im zweiten Schritt der Additionsreaktion ein Wasserstoff- 
atom aus einem weiteren Thiolmolekiil abstrahiert werden kann. Bei geniigend grosser 

Lebensdauer ist im TntermediZb-radikal die Einstellung einer energetisch giinstigen 
Konformation moglich, wie schon von Bordwell et al.4 angedeutet wurde. 

Als Thiol-Acceptoren wurden Methyl-6-desoxy-x--D-xylo-hex-5-enopyranosid 
(I)il, 3-Desoxy-I,2:S,Qdi-O-isopropyliden-a-D-erythro-hex-3-enose (lI)ls--13, und D- 

Glucal(III)~5J6 gew$ihlt. Durch die groDen strukturellen Unterschiede kann mit diesen 
Verbindungen ein recht klares Bild der radikalischen Addition von Benzylmerkaptan 
an enolische Zuckerderivate gegeben werden. Als Thiol wurde Benzylmerkaptan 
eingesetzt. Die glatt verlaufende Hydrogenolyse der Thiobenzykither durch Natrium 
in fliissigem Ammoniak eriiffnet einen Weg zur Darstellung von Thiozuckem17-lg. 
Die reduktive Entschwefelung mit Raney-NickeFO fiihrt zu Desoxyzuckern. Neben 
diesen prsparativen Mijglichkeiten war fiir die Wahl von Benzylmerkaptan die weit 

gr6Bere Stabilitgt der S-H-Bindung gegenilber der in Thioessigsgure mabgebend. 
Nach den schon erhiuterten Gesichspunkten ist dadurch die Additionsreaktion sehr 
verlangsamt. Die parallel laufende Erhiihung der Lebensdauer des Intermedigr- 
radikals ermbglicht diesem, sich in die stabilste Konformation einzustellen. 

Im Gegensatz zu Benzylmerkaptan reagiert Thioessigsaure such ohne u.v.- 
Bestrahlung in wenigen Minuten quantitativ mit I unter Bildung schlecht isolierbarer 
Reaktionsprodukte, von denen zwei in grijBerer Menge entstehen. Die weitere Unter- 

suchung dieser Reaktion sol1 Gegenstand einer sptiteren Arbeit sein. Das Tri-O- 
acetyl-Derivat von I reagiert unter analogen Bedingungen nicht. Ebensowenig 
konnten Maki et czl.“l ein Additionsprodukt von ThioessigsCrre an Tri-O-acetyl-D- 
glucal nachweisen. Sie erhielten statt dessen ein Di-0-acetyl-I-thio-D-pseudoglucal. 

Die Reaktion von I mit Benzylmerkaptan ergibt nach zweistiindiger Bestrahlung 
mit einer Quecksilber-Hochdrucklampe ausschlieDlich ein Produkt. Der zeitliche 
Ablauf der Reaktion wurde papierchromatographisch verfolgt. Bereits nachroMinuten 
ist Reaktionsprodukt nachzuweisen, nach 30 Minuten ist der Umsatz So%ig und 
nach zwei Stunden quantitativ. Es entsteht dabei Methyl-6-S-benzyl-6-thio-a-D- 
glucopyranosid (IV), dessen Konstitution durch Entschwefelung mit Raney-Nickel 
unter Bildung von Methyl-6-desoxy-a-D-glucopyranosid (V) bewiesen wurde. IV 
reagiert in siedendem Methanol nicht mit Quecksilberchlorid, es kann also kein 
Thioacetal durch Addition in 5-Stellung von I entstanden sein. Auf gleiche Weise 
konnte bei allen folgenden Reaktionen eine Markownikoff-Addition ausgeschlossen 
werden. Dieser Befund entspricht den Erwartungen, da bei radikalischen Additionen 
von Thiolen an Olefine bisher nur anti-Markownikoff-Verlauf beobachtet wurde. 
IV ist eine wachsartige amorphe Substanz, die nach Acetylierung ein kristallines 
Acetylderivat VI liefert. Theoretisch w&en bei der Addition von Benzylmerkaptan 
zwei Isomere zu erwarten, n?imlich das bereits beschriebene D-Glucose- sowieein 
L-Idose-Derivat. Bei der Addition von Diboran an Derivate von I ist dies such der 
Fall’s_ Zwei Isomere werden ebenfalls bei der Addition von Thioessigsaure an p-Pinen 
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gefunden*, das wie I ein sechsgliedriges Ringsystem mit exocyclischer Doppelbindung 
ist. Die beobachtete ausschliel3liche Bildung von IV kann so verstanden werden, 
dal3 das intermedZre Radikal Ia induktiv durch den benachbarten Ringsauerstoff 
stabilisiert wird. Die so erreichte hohere Lebensdauer ermiiglicht die Einstellung des 
Gleichgewichts zugunsten von Ia (Abb. I) mit einer Bquatorialen -CHZ-S-CHZ-~H~- 
Gruppierung. Das Wasserstoffatom aus einem zweiten Molekiil Benzylmerkaptan kann 
dann nur in axialer Position eintreten. Die Frage nach der sterischen Anordnung des 
trigonalen Kohlenstoffradikal&s beim Eintritt des Wasserstoffatoms, planare oder 
tetraedrische Form, ist damit in diesem speziellen Fall zugunsten der tetraedrischen 

Ib 

Abb. I 

Form beantwortet. Bei der Entbenzylierung von VI in fliissigem Ammoniak mit iiber- 
schiissigem Natrium wird such ein Teil der Acetylgruppen angegritTen. Wahrscheinlich 
ist es giinstiger, derartige Debenzylierungen mit den nicht acetylierten Verbindungen 
durchzuftihrenlg. Reacetylierung des Reaktionsproduktes mit Acetanhydrid in Pyridin 
ergibt eine im Hochvakuum destlllierbare einheitliche Substanz von leichter Gelb- 
fgrbung. Nach Entacetylierung ensteht amorphes Methyl-6-thio-rr-D-glucopyranosid 
(VII) mit einer S-H-Absorption im Infrarotspektrum bei 2500 cm-l. Das Acetat von 
VII wurde auf anderem Wege von Machell und Richards23 erhalten. Bei der Behand- 
lung von VII mit Raney-Nickel in siedendem Athanol wurde in fast quantitativer 
Ausbeute kristallines Methyl-6-desoxy-cl-D-glucopyranosid (V) erhalten. 

