
HYDROGENOLYSIS OF CARBOHYDRATES 
IX. FORMATION OF 2,6-ANHYDRO-@-D-FRUCTOFURANOSE AND ETHYL a- AND 

@-D-FRUCTOFURANOSIDE FROM SUCROSEL 

ABSTRACT 
'4 compound formed during the hydrogenolysis of sucrose in ethanol or diosane a t  180' C, 

in the presence of copper chrolllii~rn oxide catalyst, has bee11 characterized as 2,G-anhydro- 
f l -D- f r t i~ t~ fu ra I I~~e  (2,5-anhydro-0-D-fructopyranose), a new type of anhydro-ketose. Ethyl 
a-  and fl-D-fructofi~ranosides are also produced when the hydrogenolysis reaction is carried 
out in ethanol, and various derivatives of these anomeric ketosides ha\-e been prepared. 

Earlier papers of this series have described the hydrogenolysis of allcyl gl~~copyranosides 
in the presence of copper chromium oxide catalyst ( I )  a t  moderate temperature and 
pressure (2, 3 ,  4, 5, 6). X major effect observed in these reactions is the isoinerizatio~l of 
carbinol groups but,  particularly a t  temperatures above 180-200" C, gljrcosidic linlcages 
also become unstable and extensive hydrogenol~~sis of h:.drox?.l groups occurs. h~1ethyl 
0-L-al-abopyranoside, for example, is isonlerized to a mixture of methyl pentopyranosides 
a t  180" C ( A ) ,  whereas a t  240° C it is converted i l l  high yield to a mixture of 1,5-anhydro-2- 
deos~r-DL-pentitols (2, 3 ) .  In current studies the behavior of furanose glj-cosides towards 
these col~ditions of 1~yclrogenolysis is being examined, ant1 sucrose has been selected as a 
readily available substrate containing a furanos~~l  moietv. 

In ethanol a t  180° C,* sucrose readil} afforclecl three clerivatives of D-fructose, each in 
about 10% yield (based on the fructose ~ l n i t  of sucrose). Detected initially on paper 
cl~romatograms as  compounds having high RF values (relative to that of sucrose) and 
giving A t\-pica1 lietohesose test with urea oxalate ( 7 ) ,  these products have been isolated 
by column cl~romatograpl~y on charcoal (8) and cell~~lose (9) and characterized as 
2,G-anh~ dro-,B-D-lructofuranose (I) (2,s-anhydro-a-D-fructopyranose), and ethyl a- and 
0-D-fructofuranoside (111 m c l  11). 

'iWa?zz~scripl received Jzily 4 ,  1960. 
Contribz~tion from the Nalional Research Cozincil of Canada, Prairie Regional Laboratory, Saskatoon, 

Saskatchewan. Presented i n  part to the Organic Clsen~istr~ Division, Chensical I?sstit~ite of Canada, 43rd Annual 
Co?zfere?sce, Ottawa, Jzine 13-15, 1960. 

Isszied as 1V.R.C. iVo. 5974. 
2National Researcl~ Cozincil of Canada Postdoctorate Fellow, 1.958-1960. 
* B y  a?salogy with the behavior of ?netlryl a - D - g l z i C ~ p y m ? ~ ~ ~ i d e  ( 3 ) ,  tlse a-D-glzicopyra?~osyl: zinit of szicrose was 

expected to be stable at 180' C. 

Can. J. Chem. Val. 38 (ISGO) 

C
an

. J
. C

he
m

. D
ow

nl
oa

de
d 

fr
om

 w
w

w
.n

rc
re

se
ar

ch
pr

es
s.

co
m

 b
y 

16
2.

22
0.

12
1.

