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I t  has been shown that  the dialdehydes obtained from sugar glycosides by oxidation with periodic acid can be reduced 
readily to  the corresponding alcohols, the structures of which have been proved. Since this treatment results in the elimina- 
tion of all dissvmmetrv except that  a t  C1, an examination of these new alcohols provides a simple way of correlating the struc- 
ture of glycosides. 

The application of the hlalaprade3s4 periodate 
reaction to the elucidation of the structure of the 
alkyl glycosides of the aldohexoses and aldopentoses 
was examined first by Fleurys and co-workers, and 
later, in more rigorous fashion, by Jackson and 
Hudson6s7 who used this reaction to effect a corre- 
lation of the structure of the glycosides; these 
workers demonstrated that,  on oxidation with peri- 
odic acid, all methyl a-D-hexopyranosides yield a 
common dialdehyde I and all methyl p-D-hexopy- 
ranosides yield another common dialdehyde 11. 
Similarly, all methyl a-D-pentopyranosides yield a 
common dialdehyde I11 and all methyl P-D-pento- 
pyranosides yield another common dialdehyde IV. 
By means of bromine oxidation dialdehydes I-IV 
were converted to the corresponding dicarboxylic 
acids which were isolated as their crystalline barium 
or strontium salts. 

It is apparent that  if the dialdehydes I-IV are 
reduced, the corresponding alcohols shoyld be ob- 
tained. This reaction has been achieved by hydro- 
genating under pressure (1000-2000 pounds per 
square inch) a t  120' in the presence of a Raney 
nickel catalyst and by the action of sodium borohy- 
dride in aqueous s o l u t i ~ n . ~ ~ ~  

From an examination of formulas I-VI11 the fol- 
lowing stereochemical relationships are apparent. 
Dialdehydes I and I1 are diastereoisomers as are 
the respective salts of the dicarboxylic acids derived 
from them due to the retention of asymmetry a t  
carbon atoms 1 and 5 in each case. However, di- 
aldehydes I11 and IV are optical antipodes as are 
the salts of the respective dicarboxylic acids derived 
from them. Reduction of dialdehydes I and I1 to 
yield alcohols V and VI,  respectively, should de- 
stroy, in each case, the asymmetry of carbon atom 
5 but the asymmetry of carbon atom 1 should be 
retained. Thus alcohols V and VI,  which differ 
only with respect to the configuration of carbon atom 
I ,  should be optical antipodes. Alcohols VI1 and 
VIII,  produced by reduction of dialdehydes I11 
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and IV, respectively, should also form a pair of 
optical antipodes. 

The enantiomorphism of alcohols V and VI and 
of alcohols VI1 and VI I I  has been verified experi- 
mentally. Six methyl D-hexosides were prepared 
corresponding to the anomeric pairs of the methyl 
glycosides of D-glucose, D-mannose and D-galactose. 
Four methyl pentosides were prepared correspond- 
ing to the pair of anomeric methyl glycosides of D- 
xylose and the anomeric pair of glycosides of L-ara- 
binose. The carefully purified glycosides were oxid- 
ized with periodic acid in aqueous solution a t  20", 
according to the procedure of Jackson and Hud- 
son,6 and the sirupy dialdehyde obtained in each 
case was hydrogenated in the presence of Raney 
nickel catalyst at  120' and a t  a pressure of 1000- 
2000 pounds per square inch. -All the methyl WD- 
hexosides yielded D'-methoxy-hydroxymethyldi- 
ethylene glycol (V) and all the methyl p-D-hexosides 
yielded L'-methoxy-hydroxymethyldiethylene gly- 
col (VI). In the pentose series both methyl p-D- 
xyloside and methyl a-L-arabinoside yielded L'- 
methoxydiethylene glycol (VIII) and methyl a- 
D-xyloside and methyl b-L-arabinoside both yielded 
D'-methoxydiethylene glycol (VII). 

It is apparent, therefore, that  relating all methyl 
a-D-hexosides to a common alcohol (V) and all 
methyl p-D-hexosides to a common alcohol (VI) af- 
fords a new method of correlating the methyl hexo- 
sides. Similarly in the pentose series the deriva- 
tion from all methyl a-D-pentosides and from all 
methyl @+pentosides of a common alcohol (VII) 
and the derivation from all methyl 6-D-pentosides 
and from all methyl a-L-pentosides of a common 
alcohol (17111) constitutes a new method of correlat- 
ing the methyl pentosides. Thus in the pentose 
series of sugars i t  has been possible to achieve ex- 
perimentally not only a correlation of all methyl 
a-D-pentosides with all methyl P-D-pentosides and a 
correlation of all methyl a-L-pentosides with all 
methyl p-L-pentosides, but also a correlation of the 
n- and L-series of the sugars. 