II setzt sich mit Benzylmerkaptan nach dreistilndiger u.v.-Bestrahlung in 
StickstoffatmosphZre quantitativ urn. Die Reaktion wurde diinnschicht- und gas- 
cbromatographisch verfolgt. Es entstehen in genau gleichen Mengen zwei Additions- 
produkte VIII und IX, die ohne Trenneffekt im Hochvakuum destilliert, aber sowohl 
diinnschicht- wie such gaschromatographisch unterschieden werden kiinnen. 
Eine prgparative Trennung sol1 mit Hilfe von Tritiummarkierung durch Papier- 
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chromatographie an Acetylcellulose noch erfolgen. Dal3 es sich bei VIII und IX urn 
3-S-Benzyl-I,z:5,6-di-O-isopropyliden-3-thio-a-D-glucofuranose bzw. 3-S-Ben@- 
r,2:~,6-di-O-isOpropyliden-3-to-a-D-galaktofuranose handelt, erkl&t sich folgender- 
maBen. Nach der Entschwefelung mit Raney-Nickel liefert das redestillierte sirupSse 
Isomerengemisch wiederum zwei Substanzen (X und XI), die im Vakuum als 01 
gemeinsam iiberdestillieren. Eine Trennung kann durch Dtinnschicht- oder Gas- 
chromatographieerfolgen.DieeinederbeidenSubstanzen,XI,istgaschromatographisch 
nicht von 3-Desoxy-I,2:5,6-di-O-isopropyliden-a-D-xylo-hexofuranose zu unterschei- 
den. Die Vergleichssubstanz wurde durch katalytische Hydrierungl” von II erhalten. 
Nach Animpfen des Isomerengemisches mit 3-Desoxy-1,2:5,6-di-O-isopropyliden- 
a-D-xylo-hexofuranose und Aufbewahren iiber Nacht bei o” enstand ein dicker 
Kristallbrei, der auf Tonscherben abgepreBt, eine kristalline Verbindung, XI, lieferte. 
Aufgrund von Mischschmelzpunkt und i.r.-Spektrum konnte sie als 3-Desoxy- 1,2:5,6- 
di-O-isopropyliden-a-D-xylo-hexofuranose identiliziert werden. 

/ 
RH I RH 

lx H3C CHJ 

Abb. 2 

In verschiedenen Arbeiten wurde gezeigt s2as4, dal3 die endo-Seite von II durch 
die I,a-U-Isopropylidengruppe sterisch stark gehindert ist. Der Angriff eines Thiyl- 
radikals in 3-Stellung ist demnach nur von der exo-Seite miiglich und das resultierende 
IntermedZirradikal nimmt IConfiguration Ha an. Eine bevorzugte Konfiguration zu 
IIa ist aufgrund des vorliegenden Furanoseringes nicht zu erwarten, im Gegensatz 
zum Pyranosering, d.h., die Aufenthaltswahrscheinlichkeit des ungepaarten Elektrons 

ist auf beiden Seiten des Furanoseringes gleich grol3. Das Wasserstoffatom kann also 
in ubereinstimmung mit den experimentellen Ergebnissen gleichberechtigt unter 
Bildung des D-Glucose- (VIII), bzw. des D-Galaktose-derivates (IX) eintreten. Am 
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Molektilmodell ist zu erkennen, daD die Benzylthiogruppe eine C&addition des 
Wasserstoffs nicht behindert (Abb. 2). 

Bei der Addition von Benzylmerkaptan an III besteht ein grundlegender 
Unterschied zu den gleichartigen Reaktionen von I und II in der stark herabgesetzten 
Reaktionsgeschwindigkeit. Nach 5 Stunden findet man einen nur etwa 5o%igen 
Umsatz. Verl%gerung der Reaktionszeit fiihrt zu Nebenprodukten und ein starker 
Geruch nach Schwefelwasserstoff 18l3t es nicht ratsam erscheinen, den Umsatz auf 
diesem Wege erhijhen zu wollen. Wahrscheinlich ist die unterschiedliche Reaktions- 
geschwindigkeit von I und II gegeniiber III dem Vorhandensein eines quartgren 
Kohlenstoffatoms in I und II (5- bzw. gPosition) zuzuschreiben. Dagegen ist in 
III das dem RingsauerstofI benachbarte Kohlenstoffatom (r-Position) tertiar. 

Die Trennung des Reaktionsgemisches erfolgte papier- und gaschromatogra- 
phisch. Im Gaschromatogramm erkennt man neben nicht umgesetztem III zwei Pro- 
dukte (XII, XIII) im Mengenverhaltnis I: I. Wegen der unterschiedlichen Lijslichkeit 
gelang es, XII und XIII in reiner, kristalliner Form zu erhalten. Daraus wurden die 
Acetate XIV und XV ebenfalls in kristalliner Fom-t hergestellt. Sowohl XII als such 
XIII ergeben nach Entschwefelung mit Raney-Nickel Dihydro-D-glucal (r&Anhydrc- 
a-desoxy-D-arabi,to-hexit), das in semen Eigenschaften (Gaschromatogramm, Schmelz- 
punkt, i.r.-Spektrum) mit dem aus D-GIUCal durch katalytische Hydrierunggewonnenen 
Dihydro-D-glucalrs identisch war. 