47
 o

n 
11

/1
7/

14
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.
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The anh\rclride, m.p. 118-119° C ,  was found by the isothermal distillation method (10) 
to  be nlonomeric. I t  did not reduce hot Fellling's solution nor react with sodium boro- 
hydride and, since it was recovered unchanged after prolonged t reat~nent  with methanolic 
ammonia, did not appear to  col~tain an epoxy group. At room temperature, it \vas easily 
hydrolyzed by 0.1 iV sulphuric acid afforcling D-fructose as the sole procluct. Trit)rlation 
of the a n h ~ d r i d e  in pyridine proceedecl very slowl>- a t  room t e l i i ~ ~ e r a t ~ ~ r e ,  ancl two 
crl-stalline clerivatives were isolated in low j-ield, one being a monotrityl and the other a 
ditrityl ether. The  compo~~ncl IVLLS resistant also to  tosylation but ,  011 prolongecl treatment 
with tosyl chloride in pyricline, yieldecl a syrupy diester which, however, dicl not react 
with sodium iodide. These plopel-ties suggcsted that onl). the relativelj- ~lnreactive 
C-1-carbinol group and/or seconclary hyclroxyl groups of the anh!-clride were being 
substitutecl, and hence tha t  the nornially leactive 6-position was involved in ring 
formation. 

Attempts to meth>-late the anh\.clricIe fully with climethyl sulp11,~te - sodiul~i li~.clroxide 
or with ~nethyl  ioclicle -silver oxide were unsuccessful, but several treatments \\.it11 
potassium in liquicl ammonia (11) follonred with methyl ioclicle ~intler reflus, jielcled a 
syrupy trimethyl clerivative. On acid hyclrolysis this ether afforclecl cr>.stalline I ,Y,-1-tri-0- 
~lleth>,l-D-fructose (12), shelving that both the 3- and 6-h>.clroxyl groups ot the anh~-dride 
are involvecl in ring forlilation, ancl hence that the anhl-clricle is 2,(i-a11hj'~]ro-D- 
fructof~~ranose (2,s-anhydro-~-fructopyranose) . 

Since the specific rotation of the anhydride, [ f f ] D  -lo$', is rnore strongly levorotatorj- 
than D - ~ ~ U C ~ O S ~  itself, the 2,G-oxygen bridge of the compound appears to possess the 
p-config~~ration. The P-:~ssignment is strongly supportecl by an  exami~~atioii  of molecular 
models, \\rliich sho\vs also that the 2,G-anhydro ring assumes a boat conformation (as in 
IV).  The  eclipsing of bonds nncl distortio~l of bo~lcl angles in such n nioleci~le coi~ld account 
for the observed ease of acid li\~drolysis of the anhydride, as had been anticipated b ~ .  IIills 
(13), xvhich contrasts with the relatively high acid stability of other runhyclro sugars 
(epoxides excepted). Tha t  the 2,G-pyranoid ring of the compound is much less stable than 
the five-membered 2,s-ring (see 14, 1.5) was inclicated by the rapid formation of ethyl a- 

and p-D-fructofuranosicle when the anhydride was treatecl with ethanolic hjdrogen 
chloride a t  rooill temperature. Moreover, the a-D-anomer predominatecl initialll-, ~vliich 
was to be expected fro111 scissio~i of a p-D-anhydro ring (l(i), and the observed rate of 
formation of the mixture of furrulosides (rate of rotational change) closely paralleled 
that found with ethyl P-D-fructofuranoside. 

The anhydride consumed 110 periodate, although it possesses a free glj-col group (the 
trans-3,4-diol group), and with lead tetraacetate in acetic acid only a slow uptake of 
oxidant was found, caused most probably by gradual opening of the anhydro ring. This 
behavior is in accord with the recent report by Angyal and Young (17) tha t  the camphane- 
2,3-trans-diols are virtually unoxidized by glycol-cleaving agents since the structure of 
the anhydride is closely analogous to  that  of the carnphane diols. Di~nler  (18) has suggested 
that the 2,3-trans-diol group of 1,G-anhydro P-D-gluco- and a-galactofuranose, situated 
on a fused bicyclic system, resists glycol scission most probably because it is fixed rigidly 
in an arrangement highly unfavorable for complexing by the oxidants. The  trans-glycol 
groups of the campha~~e-trans-cliols and the anhydrofructose appear to possess a similar 
spatial arrangement, and their ~lnreactivity can therefore be interpreted in the same way.* 

*Recently it has been fozlnd (H.  R. Goldsc?zmid and A. S. Perlia. Can. J .  Cltein. 38, 2178 (1960)) that these 
conzpounds are cleaved oxidatively by lead tetraacetate using pyridine as solvent (27). 
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I t  may be noted, however, that some aic-tram-diols which are not located on bicyclic 
ring compounds, i.e., tlie 2,3-trans-glycol groups on internal (1 -+ 4)-linlied units of 
oligosaccharides, are also resistant to attack by lead tetraacetate (19). 

