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Methyl P-I,-araboppranoside was subjected to hydrogenolysis using a copper chromite catalyst and dioxane as solvetit. 
Reductive cleavage of the C1 to  CH30 litikage was found to  occur as well as reduction of one hydroxyl group, and a mixture 
of cis- and trans-3,4-dihydrov>-tetrahydro-2-pyran in a rntio of 2 :  ,'3 wits isolated in high yield. 5-Methoxy-1,2-, 2,;3- and 
3,4-pentanediol were formed as by-products. 

The action of hydrogen upon reducing sugars, 
glycosides and polyols a t  high pressures and tem- 
peratures and in the presence of an activating cata- 
lyst has been the scope of a large number of investi- 
gations. Chief interest has been centered, however, 
on the hydrogenation of reducing sugars to  sugar 
alcohols, which, for instance, has resulted in the 
conversion of sorbitol from a laboratory curiosity 
into a cheap industrial chemical. Aside from 
patents covering processes for the reductive cleav- 
age of reducing sugars to glycerol, propylene and 
ethylene glycol, little attention has been given to 
the hydrogenolysis of carbohydrates and their 
derivatives. Zartman and Adkins' work3 pub- 
lished 23 years ago, still supplies most of the in- 
formation. This work and the results of other in- 
ves t iga to r~~  suggested that a carbohydrate in the 
first stage of the hydrogenolysis is transformed to  
linear and cyclic polyhydric alcohols with retention 
of the carbon skeleton and that the lower molecular 
weight glycols such as ethylene and propylene gly- 
col are formed in the second stage of the reaction. 
It was hoped that  niilder conditions as well as 
shorter reaction times would give the polyhydric 
alcohols without further degradation of the carbon 
chain. 

Methyl p-L-arabopyranoside was chosen as 
starting material because i t  is readily available5 
and from the work of Natta, et aL.,6 i t  was clear 
that  the carbon skeleton of a pentose would be rela- 
tively stable to  the hydrogenolysis conditions neces- 
sary to cleave carbon-oxygen bonds. The number 
of possible isomers resulting from such a carbon- 
oxygen bond cleavage was also expected to be 
smaller for a pentose than for a hexose. The glyco- 
side was chosen to  avoid immediate reduction of 
the hemiacetal group. For reasons of stability and 
to facilitate the determination of water and metha- 
nol after hydrogenolysis, dry dioxane was used as 
solvent. Temperature, pressure and reaction time 
were varied over a wide range, but it was found that 
below 200' and 100 atm. the reaction was very 
sluggish, and unchanged starting material was al- 
ways present. At 240" and 230 atm. the hydro- 
gen uptake was complete after 6 hr. and the iso- 
lated products, when subjected to the same hydro- 
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genolysis conditions a second time, did not take 
up more hydrogen. Different types of copper 
chromite catalysts worked equally well and 
yielded the same products. However, the catalyst 
suffered decomposition if the glycoside sample had 
an appreciable reducing value with Somogyi rea- 
gent.' Recrystallization from methanol was gen- 
erally necessary to  yield a suitable starting mate- 
rial. 

Isolation of the reaction products as described in 
the Experimental part showed that the path taken 
by the reaction under the above conditions was 
markedly different from that found by earlier in- 
vestigators. No starting material was present; 
62% of the glycosidic methoxyl group was recov- 
ered as methanol and the remaining 38% as meth- 
oxy1 groups in the less volatile products; no metha- 
nol had been formed by hydrogenolysis of carbon- 
carbon bonds. The quantity of water formed iii 
the reaction, 1.15 moles, corresponded to  a loss of 
about one hydroxyl group for each glycoside mole- 
cule. Fractional distillation yielded only iiegligi- 
ble amounts of material having a boiling range in 
the neighborhood of those of ethylene or propylene 
glycol, but the compounds did not consume any 
periodate. Almost all of the material distilled be- 
tween 69-78' at 30 p and no higher boiling residue 
could be observed, suggesting that in this main frac- 
tion the original carbon chain had been retained. 
The low methoxyl content of this fraction indicated 
that it was a mixture of methoxyl-containing and 
niethoxyl-free compounds. Xcid treatment fol- 
lowed by fractional distillation yielded G0-70% of a 
methoxyl-free diol whose boiling point, niolecular 
formula and refractire index suggested a dihydroxy- 
tetrahydropyran. Preparation of derivatives and 
comparison with authentic samples8 confirmed that 
the hydrogenolysis of methyl 6-L-arabopyranoside 
(I) had yielded, with retention of the pyran ring 
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and reductive dcnvage of the C1 to OCHa group, a 
mixture of &- and trans-&4-dihydroxytetrahydro- 
?-pyran (11, 111) in 60-70% yield. 