In der Umsetzung von Thiolen mit I-substituierten Cyclohexenen findet die 
AdditionvonBenzylmerkaptanan III eineParallele. Allerdings besteht ein Unterschied 

TABELLE I 

BILDUNG VON BENZYLTHIO&iHERN DURCH RADIKALADDITION VON BENZYLMERKAPTAN AN ENOLISCHE 

ZUCKERDERIVATE 

Et101 Additiomprodukte MengenczrJuiltnis 
der Reaktions- 
pPZdttkte” 

Methyl 6-Desoxy-a-D-_v_Vlo- 
hex-5-enopyranosid(1) 

3-Desoxy-r.z:5,6-di-O-iso- 
propyliden-a-D-er_&ro-hex-2-enose(II) 

D-Glucal (III)= 

Methyl 6-S-Benzyl-6-thio- 
a-D-glucopyranosid (iv) 

3-S-Benzyl-r&:5,6-di-O- 
isopropyliden-2-thio-a-o-galaktose (IX) I: I 

3-S-Benzyl-I,t:5,6-di-O-iso- 
propyliden-3-thio-a-D-glucose (vIII)n 

I,+Anhydro-a-S-benzyl-a- 
thio-D-mannit (XII) 

r,+Anhydro-z-S-bet&-z- 
thio-D-ghtcit (XIII) 

1:t 

aDie Mengenverhatnisse wurden durch quantitative Auswertung der Gaschromatogramme ermittelt. 
*Die Struktur koMte noch nicht eindeutig gekI&t werden. 
WI ist strenggenommen kein enohsches Zuckerderivat, sondern ein enolischer r,g-Anhydro-zucker- 
alkohol. 
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darin, dal3 in III drei Bquatoriale Substituenten (zwei Hydroxylgruppen, eine Hydroxy- 
methylgruppe) den ungesiittigten 6-Ring in der vorgegebenen Konformation fixieren 
(Abb. 3). Die beschriebenen Versuche sprechen gegen das Postulat von Goering 
et aLg. Danach sol1 der Angriff des Thiylradikals in axialer Stellung erfolgen. Je nach 
Lebensdauer des gebildeten Intermediarradikals findet eine Isomerisierung zur 
squatorialen Konformation statt. Daraus wird die Bevorzugung der Trans- gegeniiber 

“o&q_H ------_ ‘OqH RH “Oy& j. R. 

R H 
mc -- ?Zb XIII 

Abb. 3 

der C&addition geschlossen.Wahrscheinlicher ist, da13 bereits im Intermediarradikal 
(IIIa, IIIb) die axiale oder aquatoriale Stellung fixiert ist. Modellbetrachtungen zeigen, 
da0 ein AngrifYam z-Kohlenstoffatom von III sowohl von ,,oben“ als such von ,,unten“ 
miiglich ist, demnach axiale oder aquatoriale Stellung der eintretenden Thiylgruppe 
resultiert. Sterische Hinderung ist in keinem Fall zu erwarten, d.h., da13 das Gs- 

Trans-Verhaltnis bereits im ersten Reaktionsschritt bestimmt wird. Huyser et aLz5 

untersuchten die Reaktion von 4+Butylcyclohexen mit Methylmerkaptan und fanden, 
dal3 die Additionsprodukte mit axialer Thiylgruppe gegeniiber denen mit gquatorialer 
iiberwiegen. Mit Recht wird immer vorausgesetzt, da13 eine Zquatoriale Fixierung des 
t-Butylrestes als Ankergruppe in 4-Stellung vorliegt. Die Bevorzugung axialer gegen- 
iiber aquatorialen Thiylgruppen scheint den beschriebenen Umsetzungen von III zu 
widersprechen. Fiir das Produkt mit Bquatorialer Thiylgruppe wird jedoch von 
Huyser als erstes Intermediarradikal eine Verbindung mit ,,twisted boat“-Konforma- 
tion postuliert. Bei der Reaktion von III ist ein ahnlicher Verlauf kaum zu erwarten, 
da eine vergleichbare ,,twisted boat“-Konformation (111~) die 3- und 4- Hydroxyl- 
gruppen in energetisch ungiinstiger axialer Stellung verlangen wiirde. Vielmehr ist 
anzunehmen, dal3 sich das IntermediZrradikal, such wegen der IZngeren Lebensdauer, 
in die fiir IIIb angegebene Konformation einstellt. Die beschriebenen Ergebnisse 
sind demnach mit denen von Huyser nicht ohne weiteres vergleichbar. 
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Die Isomeren XII und XIII sind nicht nur gaschromatographisch eindeutig 
zu unterscheiden, sondem such nach ihren Schmelzpunkten, i.r.-Spektren und vor 
allem such durch ihre verschiedenen Drehwerte. Es liegt nahe, e&e stmkturelleZuord- 
nung mit Hilfe der opt&hen Drehung vorzunehmen. Entsprechend den gleichsinnigen 
Drehwerten gegenilber I,+Anhydro-D-ghrcit (XVII, positiv) und r,+Anhydro-D- 
mannit (XVI, negativ)26, k6nnten XII und XIII als r,+4nhydro-z-S-benzyl-a-thio-D- 
glucit bzw. I,+Anhydro-2-S-benzyl-zyl-2-thio-D-mannit aufgefabt werden; das hiehe, 
XII (positiver Drehwert) besitzt D-Gluco-, XIII (negativer Drehwert) ~-Mann& 
Konfiguration. Eine derartige Zuordnung istjedoch nicht iiberzeugend, da die Acetate 
von XII wie such von XIII (XIV bzw. XV) positiv, die Acetate von XVI und XVII 
dagegen im gleichen Sinn wie die nicht acetylierten Produkte drehenss. Daneben 
sprechen such die llngere Retentionszeit im Gaschromatogramm und der tiefere 
Schmelzpunkt von XIII gegeniiber XII nicht fiir eine Entscheidung aufgrund der 
opt&hen Drehung. Erfahrungsgem#3 ware zu erwarten, da13 das kompaktere Molekiil, 
das mit einer axialen Benzylthiogruppe, eine kiirzere Retentionszeit und einen hZiheren 
Schmelzpunkt hat. In der Tat konnte inzwischen durch Kernresonanz-Untersuchungen 
bewiesen werden, daD XIII trotz des negativen Drehwertes die r,5-Anhydro-D-glucit- 
Kotiguration und XII die Kotiguration des r,+Anhydro-D-mannits besitztsr. 