Several diiiieric anhj (11 ides of u-fructose are l<no\vn to be tormed by acid hydrolysis of 
D-fructans (20) and a 2,:3-anlq.dro monomeric clerivative of D-fructofuranose, as well as 
dimeric anhyclrides, has been found recently ainong the products of direct nitration of 
D-fructose (21). ?-he compound clescribecl h e ~ e  is )7et another t).pe of D-fructose anh>,dride. 
Also, it represents a class of rare anhydro-sugars, namelj-, that having tlie 1,1(2,5)- 
1,5(2,6)-bridged system. One other member of this class, 1 ,3-anliydro-p-D-ribofuranose, 
has been synthesized recently by Vis and Fletcher (22), ailcl also has been convertecl to 
the 2,3-0-isopropylide~le derivative, which proved to be il~tlisting~~ishable from a coni- 
pound described several )-ears earlier but onl~7 tentatively iclentified (23). Derivatives of 
three related glycosans have been reported but incompletely characterized (see 11); 
these are I ,5-aiiliyclro-2,X,G-tri-0-iiieth) I - p - ~ - g l u ~ ~ f u r a i l ~ ~ e  (24) and -a-I>-idoful-anose 
(25), ancl 2,3-di-0-acetj I-l,5-~1iil~yclro-~-~-rl~a1i~nofurai~ose (26). 

AAltl~ough 2,6-aiihj~dro-~-~-fructof~1raiiose cannot be regarded as a hydrogenolysis 
product derived froin sucrose, it was not obtained when the reaction was carried out in 
the presence of argon rather than hydrogen. Considerable charring occurred under these 
latter conditions, however, and ethyl 0-D-fructopyranosicle was isolated from the reaction 
mixture, the furanosides being relatively ininor products. Hence the hydrogenolysis 
conditions used may prevent decomposition of labile compounds, rather than serve 
directly in promoting formatioil of the furanose products. Tlie occurrence together of 
the anhydride and of the aiiorneric furanosides suggests the possibility that all three 
products are forined from a carbonium-ion intermediate of the type encountered in the 
acid-catalyzed solvolysis of glycosides (see 15). A protonated form such as  V, by reaction 
with the solvent, coulcl yield tlie anomeric furanosides (I1 and 111), and through intramole- 
cular attack by the C-6-carbinol group give the 2,6-anhydride. Formation of an acyclic 
carbonium-ion intermediate (15) appears less likely in these reactions, since ethyl 
pyranosides would tlien be expected to predominate anlong the products a t  the high 
temperatures used. That  the anhydride niay be derived directly from sucrose rather than 
from the glycosides was shown by its formation also when tlie hydrogenolysis reaction 
was carried out in dioxaile as solveilt in place of ethanol. The anhydride itself undergoes 
ethanolysis readily by heat in the absence of aclded acid catall.st to yield the anomeric 
furanosides. Hence, the glycosides isolated from tlie hydrogenolysis mixture may be 
produced b j  solvolysis of the anhl dride, as well as via a carboiiiu~n-ion intermediate such 
as V. 

The a- ancl p-anon~ers of ethyl D-fructofuranoside were isolated as analyticallj. pure 
syrups,* the p-anoiner being readily cleaved by invertase. On tosylation, the 8-glycoside 
furnished a crystalline diester which was converted by treatment with sodium iodide in 
acetone to a syrupy, monoiodo iiioilotosyl derivative. In plridine solutioii (27) the 
ditosylate consumed I mole of lead tetraacetate, in agreeinelit with the expectation that 
the ester groups were located a t  positions-1 and -6; presumably, that a t  position-1 is not 
readily replaceable by iodide ion (28, 29). Tlie p-anomer also furnished a crystalline 
1,G-di-0-trityl derivative, the terminal location of the ether groups being shown by the 
fact that tlie compouncl, in pyricline, consumed a mole of lead tetraacetate; tlie ditrityl 
ether was characterized further as a crjrstalline cliacetate. Tritylation of the a-glycoside 

*The a-anomer of fizethyl D-frziclofuranoside has been obiained itz cryslalline fornz (30). 
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folloned by acetl-lation afforded a crj-stalline di-0-acetyl ditrit).l ether. After deacetyla- 
tion the ditrityl ether \\.as shonn, also b!, oxiclation 11 it11 lead tetraacetate in p).ridine, to  
be the 1,6-deriv a t ' ~ v e .  