The isomeric 3,4-dihydroxytetrahydro-2-pyrans 
used for comparison were prepared by hydroxylat- 
ing 5,(i-dihydro-"pyra~i. The trans isomer 111 
was obtained in good yield by hydroxylation with 
performic acid,8 but cis-hydroxylation with perman- 
ganate was tedious and gave small yields. How- 
ever, &-hydroxylation with osmium tetroxide re- 
sulted in an almost quantitative yield of the pure 
diol 11. The formation of both isomers would be 
expected to  result from a competitive reductive re- 
moval of the hydroxyl group on either C2 or C4 of 
the arabinoside. This observation is in accordance 
with the rule established by ad kin^,^ which states 
that  1,3-glycols are most easily hydrogenolyzed 
and the resulting alcohols, once formed, as well as 
1,2-glycols are stable under the same conditions. 
The ratio of the isomeric 3,1-dihydroxytetrahydro- 
"pyrans was determined by two methods. The 
melting diagram was determined for the pure iso- 
meric ditosyl derivatives and the melting behavior 
of the unknown mixture used to  determine the cis 
to  trans ratio. Secondly, the strong difference in 
the rate of oxidation by lead tetraacetate (Fig. 1 )  
was used to support the figures obtained by the 
first method and the data were found to  agree well. 
The difference in rates of lead tetraacetate oxida- 
tion also permitted the isolation of the pure trans- 
3,4-dihydroxytetrahydro-2-pyran from the iso- 
mer mixture. 
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Fig. 1.-Rate of lead tetraacetate consumption by the 
mixture of the isomeric 3.1-dihydrosytetrahydro-2-pyrans 
at  2 5 O .  

In addition to the isomeric dihydroxytetrahy- 
dropyrans, methoxyl-containing material had 
formed during the hydrogenolysis. This methoxyl- 
rich fraction accounted for the remaining 357,. of 
the hydrogenolysis products. Its high boiling 
point, methoxyl content and its consumption of 
periodate suggested that  the compounds present 
had retained the five-carbon chain and the methoxyl 
group on the original C1 and possessed an average 
of one I ,2-glycol group per molecule. Since 1,3-gly- 
cols could be excluded on the basis of Adkins' rule, 
the hydroxyl groups were most likely present a t  
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the 1,2-, ?,3- or 3,l-positions of  thc 5-mcthoxy- 
pentanediols; i t  was also possible that 5-niethoxy ~ 

1,4-pentanediol was present in trace amounts. The 
probable hydrogenolysis of the C1-to-ring oxygen 
bond in competition with the C1-to-methoxyl oxy- 
gen bond serves to explain the forrnation o f  the 
rnethoxy pentanediols. For further evidence and 
in order to  determine the proportions of the single 
rnethoxy pentanediols, the mixture was oxidized 
with sodium periodate and the formaldehyde and 
acetaldehyde produced were determined. The alde- 
hydes were then oxidized to the corresponding car- 
boxylic acids, the acids were separated by chrorna- 
tography and acetic and propionic acid were de- 
termined quantitatively. The data suggested that, 
besides the dihydroxytetrahydropyrans, about 8Tc 
of 5-methoxy-1 ,?-pentanediol, 2OT0 of 5-methoxy- 
2,3-pentanediol and 13% of 3-methoxy-3,4-pen- 
tanediol had been formed during the hydrogenoly- 
sis of methyl P-L-arabopyranoside. I t  is note- 
worthy that, once ring fission has occurred,the pri- 
mary hydroxyl group seems to be the one most eas- 
ily removed. 

Several problems tha t  arose during this work re- 
main unsolved. For instance, the dihydroxytetra- 
hydropyrans isolated from the reaction mixtures 
were optically inactive, possibly through isomeriza- 
tion during the hydrogenolysis. Further, i t  cannot 
be concluded from the data whether cleavage of 
the ether linkage and hydrogenolysis of the hy- 
droxyl groups are simultaneous or consecutive re- 
actions. 