Der seltene Fall, dab ein r,S-Anhydrohexit-, r,5-Anhydropentit- oder such 
ein Hexopyranosid-Derivat ohne VerCrderung der Konfiguration durch Acetylierung 
in Pyridin bei Zimmertemperatur einen’ entgegengesetzten Drehwert annimmt, ist 
experimentell zuverfolgen. XIIIwird in einer Kiivette acetyliert. Wie Abbildungq zeigt, 
tidet momentan eine Drehwert&dernng in positiver Richtung statt, die nach 
8oMinuten eiuen konstanten Endwert erreicht. Ausdem Reaktionsgemisch kannXVin 
fast quantitativer Ausbeute isoliert werden. Nimmt man umgekehrt das so gewonnene 
XV in absolutem Methanol auf und verfolgt nach Zusatz einer katalytischen Menge 

10 20 30 40 50 60 70 60 SO 100 110 120 
- t (min) 

Abb. 4. AbhSnggkeit des spezifischen Drehwertes von der Zeit bei der Acetyliercng von XIII in 
Pyridi?-Acetanhydrid (2:1) (bezogen auf nicht acetyliertes Produkt). 
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Natriummethylat den Drehwert in Abhgngigkeit von der Zeit, so sinkt die anfangs 
positive Drehung rasch ab und erreicht bereits nach 8 Minuten den Endwert (Abb. 5). 
Aus der L6sung kann XIII mit guter Ausbeute in reiner lcristalliner Form zuriicki 
gewonnen werden. 

-t(minl 

O- 
2 

’ -\ ’ 

I 
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Abb. 5. AbhZngigkeit des speziiischen Drehwertw van der Zeit bei der Entacetylierung van XV in 
absoIutem Methanol mit einer kataIytischen Menge Natriummethylat (bezogen auf nicht acetyliertes 
Produkt). 

Das Ph2nomen der Drehsinnumkehrung kann also nicht auf Konfigurations- 
Bnderung beruhen, sondern ist wahrscheinlich einer Konformationsanderung in XV 
zuzuschreiben, die auf einer gewissen sterischen Hinderung der Benzylthiogruppe 
(aquatorial) durch die eintretende Acetylgruppe (2quatorial) in 3-Stellung beruhen 
kiinnte. 

In diesem besonderen Fall erlaubt also die Messung der Drehwerte eine bequeme 
Kontrolle des Reaktionsablaufes. Im allgemeirien werden bei Acetylierungen und 
Entacetylierungen von Zuckerderivaten die ReaktionslSsungen selbst bei homogenen 
Gemischen mehrere Stunden, manchmal sogar Tage, aufbewahrt, urn eine voll- 
stgndige Umsetzung zu erreichen. Wie schon h&fig gegul3er-t wurde, konnte such hier 
wieder deutlich gezeigt werden, daD kiirzere Reaktionszeiten ausreichend sind. Das 
bedeutet neben dem Zeitgewinn bei manchen instabilen Verbindungen Schonung der 
Substanz und damit bessere Ausbeuten. 

EXPERIMEN’IELLER TEIL 

Allgemeine Methoden 
Papierchromatographie. Papierchromatogramme wurden absteigend auf What- 
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man Nr. I -Chromatographiepapier in r-Butanol-Pyridin-Wasser (6:4:3, v/v/v) 
angefertigt. Die Methode diente zur Untersuchung des zeitlichen Verlaufs der 
Additionsreaktionen von I und III mit Benzylmerkaptan, da sich die Enole von den 
Additionsprodukten sehr gut trennen lassen. Die Differenz der R,-Werte betrEgt 
in beiden FHllen etwa 0.2. Jedoch sollen individuelle R,-Werte wegen ihrer relativ 
schlechten Reproduzierbarkeit nicht angegeben werden. Der stark lipophile Charakter 
der Benzylthioilther IV, XII, und XIII schliel3t eine ausreichende Trennbarkeit der 
Additionsprodukte nach der hier angefiihrten Methode sowieso aus. Als Entwicklungs- 
reagenz wurde Natriumperjodat-Fuchsinschweflige Sgure verwendets*_ 

Gaschromatograpltie. Gaschromatographische Trennungen wurden wie schon 
an anderer Stelle beschrieben ausgefiihrtz2. 

Bestrahlung der Reaktionsgenzische. Die Proben wurden in Reagenzglgsern 
aus klarem Quarzglas bestrahlt. Als Lichtquelle diente eine wassergekiihlte Queck- 
silberhochdrucklampe. Die Reagenzglgser wurden nahe an der Lichtquelle befestigt 
und von aul3en mit Aluminiumfolie abgeschirmt, urn eine miig!ichst hohe Lichtaus- 
beute zu erzielen. 

Entschw~felung rnit Raney-Nickel. .%imtliche Reaktionen wurden mit der 
zehnfachen Gewichtsmenge Raney-Nickel in der 4o-fachen Volumenmenge Alkohol, 

bezogen auf eingesetzte Schwefelverbindung, durchgefiihrt. Die Suspension lie13 man 
in allen Fallen 5 Stunden am Riickflub kochen. 

Methyi 6-S-Bemy!-6-thio-a-D-glucopyranosi (IV) 

Methyl 6-Desoxy-a-o-_yylo-hex-5-enopyranosid (I) (3 g) wird in Athanol(r5 ml) 
gel&t und mit frisch destilliertem Benzylmerkaptan (6 ml) versetzt. Die klare Liisung 
wird zwei Stunden in Quarzglasern, die mit Korkstopfen verschlossen sind, bestrahlt. 
Die Gl%er sollten fast vollst%ndig gefiillt sein. Vor der Bestrahlung wird kurze Zeit 

S$ckstoff durchgeleitet. Urn eine msglichst gleichm&sige Belichtung des Reaktions- 

gemisches zu erreichen, schiittelt man die Proben von Zeit zu Zeit urn. In einem 
.Parallelversuch mit kleineren Mengen wird der Reaktionsverlauf papierchromato- 
graphisch verfolgt. Nach 1.5-2 Stunden ist I nicht mehr nachzuweisen. Dafiir tritt in 
gleichem MaDe wie I verschwindetein neuer Fleck mit gt%ererWanderungsgeschwin- 
digkeit auf. Die Reaktionsmischung wird in einer offenen Schale in einem kraftigen 
Ahzug aufgestellt und das Liisungsmittel und iiberschiissiges Benzylmerkaptan mit 
einem Stickstoffstrom verjagt. Es bildet sich bald eine feste Masse. Durch geiegent- 
lic!hes Umriihren wird die Entfernung des Benzylmerkaptans erleichtert. Dieser 
ProzeB dauert etwa 15 Stunden. Dem wachsartigen Riickstand haftet noch starker 
Thiolgeruch an. Kristallisationsversuche in verschiedenen Lijsungsmitteln schlugen 
fehl. Durch Verreiben mit einer geringen Menge Ather-Petrolzither (60-7o”), I:I, 
v/3, und scharfes Absaugen der Suspension erhalt man IV als weil3es amorphes 
Pulver, das ohne weitere Reinigung acetyliert wird. 