The method of correlating the glycosides de- 
scribed herein possesses certain advantages over 
Jackson and Hudson's method of correlation. For 
example, the alcohols V, VI, VI1 and VIII ,  which 
distil in vacuo without decomposition, are obtained 
easily in high yield from the corresponding dialde- 
hydes (I, 11, I11 and IV, respectively). By compari. 
son the crystalline salts of the dibasic acids pro- 
duced from the dialdehydes I-TV by bromine oxida- 
tion are not so readily accessible. In the method of 
Jackson and Hudson the dibasic acids (in the form 
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of their salts) derived from the methyl hexosides 
are diastereoisomers and hence do not possess the 
value as reference compounds as the alcohols V and 
VI (and their crystalline esters) which are enantio- 
morphs. 

Each of the alcohols (V, VI,  VI1 and VIII)  ob- 
tained by reduction of the corresponding dialde- 
hyde depends for its optical activity solely upon 
the asymmetry of the glycosidic number I carbon 
atom. I t  is of interest to note that alcohols V and 
V I I ,  derived from the methyl  or methyl 6-L-j 
glycosides were found to haT-e a negative rotation 
whereas alcohols VI and VIII ,  derived from the 
Inethyl p-D-(or methyl a-L-) glycosides showed a 
positive rotation. .it first glance these results ap- 
pear to bc contradictory to the rules of isorotation 
as applie(1 to sugars according lo which (in the D 
series ( i f  sugars) an a-glycosidic configuration for 
carbon atom 1 coiltributes a positive value to  the 
optical rotation o f  :I sugar niolecule and a 0-con 
figur,itioii :I negative coiitributioii. The reason for 
this apparent anomaly is not obvious, but i t  may be 
pointed out that the optical activity of a sugar 
niolcculc results not only from the contribution of 

CHO 

each dsyiiinetric rciiter but also froin the efl'ect 
and stereochemical conforrnatiori of the sugar ring. 

The trihydric alcohols T' and VI derived from 
the methyl D-hexosides were characterized by the 
formation of crystalline tris-0-benzoates and tris- 
0-/)-nitrobenzoates, while the dihydric alcohols VI1 
and VI11 derived from the methyl pentosides were 
characterized by the formation of crystalline bis-0- 
p-nitrobenzoates (see Table I). 

Proof of Structure of Alcohols V, VI, VI1 and 
VII1.-The structure of the two hitherto unknown 
enantiomorphic alcohols (I' or IX, K = H) arid 1'1 
or X (R = H), derived from the methyl hexopyran- 
osides is based upon the following experimental 
facts. Hydrolysis of the acetal linkages of these 
two alcohols (1 II' Iirdrochloric x i d  at  20') pro- 
creded easily arid 3 ielded in e ~ c h  case m e  molecule 
of glycerol (XII, K = H),  one cf glycolic aldehyde 
(XI, K = H) arid one of riirt1i:iiiol. In each caPe 
the glycerol was identified <i> t h e  tiis-(~-/~-riitrobeii- 
mate. T h c  ot1ir.r pro(liicts o f  hydrolysis, ~iietharit~l 
(removed by evaporation) aiid glycolic aldehyde, 
did not interfere in the i d a t i o n  of this ester which 
was identified by clcineiita-y malysis and by its 
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TABLE I 
SPECIFIC ROTATIOXS OF THE PRODUCTS OF THE PERIODIC ACID OXIDATION OF THE METHYL HISXOPYRANOSIDES A N D  A ~ E I X Y L  

PENTOPYRAXOSIDES, OF THE ALCOHOLS OBTAINED B Y  HYDROGENATION A N D  OF THEIR DERIVATIV~S 
Alcohol 

Methyl 0-p-Nitro-  
glycoside Dialdehyde Refractive 0-Benzoate benzoate 

-cz-D-G~uco-~~ +155,4O $121.1' - 9 .9 '  1.4660 -21.8" -23.6'  
- p - ~ - G l t t c o - ~ ~  - 30.3 -141.1 4-11.4 1.4650 +21 8 4-24.2 

Methyl pyranoside [alZoD (HzO) [ a I z 0 D  (H10) [ a ] t o D  (E tOH)  index (20')  [CT]~OD (E tOH)  [cY]*~D (CHCh) 

-a-D-Manno-'* + 79.0 +121.5 - 8 . 6  1.16.55 -20 .2  -24. ( i  
-8-D-Manno- isopropyl - j l , 1  - 145.9 + l o .  7 1 ,4648 + 2 2 . 3  + L ' ~ . O  
-a-D-Galacto- monohydrate" +172.8 4-118.4 - 1 0 . 3  1.4653 -21 .3  --24.:3 
-p -~ -Ga lac to - '~  =k 0 . 0  -144.1 +10.8  1.4650 +21.1 f 2 3 . 2  
-a-D-XY10-16 f 1 4 9 . 4  +122.6 - 6 . 9  1.4410 . , . . - 10. 0 
-p-~-xylo-16 - 63.0 -122.0 + 7 . 5  1.4410 . . . . 1 1 1 . 4  