Experimental 
XI1 melting points are corrected and were measured with :t 

Leitz heating stage microscope. -111 infrared spectra were 
recorded with a Perkin-Elmer model 21 spectrometer 
equipped with a sodium chloride prism. Samples were 
mounted by the potassium bromide disk technique.'O 

Hydrogenolysis Procedure.-Equipment as described by 
ad kin^,^ dioxane purified and dried by distillation over so- 
dium and copper chromite catal>-stg were used in all experi- 
ments. Methyl B-L-arabopyranoside (n1.p. 171.5"), 10.0 
g., dissolved in 150 inl. of dioxane, %IS placcd in the borrih, 
2.0 g. of catalyst was added and the vessel was flushed with 
hydrogen. After raising the hydrogen pressure t o  170 a tm.  
the hydrogen supply was closed and the vessel was heated to  
240' which resulted in an  initial pressure increase to  240- 
260 attii. -1fter 6 hr .  reaction time the vessel was allowed 
to  cool to  room temperature and the catalyst was separated 
from the reaction mixture by pressure filtration through a 
filter covered with a layer of Celite. Most of the solvent 
was distilled using an  efficient condenser and ice-cooled re- 
ceiver. The remainder of the solvent was removed in 
vacuo and the sirup was dried for 2 hr. on an oil-pump. 
The resulting product, 7.55  g., was clear and colorless 
and showed the following constants: n Z 5 ~  1.4659, [ a ] m ~  
+4.9" (c 4.45 in dioxane), OMe 7.1Yc. Paper chromatog- 
raphy showed tha t  no starting material was present in the 
product. 

If the hydrogen uptake had been slow and the catalyst 
had decomposed in part or completely during the reaction 
to  the red inactive form, the reaction mixture was usually 
found to  contain appreciable amounts of starting material. 
Small amounts of reducing compounds in the starting mate- 
rial, determinable with Somogyi reagent,' were found to be 
responsible for decomposition of the catalyst. The hq- 
drogenolysis proceeded satisfactorily when the amount of 
reducing material had been lowered to 0.0570 or less (ex- 
pressed as free arabinose) by crystallization from methanol. 

Determination of Water and Methanol.-Water and meth- 
anol were determined in the dioxane distilled from the hy- 
drogenolysis mixture. The  water, determined by titration 
with Karl Fischer reagent, amounted to  1.15 moles of water 

(10) 0. Schiedt and H. Reinwein, L .  S a t u r j o r s c h . ,  76, 270 (1952). 



per inole of glycoside l ~ ~ - r l r ~ i g c n r i l ~ ~ z ~ t l .  ~ ~ C t h ~ l t l ~ J l  was tle- 
ternlined by tlie prixedurc ( i f  Bi i~, ,  ailit1 (). t i2 tii<ile o f  nictli- 
:inn1 per mole of glycoside vas  detected. 
cis- and trans-3,4-Dihydroxytetrahydro-2-pyran (11, III).- 

B y  fractional distillation with :i wiall column the sirup, 
i . a ~  g. ,  obtained by liydrogeniil l i t '  methyl p-r,-arabti- 
pyranoside was divided intii thr rxtiiiii5, the first otic 
boiling between 38-39" arid :30 p pressure, 0 .21 g . ,  n% 
1.4401, with ;I methosJ-l content of Il .9TL ( ;  the second one. 
between 6t5-6i'.50, 0.17 g . ,  n?on 1.46iJ2, with a methosyl 
content of 15.75ri and a thirti a n d  main fraction, boiling 
a t  6 Q - - i X 0 ,  6.18 g., 1 ~ 2 " ~  1,4802, \\-it11 :t iiiethosyl content of 
fi.i)6' ( .  
hydrochloric acid for 3 hr., tlie solutioli was deionized by 
passing it through a weakly basic resin (Xmberlite IR4B)  
and concentrated in i'acuo tii yield, after distillatiim a t  10 p 
and a bath temperature of 90-100°, 1.75 g. of :i colorless 
sirup (11, 111) which contained 110 metlirisyl groups mid w:ts 
crptically inactive. 