KO ethyl D-glucosicles \\-ere detected among the reaction procl~~cts, in accord \\~ith the 
expectation that the D-fructofuranosyl linlcage should be cleaved preferentially. Further, 
as sho\vn the formation of D-sorbitol, the D-glucosyl  nit appeared to be converted 
mainly to the free sugar and then reduced. The presence of D-mannitol in the mixture 
suggested that some D-fructose also was formed during the reaction. In addition to these 
products, gl\7cerol and a small proportion of erythritol were isolated, but the origin of 
these fragments was not determined. 

In contrast to the behavior of sucrose, the derived octaacetatc \\-as completely stable 
to the 1q7clrogenolysis conclitions, even a t  240" C. 'rhe ( 2  -+ 6)-li11l;ecl pol\~-D-fr~lctan, 
inulin, although converted in small proportion i n  ethanol to the furanosides, appeared to 
yielcl none of the anhyclricle. 

EXPERIRIESTAL 

Paper chromatography \\-as carried out it11 butan-1-01 :ethanol :water (40: 11 : 19) as 
solvent, and with urea oxalate (7) and ammoniacal silver nitrate (31) as spray reagents. 

Column chromatography OII cellulose was carried out using benzene:ethanol :water 
(300:30:1), (500:lOO:l) and ethanol. 

Evaporations were carried out a t  40-50" C, and optical rotations were measured a t  
approximatelj~ 25" C. Melting points are corrected, and boiling points recorded are air- 
bath te~nperatures. 

fTydrogenolysis of Sucrose in Ethanol and Separation of tlze Products 
Sucrose (20 g) in abso l~~ te  ethanol (75 ml) was heated a t  lSOO C ancl a pressure of 1100 

p.s.i. of hydrogen in the presence of copper chromium oxide catalyst (2 g) for 6 hours. 
The catalyst was filtered off and the filtrate concentrated, \-ielding a colorless syrup. 
Paper chromatographic examination of the syrup indicated the presence of the following 
components: hydrox1iniethylfurfural; glj~cerol; erythritol; ketohexose derivatives a t  RF 
0.60, 0.48, and 0.33; fructose; mannitol; sorbitol; sucrose; and slower-moving materials 
streaking to the origin. 

The syrupy reaction product was chromatographed on a column of coconut charcoal 
(32). The glycerol (0.33 g) and erythritol (0.25 g) (m.p. 120" C, u~tdepressed) were eluted 
with water. 

By adding 5% ethanol to the column and then fractionating the misture of eluted 
products on a cellulose coIu1i111, the followi~~g \\ere obtained: component RF 0.60 (0.83 g), 
fructose (0.5 g), glucose (2.0 g), and admixed D-mannitol and D-sorbitol (1.5 g). D-Mannit01 
(n1.p. 166" C ,  undepressed) was isolated by fractional crj7stallization, and D-sorbitol was 
characterized as the hexaacetate (rn.p. 99" C,  undepressed). 

The charcoal colum~l was washecl finally with 10% ethanol ~~ielding a mixture O F  
products. This ~nixture \\as resolved on a cellulose colun111, giving component RF 0.4s 
(0.9 g) ,  component RF 0.33 (0.S: g), and uncliangecl sucrose (9.3 g). 

2,6-I-11zlzyduo-P-~-frz~ctofz~ranose (I) 
The cl~romatographica1l~~ pure syrup (component RF 0.33) solidified on prolonged 

storage, and was recrystallizecl from acetone, m.p. 118-119" C and [aID - 107" (c, 1, HzO) 
(110 mutarotation). Calc~llatecl for CGH1OOj: C, 44.44%; H, 6.22y0; mol. mt., 162. Found: 
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C, 44.49%; H ,  6.:3iyO; 11101. wt., 157 (by isothermal distillation (10) in methanol a t  
30' C). 