Met~~~vl~,~,~-Tri-O-acetyl-6-S-be~~zyl-6-?ltio-a-~-glucopyranosi~~ ( VZ) 

Die gesamte im zuvor beschriebenen Versuch gewonnene Substanz (IV) wird 
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in trockenem Pyridin (30 mi) geliist und mit Acetanhydrid (25 ml) versetzt. Man 
IZBt das Reaktionsgemisch iiber Nacht stehen und gieDt dann unter Riihren in Eis- 
wasser. Das ausgefallene ijl kristallisiert nach 3-4 Stunden. Umkristallisation kann 
aus iithanol oder &her-Petrol%ther (60-70”) erfolgen. Ausbeute: 6.5 g = 87% 
d.Th., bezogen auf eingesetztes I; Fp 105~; [c&& + 135” (c 1.5, Chloroform). (Gef.: 
C, 56.02; H, 6.25; S, 7.38. C20H2608S Ber.: C, 56.32; H, 6.15; S, 7.52x)_ 

Methyl 6-Desoxy-a-D-glucopyranosid ( V) aus IV 

IV (2 g) werden mit Raney-Nickel wie im Abschnitt ,,AlIgemeine Methoden“ 
beschrieben behandelt. Nach Filtration und Einengen der alkoholischen Lijsung im 

Vakuum erstarrt der Riickstand kristallin. Er wird aus Essigester umkristallisiert. 
Fp 98” (Lit-so, 98-99”); [ a 578~ +- I 59 (c I, Wasser). Das i.r.-Spektrum von V sowie ] 22 
der Schmelzpunkt und die optische Drehung waren mit einer aus Methyl-6-desoxy-6- 
jod-a-D-glucopyranosid29 durch Behandlung mit Raney-Nickel gewonnenen Probe 
identisch. Der Mischschmelzpunkt zeigte keine Depression. Auch die Konstanten 

fiir acetyliertes V stimmen mit den Literaturwerten30 iiberein: Fp 79, [cc]“; + 15g.z”. 

3-S-Be?l~yf-r,2:5,6-di-O-isopropyl3-ihio-a-D-galaktose (IX) und 3-S-Bemy&1,2:5,6- 

di-0-isopropyliden-3-thio-a-mghlcose (VZZZ). 

II (I -4 g) wird in frisch destilliertem Benzylmerkaptan (3 ml) gelast und in einem 
offenen Quarzreagenzglas belichtet. WBhrend der Reaktion wird Stickstoff mit einer 
Geschwindigkeit von 20-40 Blasen pro Minute aus einem spitz zulaufenden Glasrohr 
durchgeleitet. Man erreicht dadurch eine stgndige Durchmischung. Nach 3 Stunden 
hatsichII,wiediinnschichtchromatographischfestgestellt wurde, quantitativ umgesetzt. 
f_&erschiissiges Benzylmerkaptan wird im Hochvakuum unter Zwischenschaltung 
einer mit fliissigem Stickstoff gekiihlten Kiihlfalle bei 60-70~ abdestilliert. Der 6lige, 
schwach gelb gefgrbte Riickstand (2.1 g) besteht nach gaschromatographischer 
Analyse zu etwa go% aus zwei Substanzen mit wenig unterschiedlichen Retentions- 
zeiten im genau gleichen Mengenverhgltnis. Die Mischung wird im Klebevakuum 
destilliert. Der etwas triibe Vorlauf (9o-150“) wird verworfen. Die Hauptfraktion geht 
als viskoses gelbliches 01 bei 160-162~ iiber (I .3 g). Im Gaschromatogramm dieses 
Produktes erscheinen nur noch die beiden bereits erwghnten Komponenten (VIII und 
IX), wobei die Komponente mit kleinerer Retentionszeit (IX) in etwas geringerer 
Menge als im Rohprodukt vorliegt. Es ist anzunehmen, da13 ein Teil mit dem Vorlauf 
iiberdestilliert ist. Aufgrund des Gaschromatogramms kann geschlossen werden, 
daI3 das kompaktere Molekiil IX die GaIaktokonfiguration hat. (Gef.: C, 62.10; 

H, 7.07; S, g.33_ ClgH26OsS Ber: C, 62.27; H, 7-15; S, 8.75x)- 

3-Desoxy-r~:5,6-di-O-isopropyliden-r-D-xylo-hexose (XZ) 

Die destillierte Mischung von VIlI und IX (I g) wird mit Raney-Nickel wie im 
Abschnitt ,,Allgemeine Methoden“ behandelt. Nach Filtration und Eindampfen 
im Vakuum wird der farblose Riickstand bei 0.2 Torr destilliert. Zwischen go und 
105~ gehen 0.5 g eines klaren farblosen 01s iiber, das nach dem Gaschromatogramm 
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zu etwa 95% aus zwei Hauptkomponenten besteht. Die Komponente mit der kiirzeren 
Retentionszeit ist gaschromatographisch von authentischer 3-Desoxy-r,2:5,6-di-0- 
is;opropyliden-a-D-xylo-hexose nicht zu unterscheiden. Nach Animpfen des 01s mit 
3-Desoxy-r,2:5,6-Di-O-isopropyliden-a-D-xylo-hexose kristallisiert iiber Nacht bei 
o” ein Teil ads. Der Kristallbrei wird auf Tonscherben abgeprel3t. Die hinterbleibenden 
feinen Nadeln (XI, 0.1 g) kristallisiert man aus PetrolZther (60-70”) urn. Nach dem 
daschromatogrammistdieSubsta~reinundmit3-Desoxy-r,2:5,6-Di-O-isopropyliden- 
a-b-xylo-hexose identisch. Fp 79-80” bit., 81” (ref. 14), 81.5” (ref. 1311. Der Misch- 
SC 

P 
melzpunkt mit authentischem XI zeigt keine Depression. Auch die i.r.-Spektren 

sind identisch. 