-p-L-Arabino-12 +235 +122.7 - 6.9 1.4421 - 10.2 
-a-L-Arabino-16 + 1 9 . 7  -122.1 + 6 . 8  1.4418 . . . . . +10.8  

melting point and mixed melting point with an au- 
thentic specimen prepared from glycerol. 17, 

The identification of glycolic aldehyde as such, 
in small amounts, presents difficulties. The usual 
aldehyde reagents such as phenylhydrazine yield 
an osazone, the diphenylhydrazone of glyoxal. On 
the other hand, in the case of the tris-0-benzoates 
of alcohols IX and X (R = -COCsH5) the primary 
alcohol group of the glycolic aldehyde moiety is 
esterified. Consequently, one would deduce that 
hydrolysis of these tris-0-benzoates ( IX and X, R = 
-COC&) would yield in each case the benzoate 
ester cf glycolic aldehyde (XI,  R = -COC&) as the bis-0-p-nitrobenzoate. l 6 s L 7  

and by coniparison with an authentic specimen 
prepared from erythritol.IY 

The structure of the two hitherto unknown e i i a n -  
tiomorphic alcohols (VI1 or XV (R = H) and VI11 
or XIV (R = H)) derived from the pentose glyco- 
sides was proved in a similar manner as follows. 
Hydrolysis of the acetal linkages of these alcohols 
proceeded with ease (1 N hydrochloric acid a t  20') 
yielding in each case one molecule of ethylene glycol 
(XVI, R = H),  one of glycolic aldehyde (XVII, 
R = H) and one of methanol. In the hydrolysate 
from each alcohol ethylene glycol was characterized 

CHiOR CHzOR 
0 

HC1 
+ CHO + CHSOH +- CHiOR I 

CHiOR CHJOR 
ROCHz ROCHz 

lX XI1 S I  x 
R = --CO.C6H:, 

H H 

HC1 IiCl 

I 
+ CHzOH + CHO f CH30H CHzOR I 

CH20R CHiOR 
CHzOR 

ROCH:! ROCHz 
xv XVI XVII S V I  

R = - C O C ~ H ~ N O Z  

which should give rise to  a hydrazone. This proved As in the case of the trihydric alcohols V or I X  
to be the case. Esters IX and X were hydrolyzed (R = H) and VI or X (R = H), i t  was found ad- 
with ease a t  room temperature in aqueous acetic vantageous to establish the identity of the glycolic 
acid which was 1 21' with respect to hydrochloric aldehyde moiety in the alcohols VI1 or XV (R = 
acid. From the hydrolysate of each ester, glycolic H)  and VI11 or XIV (R = H), by hydrolysis of 
aldehyde benzoate (XI, R = -COC&) was ob- their esters, the bis-O-p-nitrobcnzoates XV (R = 
tained as the crystalline 2,4-dinitrophenylhydra- COCsH4N02) and XI17(R = COC&N02). The 
zone. The identity of this 2,4-dinitrophenylhy- O-p-nitrobenzoate of glycolic aldehyde (XVII 9 R = 
drazone was established by elementary analysis -COC6H4N02) SO formed was isolated as the 2,1- 

dinitrophenylhydrazone which proved to be identi- 
(11) F. Smith and J. w. van Cleve, T~~~ JOURNAL, 77, 3159 (1955). cal with an authentic specirnen of the 2,4-cliIlitro- 
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Experimental 
Oxidation of the Methyl Hexopyranosides with Pe- 

riodic Acid.-To a solution of methyl hexoside (2.5 9.) in 
A .  
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water (15U inl.)  was added 1 S periodic acid (70 mI.1. The 
niixture was diluted quickly to  250 ml., shaken to  uniformity 
and  allowed to  stand at room temperature. Part  of the re- 
action mixture was poured into a 4-dm. polarimeter tube 
and the changes in optical rotation were observed. IVhen 
the rotation had assumed a constant value (2-4 hours) an  
aliquot of the reaction mixture was titrated with standard 
sodium arsenite solution according to the method of Fleury 
and Lange.2' I n  each case the titration revealed tha t  two 
moles of periodic acid had been consumed per mole of glyco- 
5ide.6 