The compouncl clicl not reduce Fehling's solution, was ~~ilaffected by treatment under 
reflux for G hours \\it11 lYO ~nethanolic ammonia, and also by treatment for 3 days a t  room 
temperature wit11 'queoLis sodium borohj-dricle. With sodium metaperiodate no uptcllte 
of oxidant nTas found in  24 hours reaction time, and with leacl teti-aacetate in acetic acid 
the c o ~ i s ~ ~ n ~ p t i o n  of oxidant was 0.1 mole in 8 hours reaction time. 

111 0.05 iV su lph~~r ic  acid a t  23' C the observed rotation of the anhydricle solutioil 
(1.0%) clecreased slightly from a, -1.00" (3 ininutes) + a, -0.97' (3 hours, constant, 
1 dcm tube). Paper chromatographic esamination showed that most of the anhydricle 
\\.as hyclrolyzed in 2 hours, and that conversion to fructose \\-as complete i~rithin 5 hours; 
accordingly, the calculatecl [a],  of the hyclrolyzate urns -80' (D-fructose shows [a],, - 8 2 O ) .  
The procluct \\-as cliaracterized further by conversion to D-glucose phenylosazone, n1.p. 
20O!)" C (clecomp.), nncl inclisti~ig~~isl~able from an authentic sample by X-ray diffraction. 

The observed rotation of the anh>,dride in ethanolic 115-drogen chloride (0.5%) a t  
room tenlperature rose rapidly to [a], +0.4A0 (7 minutes), then decreased slowly to 
-0.09' (IS hours) (c, 1.2, 1 dcm tube). Paper chro~natographic esainination of the 
reaction mixture inclicated that  ethyl a-D-fructofuranoside \\.as formed as the inajor 
product during the first 10 minutes reaction time. Under siiililar conclitions, rotational 
changes sho \~n  by eth? 1 p-D-fi-uctofuranoside \\rere a rapid rise to [a], + 0.32' (9 minutes), 
then clropping slowly to 0.03' (19 houis) ; ethyl a-u-fr~ictofuranoside showed [a],, 4-0.22' 
(2 miiiutes)+ -0.07' (20 hours), D-fructose, [a]" +O.lsO (14 minutes)+ -0.24' (18 
hours). These values are similar to the data reported by Purves ancl Hudson (30, 33) for 
the methyl D-fructofuranosicles and D-fructose. 

;Icetylation of the anhydride with acetic anhydride - pqridine a t  room temperature 
affordecl a triacetate, b.p. 110-120' C a t  0.05 111111, [a], -108' (c, 1.3, CIICI3). Calculated 
for CI2Hl6O8: C,  50.00%; H ,  5.GO%; acetyl, 44.8%. F O L I ~ I ~ :  C, 30.17%; I-I, 5.79%; 
acetyl (sapon.), 14.4%. 

Trentetl \\-it11 benzoj-l chloride and pyridine in cold chloroform, the anhydride yielded 
ail amorphous tribenzoate, [a], -1G3" (c, 1.1, CIIC13). Calculated for C27H2208: 
C ,  68,3570; 1-1, 4.6'7y0. Found : C, 67.9070; H,  4.73%. 

I ,$, / , -  Tri-0-uzeth yl-~-Srz~ctose 
The anlljrdricle (0.20 g) was dissolved in liquid ammonia (20 1111) and potassiuin was 

added portionuise until a stable blue color developed in the solution. After evaporation 
of the ammonia, methyl iodide (3  inl) \vas added and the solution heated ~inder reflux 
lor 3 hours and then stored a t  room temperature for 18 hours. The methyl iodide was 
evaporated off, the lnethylation procedure repeated twice, and the final reaction ln ix t~~re  
was extracted \t-it11 cl~loroform. The chloroform extract afforcled a syrup which was 
distilled, b.p. GO-170" C a t  0.05 inm. Paper chromatographic examination of the distillate 
showed the presence of a major component and a minor, slower-moving component which 
corresponded to 1,3,4-tri-O-n1et11yl-~-fr~1ctose (below), indicative of partial h\.drol>.sis. 
Calculated for CgH1605: methoxyl, 45.6%. Found: (turo preparations) metlioxyl, 42.9y0, 
41.1770. 