I 
Die Identilizierung der zweiten Komponente (X) steht noch bevor. 

I, -Anhydro-2-S-benzyi-2-thio-D-mannit 

gi 

I 

(XII) und r,5-Anhydro-2-S-benzyl-2-thio-D- 
tit (XIII) 

Sirupijses r+Glucal (III, 5 g) werden in Iithanol (15 ml) gel&t, mit frisch 
destilliertem Benzylmerkaptan (7 ml) vermischt und wie fiir I beschrieben bestrahlt. 
D 

e 
r Reaktionsverlauf wird papierchromatographisch verfolgt. Nach 4 Stunden tritt 

Geruch nach Schwefelwasserstoff auf, der sich laufend versttirkt, sodaD die Reaktion, 
o 

q 
wohl ein grol3er Teil des D-Glucals noch nicht umgesetzt ist, nach 5 Stunden 

ab 
lg 

ebrochen wird. Liisungsmittel und Benzylmerkaptan werden wie bei der Umsetzung 
vop I beschrieben entfernt. Der gewonnene Kristallbrei wird mit wenig trockenem 
Adher verrieben und dieser vom UngelSsten abgegossen. Diesen ProzeB wiederholt 
rnin 2-3 mal. Die gaschromatographische Analyse zeigt neben nicht umgesetztem 
III 

t 
(50%) zwei Komponenten (XII und XIII) in gleichen Mengen. Nach Zugabe von 

W sser nil dem Riickstand erhglt man eine Kristallsuspension, die nach zweistiindigem 
Stkhen im Eisschrank scharf abgesaugt wird. Das kristalline Produkt (XII) wird 
zwkimal aus Athanol umkristallisiert und ist dann gaschromatographisch einheitlich. 
Adsbeute: 1-7 g = 19_5% d.Th.; Fp 167-168”; [&,&, t30.5” (c 0.5, Methanol). 
(G 

t 

f.: C, 57.69; H, 6.78; S, 12.16. C13H1sO& Ber.: C, 57.76; H, 6.71; S, 11.86%). 
Die vereinigten Mutterlaugen CwZssrige und alkoholische) werden mit Wasser 

aui: IOO ml aufgefiillt und kontinuierlich 48 Stunden mit warmem Chloroform (200 ml) 
exdrahiert. Die ChloroformlSsung wird mit gegliihtem Natriumsulfat getrocknet und 
im ‘Vakuum eingedampft. Der Riickstand ist kristallin. Durch Umkristallisieren aus 
A&on-lither erhglt man die Substanz (XIII) gaschromatographisch einheitlich. 
Au$beute: 1.2 g = 13% d.Th.; Fp 151-151.5~; [OL]$O -12.8’ (c I, Methanol). (Gef.: 
C, 17.80; H, 6.80; S, 11.72. Cl3HlSo4S Ber.: C, 57.76; H, 6.71; S, 11.86%). 

I 3,4,~-Tri-O-acetyl-r,~-an~zydro-2-S-benzyI-2-thio-D-~nannii (XIV) 

6 S unden stehen und giel3t dann unter Rilhren in Eiswasser. Das ausgefallene dl 
kris allisiert nach Anreiben mit einem Glasstab. Die trocken gesaugte kristalline 
Ma se wird aus Petrolsther (60-70”) umkristallisiert. Ausbeute: 1.2 g = 82% d.Th.; 
Fp 
Clg 

i 

XII (I g) l%t man in trockenem Pyridin (IO ml) mit Acetanhydrid (5 ml) 

104-105~; [ ] a && f28” (c 0.5, Chloroform). (Gef.: C, 57.67; H, 6.29; S, 8.31. 
: 2407s Ber.: C, 57.55; H, 6.10; S, 8.0g”A). 

CorbbhyaPate Rex, 2 (1966) 486-499 
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3,4,~Tri-O-acetyZ-r,5_anhydro-2-S-benzyl (XV) 

XIII (I g) wird wie im vorhergehenden Versuch beschrieben acetyliert und 
aufgearbeitet. Das erhaltene Produkt kristallisiert man aus Petrolather urn. Ausbeute 
1.3 g = 89% d.Th.; Fp 79-80”; [ ] a s$& f14_5” Cc 1.5, Chloroform); [o~]s& +34” 
(c 1.2, Methanol). (Gef.: C, 57-56; H, 6-35; S, 7.88. ClgH2407S Ber.: C, 57-55; H, 6.10; 
S, 8.09%). 

Dihydro-D-glucal aus XII und XIII 

XII und XIII wurden getrennt mit Raney-Nickel behandelt und das Reaktions- 
produkt nach Aufarbeitung und Destillation im Hochvakuum jeweils als klares 
farbloses Harz erhalten. Nach Animpfen mit authentischem kristallinen Dihydro-D- 
glucal, das durch katalytische Hydrierung aus D-Glucal gewonnen wurde15, erstarrten 
beide Proben nach einigen Tagen kristallin. Beide durch Entschwefelung erhaltenen 
Proben waren auger einer geringen Verunreinigung (etwa 5%) mit niedrigerer Reten- 
tionszeit gaschromatographisch identisch mit authentischem Dihydro-D-glucal. Nach 
Umkristajlisieren aus absolutem iithanol-Petroliither stimmten die Schmelzpunkte 
der Przparate iiberein; Fp 84-86” (Lit. 15, 86-87O). Der Mischschmelzpunkt zeigte keine 
Depression. Die ix.-Spektren waren untereinander identisch. 