C, t50.53; H, 8.62. 
cis- and trans-Di-0-p-toluenesulfonyl-3,4-dihydroxytetra- 

hydr0-2-pyran.-The mixture of cis- and truns-3,4-dihy- 
tlrosytetrah!-dro-2-p!-rati, 0.30 g . ,  ~ r a s  diisol\-etl in 5 ml. of 
(lry pyridine and added to :ill ice-cooled solution of p- 
tiJluenesulfon~-l chloride, 1.5 g., in 5 nil. o f  drJ- pyridine. 
The  mixture was allowed to stand at room temperature for I8 
hr.  after which time the precipitate which formed on careful 
addition of ice to  the pyridine solution was collected by cen- 
trifugation. One recrystallization from ethannl yielded 
1.0 g. of :I material, m .p .  121.5-149". 

i lnn l .  Calcd. for C!sH??O;S?: C, 5:3.50; II, 5.20. 
Found: C, 53.62; H ,  5.16. 

Ten fractional crj-stallizations from ethanol yielded as 
uble compound cl's-di-O-p-toluetiesulfon).l- 
etraIiydro-%-pvr:in, 1~1.p. 127-129", which 

(lid not depress the melting point of an authentic samples; 
tlie infrared absorption spectruin X I S  identical with that 
of tiie kniiii-ii specinieil. 'rile 1css sihible ciinlpoulld was 
icleiitificd ;is truns-di-0- p - toluenesulfonyl - :< .1 - tlili!-dros~-- 
tetr~ili!.ilrii-2-pyran, by its iiieltiiig point 158-lW". untle- 
pressed by  adrriisture ivith a11 :ruthetitic sample,8 anti by coni- 
parison of its infrared :Lbsorptiiiti spectrum with t l ~ t  of the 
knoirn compound. 

cis-3,4-Dihydroxytetrahydro-Z-pyran from 5,6-Dihydro- 
2-pyran.-.A soluticm of 5,6-tlihydro-2-pyran,'2 168 mg.. 
xnd dry pyridine, 320 mg.,  in 3 ml. of dry ether was added 
to a siilutioii of 508 r ig .  of osmium tetroxide in 8 nil. of dry 
ether. The brown crystalline precipitate, 822 rng., was 
filtered off after 1 Iir. at  roiim temperature and w ~ i s  dissolved 
in 5 ml. of chloroform. -1 solution nf 224 mg. of potassium 
hJ.droxide and 728 rng. i i f  inannitcil in 1 5  tnl. of water was 
added to  the chloroform solution mid the mixture sh:iken 
till the cliloroform layer x i s  colorless. Continuous ex- 
traction of the aqueous 1:iyer v i th  chliiroform for 36 lir. and 
distillation of the sirup after retnov~il (if the chloroform 
yielded 176 mg. of c i s -~ ,~- t l i l i~-dr i i sy te t ra l~~-dro-2-p~-ra t~ .  
Tosylation of the diol as  described above >-ieldcd, after one 
crystallization from ethanol, pure cis-di-0-p-tiiluenesulfonyl- 
:3,~-dih!-drosytetrahydro-2-pyran, n1.p. lt'33-134'; Heu- 
herger and Owen* reported m.p .  141-1:12". 

..lnnl. Calcd. for CIsM,10 c.  ,53.5lI: H .  5.20, 
Found: C, 33.39; H ,  5.20. 

Lead Tetraacetate Oxidation of the Mixture of cis- and 
trnns-3,4-Dihydroxytetrahydro-2-pyrans.-Tl1e diol rnis- 
ture, 25.40 mg.. w:is ilissiilved in 5 ml. of glacial acetic acid. 
Two milliliters ( i f  this sijlutii>n was added a t  time zero to l n  
ml. of :L solutinn rif  90 rng. o f  lead tetraacetate in 45 ml. o f  
glacial acetic acid. .I rexction blank was started a t  the  
same time. One-milliliter aliquots were withdrawn 
chosen intervals atid the lead tetraacetate consumed 
measured.13 The  results are recorded in Fig. 1. 

For the isolation of pure tvnn.~-8,4-dihydroxytetrahydro- 
2-pyran, the misture of isomers, 0A72 g . ,  \\-as oxidized with 

- - -  

The third fraction, ?,[I g . ,  \i-iis refluxed nit11 7' 