The distillate (105 mg) \\as hydrolyzed mith N sulplluric acicl, the solution was 
neutralized \\.it11 barium carboilate and estractecl with chloroforin. On evaporation, the 
aqueous layer j.ielded a syrup (99 ing) which co~isisted of a single co~nponent (paper 
chroinatogrrum). Purified by distillation (b.p. 115-120" C a t  0.05 111111) the product solidi- 
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fied, and was recr)stallized from carbon tetrachloride, 1n.p. 72-73' C aiid [aID -49.6' 
(c, 1.3, H20) (lit. (12), m.p. 73' C and [o]D -51.8' (H2O)). Calculated for CgHlaOE: 
C, 48.367,; H ,  8.3%; methoxyl, 41.89%. Found: C, 48.34%; H, 8.17%; methox)~l, 41.79%. 

In acetic acid, the trimethyl D-fructose consurned no lead tetracetate in 4 hours reactioii 
tiiue, showing the absence of a free vic-diol a t  tlie 2,3-position (34) and also a t  tlie 1,2- 
position (35). Alter reductioil with sodium boroliydride, 1 inole of forinaldehyde was 
produced (chromotropic acid method (36)) ill 1 lloi~r reaction time. This behavior slio\~~ed 
the absence of methoxyl groups a t  positions-2, -5, and -6, aiid hence confirmed that the 
product was the 1,3,4-tri-0-methyl derivative. 

Tritylation of 2,6-d7zhydro-P-D-frz~ctofuranose 
In a preliminary experiment, usi~ig 2.2 nioles of trityl chloride per inole of anhydride 

in pyridine a t  room temperature, some unchanged anhydride was present in the reaction 
mixture after 1 weel.; (paper chron~atogra~n). The anhydride (162 ing) in pyridine (4 ml) 
was treated a t  rooin temperature for 10 days wit11 tripllenylcliloro~l~ethaiie (615 mg). 
Ice water was added, the reaction mixture was extracted with benzene, and the extract 
washed successively with xvater, soclium bicarboilate solution, and water, then dried over 
sodium sulphate, and the benzene was evaporated off. oily product (720 ing) was 
fractionated on a column of reagent silicic acid using chloroforn~ as the solvent. After 
elution of tripl~ei~ylcarbii~ol, a ditrityl derivative (85 mg) was isolated and recrystallized 
froiii ethanol, 1ii.p. 224-2%" C and [aID -38.5" (c, 0.8, CHCI3). Calculated for C14H3806: 
C, 81.75%; H,  5.92%; 111ol. xvt., 643. Foui~d : C,  81.88%; H ,  6.00yo; inol. wt., 621 (melting 
point depression in camphor). 

Continued \vashing of tlie columil with chloroform eluted a monotrit)-1 derivative 
(145 mg) \vhich, after recrystallization from dichloroinethane - n-hexane, had a melting 
point of 150-153" C, [a], -43.7' (c, 1.0, CHCIJ. Calculated for C25H2405: C, '74.24%; 
H,  5.98%. Fouiid: C ,  74.24%; I-I, 5.98%. 

Di-0-tosyl-2,6-anhydro-p-D-fructo~urnnose 
The aii11~-dride (200 mg) in pyridiile (3 ml) was treatecl xvith p-toluenesulphon).1 chloride 

(500 ing) a t  room temperature for 18 hours. A few drops of water \yere added, ancl after 
30 ~ninutes the reaction mixture \\-as poured into ice water and extracted with ben~ene. 
-1fter successive washings \\-it11 water, sodiuii1 bicarbonate solution, and water, the 
benzene extract was clriecl aricl coilcentrated afforcling a glass (130 mg). The product, 
treated i l l  acetone with sodiunl iodide in a sealed tube a t  100' C,  yielded only a trace 
of sodium p-toluenesulphonate in 24 llours reaction time, [elD -20.1" (c, 1.4, CHCI3). 
Calculated for C20HeeOSS2: C ,  51.04%; H ,  4.71y0; S,  13.62y0. Found: C, 5l.6Oyo; 
H,  4.91%; S,  14.177,. 