Geschwindigkeit der Acetylierrmg von XIII ztnd der Entacetylierung von XV 

XIII (15.8 mg) werden in einer I dm-Kiivette in Pyridin (2 ml) gel&t, mit 
Acetanhydrid (I ml) vermischt und sofort krsftig umgeschiittelt. Die Zeit wird vom 
Moment des Umschiittelns an gemessen. Die erste Messung des Drehwertes erfolgte 
nach 2 Minuten. Urn vergleichbare Werte zu erhalten, wird die spezifische Drehung 
aufgrund von eingesetztem XIII berechnet. Nach z Minuten betrggt [c~]sf& + I 1.4~. 
Die Drehung zur Zeit 0 liegt nach dem Kurvenverlauf (Abb. 4) bei negativen Werten. 
Der Endwert ist mit [c&t&, +63.5’ nach 80 Minuten erreicht. Die Aufarbeitung 
der Liisung ergibt 20 mg XV = 87% d.Th. Der Mischschmelzpunkt mit authentischem 
XV zeigt keine Depression. In Methanol gemessen ergibt sich wieder die bereits 
gefundene spezifische Drehung fiir XV mit [cc]$& f34”. 

XV (63.8 mg) werden in absolutem Methanol (5 ml) gel&t und davon 3 ml in 
einer I dm-Kiivette bei 578 m,u gemessen. Bezogen auf die entsprechende Menge 
entacetylierter Substanz XIII (45 mg) ergibt sich ein spezifischer Drehwert von [=],&, 
+48.5”. Dieser Wert wird fiir die Zeit 0 eingesetzt. In die Kiivette pipettiert man 
dann 0.025 ml einer 1.5~ Natriummethylatlasung und beginnt sofort mit der Messung 
der Drehwerte. Die durch Zugabe der MethylatlGsun, (J entstandene Konzentrations- 
gnderung ist zu vernachl&sigen. Der Anfangswert sinkt rasch ab tind ist bereits 
nach g Minuten annshernd konstant ([a]s;&, -12.27. Nach 16 Minuten wird der 
Endwert mit [c&,& -12.7’ abgelesen, der dem einer reinen Probe XIII sehr gut 
entspricht ([c&i& -12.8”). Die eingedampfte Lijsung ergibt nach dem Umkristalli- 
sieren des Riickstandes aus Aceton-&her 30 m g reines XIII = 67% d.Th. Der 
Mischschmelzpunkt mit einer authentischen Probe zeigt keine Depression. 
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ZUSAMM i FASSUNG 

D e radikalische Addition von Benzylmerkaptan an enolische Zuckerderivate 
L 

wird be chrieben. Die Stereoselektivit5t dieser Reaktion wird an Hand der Umsetzung 
I 

i 

von M thyE6-Desoxy-a-D-xylo-hex-5;enopyranosid, 3-Desoxy- I ,2:5,6-di- O-isopro- 
pyliden-br-D-eryrhro-hex-3-enose, und D-GlUCal untersucht und mit entsprechenden 
Additioien von Thiolen an cyclische Alkene vergiichen. 

D-e Geschwindigkeit der AcetyIierung und Entacetylierung in homogener 
LSsung wurde durch Messung der Drehwertssnderungen von I,+Anhydro-2-S- i 
benzyl-&thio-D-glucit bzw. dessen Tri-0-acetylderivat als geeigneten Untersuchungs- 
objekte verfoigt. 

SUMMAR 

Th,e free-radical addition of toluene-a-thiol to enolic sugar derivatives is des- ; 

cribed. 1 he stereoselectivity of this reaction was investigated by studying the addition 
tomethy. 6-deoxy-ac-D-xyZo-hex-5-enopyranoside,3-deoxy-r,2:5,6-di-O-isopropylidene- 
cc-D-erytl.lro-hex-3-enose, and D-glucal, and by comparison with analogous additions 
of thiols to cyclic alkenes. 

Th velocity of acetylation anddeacetylation of sugar derivativesin homogeneous 
solutions was measured by means of changes in optical rotation_ r,pAnhydro-2-S- 
benzyl-2- hio-D-glucitol and its triacetate were studied in this manner. 
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Notes 

Reaktionen enoiischer Zuckerderivate 

Teil III. StrukturaufkGrung der Additionsprodukte 
von Benzylmerkaptan an D-Glucal 

Bei der radikalischen Addition von Benzylmerkaptan an D-Glucal in tithanol- 
ischer Losung unter Stickstoff und Bestrahlung mit ultraviolettern Licht entstehenl 
zwei kristalline Substanzen (I und II) im Verhaltnis I: I “. Der Angriff des Thiylradikals 
in z-Stellung des o-Glucals wurde durch Entschwefelun,o mit Raney-Nickel unter 
Bildung von Dihydro-D-glucal sowohl aus I als such aus II bewiesen, sowie durch 

die Resistenz beider Verbindungen gegeniiber Quecksilberchlorid in siedendem Metha- 
noll. 

Es liegt nahe, I (or+) und II (a-_) strukturell mit Polygalit (i,5-Anhydro-o- 
glucit) bzw. Styracit (1,5-Anhydro-o-mannit) zu vergleichens. Die Messung der 
optischen Drehung der Reaktionsprodukte I ([c&&s f30.9, c 0.5, Methanol) und 
II ([a]& -12.S0, c I, Methanol) wiirde somit schon eine strukturelle Zuordnung 
miiglich erscheinen lassen. Das hieBe, dal3 I, mit positiver Drehung, die Konfiguration 
von r&Anhydro-D-glucit, II, mit negativer Drehung die von r,5-Anhydro-D-mannit 
h&te. Die lange Zeit umstrittene strukturelle Zuordnung der Naturprodukte Styracit 
und Polygalit fiihrte zu widersprechenden Ergebnissen, unter anderem aufgrund der 
optischen Drehung. Die endgiiltige Struktur der Acetate von I und II (la und IIa) 
konnte jetzt mit Hilfe der Protonenspektroskopie aufgekhirt werden. ._ 

Carbohydrate Res., 2 ( I 966) agg-so I 
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TABEL+ I TABELLE II 
T-WERTE IN P_P_lll_ VON Ia UND IIa GEGEN l-MS 