:lnnl. Calcd. for C B H ~ ~ O I :  C, 50.83; 11, 8 .  
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1.777 g. of lex1 tetruacetate in 77 in!. ( i f  g1aci:il acetic :{vi11 
ICir 50 niiiiutvs. .\ftcr t JCI tiic rcxctioii u x s  z t i i p l i c i l  
by addition of 7.2 ml. o oxalic acid dihydrate solu- 
tion in acetic acid and 1 mala te  was removed hl- 
filti-xtiiiii, The acctic :i e\-apcirated, the remaining 
sirup mCts dissolved in water, tlie aqueous solution w:is ex- 
tracted three timei xritli cther : i n t i  tlie w:iter reirtovctl in 
i ' n c z ~ o .  Distillation of the sirup :it I O  p and a bath teinper,i- 
ture r i f  90-100" )-ielded 0.22 g. of t,,nns-;~,l-tIih?.tiril. 
liy11rii-2-pyr~ii wh(ise ditosylate, prepared as tl 
:rhore, after m e  crystal!i7:ttinn fr~iin ctli:iiiol, i i i (  

i t i  1 .3-16~'3 .0 O . 
Periodate Oxidation of the Crude Hydrogenolysis Mix- 

ture.  Determination of the Aldehydes.--Periodate upt:ike 
I if tlie crude sirup nhtaineci on 11-drogenolysis of methyl p-L- 
arabopyranoside was nieasuredl4 and the reaction was found 
t o  be completed after 50 minutes a t  room temperature. 
The  sirup, 2 .  17 g . ,  consumed 19.5 nirnoles of periodate with 
formation of 1.62 miniiles of f~rmaldehyt ie '~  and 3.97 
tiimoles of acet:ildehyde.'6 ~letl iosyacetaldehyde and pro- 
pionaldeh>-de did iiot iriterferr in tiie xetaldehyde deter- 
mination. The metliox~-acetaldehyde was generated by 
periodate osidatim of l-methos:\-glj-ccrol. 

Periodate Oxidation of the Crude Hydrogenolysis Mix- 
ture. Oxidation of the Aldehydes and Determination of 
the Acids.--.\ solution nf tiie crude sirup, 2 .47 g . ,  in IO r i i l .  
o f  nxter v a s  atlded t i i  ;I solution of 6.42 g. of sodium i n e t a -  
periodate in  100  1111. ( i f  water. .\fter ;iO minutes a t  room 
temperature the hydrogen-ion concentration of the solutiiiit 
was adjusted to  PH 7 by addition uf sodium carbonate. 
snlution of potassium permanganate, 3.16 g . ,  and potassium 
bicarbonate, 3.36 g., in 100 nil. of water was then added 
dropwise during 60 minutes to  the stirred periodate osidntion 
inisture anti thc temperature mas kept below 30'. The 
permanganate deficiency is compensated by  an escess o f  
periodate." .lifter removal of the manganese dioxide by 
pressure filtration through :i bed of Celite and washing of 
tile filter cake with hot water, the combined filtrates irere 
evaporated in X I C Z I O .  -1 cnoled, snturuted solution o f  so- 
tliwii bisulfite, 10 d., arid lt50 1111. d ether were ;itldetl to  
the re\itlue, arid thc :iqueous 1 was acidified to :ihout pH 
:I b y  careful :tddition (if  10 ulfurie acid. The iodine 
fixnied w:ts thus instantsneo reduced. .After 6 hr.  of 
c~intinucius e\;tractiiiti with ether. tlic es t ract  was dried with 
sodium sulfate, filtered aiiti the acitii irere precipit:tted as 
their :unmonium salts by bubbling dry ammoni:r through 
the ether solution. The  salts were collected by filtration, 
the acids liberated with 2 S sulfuric acid and contiriuously 
extracted f i r  11' hr. with di-n-butyl ether from their aqueous 
solution. -1fter drying about 75% of the dibutyl ether was 
distilled arid the distillate containing the vo1:ttile acids was 
made up to  XI nil. with dibutyl ether in a volumetric flask. 
Titration of :in aliquot of this solution with S sodium hy- 
droside indicated the presence i,f 5.79 meq. of acid in the 
,?XI nil. of dibutj-1 ether. The dibutyl etlier solution, 0.6 nil., 
was added to the top of a culuirin made from 3.0 g.  of silicic 
acid and the chromatcigram i m 5  developed with di-n-butyl 
ether which had been equilibrated Tvith water and methyl 
Cellosolve.'* The  position of the bands was identical with 
the position of the acetic and propionic acid bands of a test 
ruii on the same column. The  50 nil. of dibutyl ether origi- 
nal solution \vas fimnd to  contain 3.58 mnioles of acetic 
acid and 2.13 niincilei o f  propionic acid. The  acids Ivere 
further identified :is their benz!-ltliiuroniuni sa1tslg by mixed 
riit3lting points irith nuthelltic specimen. 
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