Ethyl p-D-Fructojiiranoside (11) 
The syrupy, chromatograpliically pure glycoside had [ a ] D  -36" (c, 1 ,  H20) ,  \\-as reaclily 

clegracled to fructose by treatment with invertase, and was hydrolyzed to fructose a t  
room temperature ~vitliiii 2 days by 0.1 N sulpliui-ic acid. It  consumed 1.0 mole of soclium 
periodate per mole. 

On acetylation with acetic anhl-dride in pyridine a t  rooin temperature, the g l ~ ~ o s i d e  
(200 mg) affordecl a tetraacetate (310 iiig), b.p. about 150' C ' ~ t  0.06 min, [aID -25" (c, 
1.1, CHCIZ). Calculated for Cl6I-124O10: C, 31.06%; H ,  6.43%; acetyl, 43.8%. Found: 
C, 51.07%; H, 6.32%; acetyl (sapon.), 46.1%. 
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1,6-Di-o-trityl Ethyl P-D-Fructofuranoside 
The glycoside I1 (200 mg) in pyridille ( 4  ml) was treated a t  room temperature \\>it11 

trityl chloride (600 mg) for 48 hours. Isolated after treatment \vith ice water and extraction 
into benzene, the product (490 mg) was crystallized from ethanol, m.p. 180-183" C and 
[a]D -2.3" ( c ,  1.0, CIHC13). Calculated for C46H4406: C, '79.74%; H, 6.40%. Found: 
C, 79.917,; H,  6.60%. 

Treated with lead tetraacetate in pyridine (27) a t  0" C the ditrityl derivative consumed 
1 mole of oxidant per Inole in 0.5 hour. 

The ditrityl glycoside (100 nlg) treated with acetic anhydride - pyridine afforded a 
diacetate (95 mg) which, after recrystallization from ethanol, had a melting point of 
207-208" C, [a] ,  + 35.8' (c,  1.3, CHC13). Calc~~lated for CjaH4808: C, 77.307,; H,  6.23%. 
Found: C, 77.0'7%; H, 6.29%. 

1,6-DL-0-tosyl Etlzyl 8-D-Fructofuranoside 
To the gll.coside I1 (400 mg) in pyridine (5  ml) a t  0' C was added a solution 

of p-toluenesulphonyl chloride (750 mg) in chloroform (10 rill). After 2 hours a t  0' C and 
18 hours a t  23' C the reaction ~nix t i~re  was diluted with chloroform (30 ml), treated with 
a few drops of water, and 30 minutes later was washed successivel~. with ice water, copper 
sulphate, sodii~m bicarbonate, and water. The solutio~l was dried over sodiunl sulphate and 
concentrated, yielding a crystalline product (230 mg) \vhich was recrystallized from 
ethanol - n-hexane, m.p. 125-127" C (decomp.), [a]D -12.8" (c ,  1.0, CHC13). Calculated 
for C?2H2BOlaS?: C, 51.15%; H,  5.46%; S, 12.41Y0. Found: C, 51.02%; H ,  5.46%; 
S ,  12.13y0. 

In pyridine, the ditosyl derivative consumecl 1.0 mole of leacl tetraacetate per mole in 
1 hour reaction time. 

The ditosylate (100 mg) was heated a t  100" C with sodium iodide (73 mg) in acetone 
(6 ml) for 24 hours. Sodium p-toluenesulplionate (33 mg), which cr1 stallizecl out on cooling, 
was filtered off. .lifter evaporation of the acetone, the residue was taken up in chloroform, 
washed with water, and recovered as an oil (72 mg), [aID -22.5' (c, 1.0, CHC1:). Calcu- 
lated for C15H?107SI : S,  6.79%; I ,  26.87%. Found : S ,  G.68yo; I ,  23.0 1%. 

Ethyl a-D-~ructofz~ranoside (I 1 I) 
The syrup),, chromatographic all^^ pure material showed [a] ,  +G5" (c ,  1,  HzO), was not 

attacked by invertase, and was hydrolyzed to D-fructose within 15 hours a t  room tempera- 
ture by 0.1 N sulphuric acid. I t  consunled 1 mole of sodium periodate per mole. Calculated 
for C8H16O6: C,  46.15y0; H ,  7.75y0; ethoxyl, 21.6y0. Found: C, 45.98y0; H, 8.13%; 
ethoxyl, 21.1%. 