ALS INNE+R STANDARD 

KOPPLUNGSKONSTAN-IEN VON Ia UND IIa IN 

HZ 

Protonen la IIa 

ra 
re 
2a 
2e 
3a 
4a 
sa 
6 

CHD- 6.25 
Phenyl- 2.80 
csco- ~8.00 

6.32 
6.08 

6.80 
4.97 
4-77 

-6.50 

5.85 

6.78 
6.15 

-7-25 

-5.20 

-5.05 

-6.55 
5.88 
6.55 
6.36 
2.80 

~8.00 

_NOTES 

Jiaae 
Jla.za 
Jla-St? 
J&d3 
J1e-2.3 

J2a.3a 
JZlZ.98 
JSa& 
JBa-5a 
JSa.6 
Jime 

I2 II.5 

11-5 
3 

4 
3 

8-9 
4 
9 8-9 

8-s-9 8-9 
5 
2 

die Analyse des PR-Spektrnms von Ia zeigt, steht das Proton an C-2 

der ThiobenzyIrest also axial. Fiir diese Position sprechen eindeutig die 

weit griiBere, cu. 7-10 Hz groDe Kopplungskonstante (&,& auftreten. 
bei IIa der Fall. Die Kopplungskonstanten .ii8,z8 = I 1.5 Hz und Jie,ze 
eindeutig die axiale SteUung des Protons an C-2, das heif3t der Thio- 

und Kopplungskonstanten der iibrigen Protonen in Ia und IIa sind 
und II sowie den Ausschnitten der PR-Spektren (Abb. I und Abb. 2) 
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Ec in CDCi, 
+25- c 

AC = COCH3 

4 5 6 7 

Abb. 2 Ausschnitt des PR-Spektrums von IIa, aufgenommen tit einem Varian-Spektrometet 
HA-100 hei IOO MHz. 

Merkwiirdig ist, da0 das Triacetat von II flIa) im Gegensatz zur Ausgangs- 
substanz einen positiven Drehsinn aufweistl. Das Phgnomen der Drehsinnumkehrung 
unter gleichen MeBbedingungen durch Acetylierung wurde bei Pyranosiden oder 
r,5-Anhydro-zuckeralkoholen, soweit uns bekannt ist, bisher nicht beobachtet. 
Eine ErklZirung 15iDt sich durch Vergleich der PR-Spektren von II und IIa CII in 
DimethyIsulfoxid, Trifluoressig&ure, und, Deuterochloroform gemessen) nicht geben, 
da die Spektren von II fiir eine einwandfreie Deutung zu komplex sind. 
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Enzy ic assay of the avertige length of the unit-chain of arnylopectin 

C 

! 

rrently, the estimation of the average length of unit-chain of amylopectin 
sample, is most often carried out by periodate oxidationl. This method has dis- 
adavan ages. 

4 
In particular, it is difficult to apply adequate corrections for over- 

oxidati 
pertine 9 

n and for contaminating, amylose-like material. These problems are very 
t in the study of amylomaize starch and its sub-fractions”. 

R)ecently, Whelan et al. 3~ have described an enzymic method of chain-length 
assay. The glucan is degraded by the concurrent action of p-amylase and the de- 
branchi 

c 
g enzyme pullulanase. Pullulanase has been shown to specifically remove the 

a-(~ + )-linkages in amylopectins, 
1 

and hence the whole polysaccharide molecule is 
rendere 1 susceptible to the action of /?-amylase. At high concentrations, the ,8-amylase 
will con 
(2) chai 

i; 

ert (I) chains having an even number of D-glucose residues into maltose, and 
s having an odd number of units into maltose and one D-glucose molecule 

(arising rom the maltotriose) which can be specifically estimated by glucose oxidases. 
The ave 

F 
age length of the unit-chain of the amylopectin is then calculated on the 

assumpt 1 on that the polysaccharide has a random distribution (i.e., equal numbers) of 
odd Iengths of chain. 

rough the courtesy of Professor Whelan, we have been able to make further 
he application of this technique to amylopectin. 

variety of amylopectin samples, the results obtained for 
to those from periodate oxidation5. It can be seen 

except for the amylopectin samples having high iodine- 
the enzymic assay may tend to give lower, average chain-lengths. 

to estimate long chain-lengths, as shown by the 
r the amylose-type samples [amylomaize 5 and 6) in Table I. 

experience with the enzymic assay suggests that it gives much more repro- 
than periodate oxidation. Its inherent specificity is an added ad- 

We have found that the production of D-glucose reaches a constant value 
of the incubation time, and (2) unchanged on the further 

f enzyme mixture. We now intend to use this method routinely. 

EXPERIM AL 

‘r’ Th 
i 

following enzymes were used: pullulanase (by courtesy of Professor 

te Res., 2 (1966) 502~503 



TABLE I 

COMPARISONOFAVERAGE CHAIN-LENGTHOFAMYLOPECT~NSAMPLESBYENZYM~CAND PERIODATEASSAY 

Iodine Chain teagth 
afinity Enzymic Periodare 

Sample@ Iodine Chain length 

aT%dtY Enzymic Periodate 

Barley 0.60 
Maize 0.10 
Oats 0.50 
Potato 0.02 
Waxy maize 0.04 
Wheat 0.50 

20 20 Amylgmaize I 2.30 34 38 
24 27 Amylomaize 2 4.20 45 37 
19 18 Amylomaize 3 0.12 27 n.d.C 
22 26 Amylomaize 4 0.19 27 28 
17 23 Amylomaize 5 20.8 240 n.d. 
21 20 Amylomaize 6 20.2 250 n-d. 

- 
uAmylopectin prepared from laboratory-extracted starches by removal of the thymol-amylose corn- 
plex from aqueous dispersions. 
OFractions of amylomaize starches’. 
Cn.d. = not determined_ 

Whelan); crystalline &amylase (Worthington Biochemical Corporation); glucose 
oxidase (Boehringer Corporation); horseradish peroxidase (Boehringer Corporation). 

The digest conditions were those discussed by WheIan ef a/.5, except that the 
amylomaize samples were dispersed in dimethyl sulphoxide”. Assay of D-gluccse 

was carried out as described by Fleming and Pegler6. 
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