Acetylated a t  25" C with acetic anhyclride - pyridine, the gl1-coside yielded a tetra- 
acetate, b.p. about 135" C atO.O1 nlm, [aID +7G0 (c ,  1.4, CHC13). Calculated for C16H24010: 
C, 51.06%; H, 6.43%; acetyl, 45.8%. Found: C, 51.22y0; H, 6.65y0; acetyl (sapon.), 
45.8%. 

3,4-Di-O-acetyl-l,6-di-O-trityl Ethyl a-~-Fr~~ctofZ~ranoside  
The gll-coside 111 (205 rng) was treated with trityl chloride (615 mg) in pyridine ( 4  ml) 

a t  roo111 temperature for 7 days, and the reaction mixture uras morlied up as descl-ibed 
previously. The syrupy product (722 mg) was fractionated on a silicic acid column using- 
chloroform as solvent, affording a crystalline ditrityl ether (260 mg) and, by continued 
elution, an oily product which probably u7as a monotrit)~l derivative. Despite repeated 
recrystallization from ethanol the ditrit).l ether had a broad melting point (about 
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140-150" C). On acet)~lation a t  100" C with acetic anhydride - sodiuln acetate, a di-0- 
acetyl di-0-trityl derivative \vas obtained, 111.p. 142-144' C and [ff]D +44.Y0 (c, 1.4, 
CHC13). Calculated for C50H4808: C,  77.30%; H I  6.23%. Foulld: C, 77.32%; H ,  6.32%. 

The product ~ 7 a s  deacetylated with sodiunl lnethoxicle in chloroforln-~l~ethanol, the 
solvent was evaporated, and the residue treated a t  0' C with lead tetraacetate in pyridine. 
Found: 1.0 mole of oxidant consumecl per inole in 0.5 hour. 

TIydrogenolysis of Sucrose in  Dioxane 
Sucrose (5 g) and copper chromium oxide catalyst (0.5 g) in dioxane (75 ml) were 

heated for 6 hours a t  180" C under hydrogen a t  1100 p.s.i. An oil consisting mainly of 
unchanged sucrose separated out on cooling, and the dioxane solutioll 1i7as evaporated. 
The residue (2.9 g) showed heavy streaking on a paper chromatogram. By chronlato- 
graphy on a cellulose colunln, a fraction corresponding (paper cl~romatograln) to the 
anhydride (I) was isolated (167 mg). After recrystallization from acetone, the product 
had a melting point of 118-119" C, undepressed. The X-ray cliffraction poii7der diagram 
of the product was indistinguishable from that of the anhydride (I) .  

Ethanolysis of Sucrose 
Sucrose (10 g) in dry ethanol (75 ml) was heated for 6 hours a t  180" C in an atmosphere 

of argon (10 p.s.i.). The resulting dark-broil711 solution was concentrated to a syrup which, 
from paper chromatographic examination, appeared to contain hydroxylnethylfurfural, 
ethyl D-fructofuranosides (I1 and 111), a trace of anhydride (I) ,  fructose, and sucrose. 
By colulnil chrolnatography on cellulose the glycoside lnixture was found to contain 
ethyl p-D-fructopyranoside (105 mg), m.13. 150-151' C and [or], -160" (c, 1.0, H20). 
Calculated for C8HI6o6: C, 46.15a/0; H ,  7.75y0. Found: C,  46.21a/0; H,  7.86y0. The 
derived tetraacetate hacl a melting point of 83-84' C and [&!ID -127" (c, 1.2 CHC13). 
Calculated for CISHzdOIO: C,  51.0f17~; H ,  Found: C, 51.33y0; H ,  6.57y0. 

The authors gratefull). ac1;nowledge the technical assistance given by Mr. J .  1 1 7 .  L. C. 
Christ, and helpful suggestions made by Dr. P. A. J .  Gorin. A/Iicroanalyses \irei-e performed 
by Mr. M.  A4/lazurelc, and X-ray powder diagrams and infrared absorption spectra were 
prepared by i\iIiss Inez Gaffney. 
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