Isolation of the Dialdehyde D-Hydroxymethyl-D'-(I)- 
and -1.'-(11)-Methoxydiglycolic Aldehyde.-The aqueous 
rcaction mixture from above, which contained excess pe- 
riodic acid, iodic acid and the dialdehyde, was neutralized 
with it  saturated solution (20") of barium hydroxide using a 
slight cxcess (tested with phenolphthalein), the excess being 
neutralized with a piece of solid carbon dioxide (Dry  Ice). 
The precipitated barium salts were filtered off, washed with 
water, antl the filtrate mas evaporated in z'acun (bath,  40- 
4.5" a t  first, 35' in final stage of evaporationZz) to dryness. 
Extraction of the residue with liberal quantities of ahsolute 
:ilcoliol a t  room temperature gave a solution which was 
olnrified with activated charcoal ( the barium periodate and  
bariuni iodate werc removed quantitatively in order to avoid 
possil)le interference a t  the elevated temperature of the sub- 
wquent  catalytic Ii>.drogenation). The clear solution was 
cvaporated in z'ncz/m (ba th ,  35 -40" a t  first, 35" in final stage 
of cvapor;itionz2) to  a clear sirupy residue. This sirup gave 
:i rathcr weak aiid s10:vly developing Schiff test and a nega- 
tive Peliling test.z3 

Catalytic Hydrogenation of the Dialdehydes I and I1 to the 
Corresponding Alcohols, D-Hydroxymethyl-D'-(V)- and -L'- 
(VI)-Methoxydiethylene Glycol.-The sirupy dialdehyde, 
ohtained as described above, was transferred with the aid 
of 70 tnl. of absolute ethanol to the stainless steel container 
of tlie hyilrogcnation hoinh, 1..5--2 g.  of Raney nickel cata- 
I!,st w:t\ added ,  antl the bomb WLL: sealed. Hydrogenatioii 
WIS allowcd to  proceed a t  1000-2000 pound: per square inch 
pressire ;at ii tcinperature of 110-12OC, with mechanical 
iliakiiig, for R - i i  hours. 

The reduced solution from tlie cooled bomb was treated 
with ;I little activated charcoal and filtered. The  filtrate 
was evaporated to  tlryness in wzczm (ba th ,  35-40') and the 
r c s i t l ~ i e ~ ~  (which gave no appreciable Schiff test)  was trans- 
ferred, with the aid of methanol, to  a small flask for distilla- 
tioii i n  high v:~cuum. The main fraction, methoxyhydroxy- 
rnetliyltlictl~ylene glycol, was obtained as a clear, viscous, 
colorle<i sirup wliich distilled without decomposition b.p. 
(bath temp.i  170-180" (0,001 min.) ,  yield 807, or better. 

Reduction of o-Hydroxymethyl-D'methoxydiglycolic Al- 
dehyde (I)  with Sodium Borohydride.-To a solution of the 

(1.4.5 g . ) ,  obtained from metti>-1 a-D-glucopy- 
water (50 ni l . ) ,  sodium borohydride (0.4 g.)  was 

iitltlctl i n  por t iox  tiurixg 1 hour. The following changes in 
rotation were observed: (1  dm. tube! f2.45" (after 5 min . ) ,  
-1.25" ( I 5  niin.). -0 .5" (20 niin.i,  +0.06" (30 min.) .  
-i).li(i' ( t i 0  rniu. I ,  -0.36" ( 2  hours] constant value. 
After kceping R further 1 hour a t  room temperature the solu- 
tioii x i s  neutralized with carbon dioxide (tested with phenol- 
plitlialein) anti evaporated (bath temp. 35-40 ") in vacuo to  
dryne\s. The residue was extracted with hot ethanol giving 
:t turbit1 solution ~rhicli wai cooled and centrifuged. The  
clear solution thus obtained was evaporated to dryness in 
rnruo  giving o ' - ine t l iox~hydrox~-nie th~~ld ie th~~lenp  glycol 
( \ ' I  as a clear colorless liquid (1.1 g . ) ,  b.p. (bath temp.) 
173" !i).ool n i i i i . ) ,  ~ 2 2 1 )  1:$65O, [ a / %  -10" in water ( c  
2.2) .  . Inn / .  Calcd. for CCHI~O,;  C .  43.4; H, 8.4: OCH?, 
18.7 I'ound: C,  .43.5; 13, 8.1; OCHa, 35.8. This high 
~nethoxyl value is believed to  he due to the fact tha t  cleavage 
of the molecule by hydriodic acid is accompanied by reduc- 

( 2 1 )  P. 1'le:iry :rncl J .  I.ange, .I h i i o r m .  ~ - / i i i i i . ,  [SI 17, 107 (19381. 
(22)  I t  i v a s  filiintl irnjxirtant t o  keel, the  ha th  temperature strictly 

within these limits 
2 3 )  1'1, :L\ oid deterioration in aqiieous solution o f  this sensitive 

d i : , I ~ l ~ h v d e ,  It w i i ~ ~  foilnd desiralile t o  isolate and  tranifer it to the  an-  
l i i i i ra) l~> r th . inc , l  5oi:ition (for siihseriueiit hydrogeiiatiim: all in the  .am? 
( l i i i .  

it,nally t h i y  rcbiclut. ,lightly ticid 11, litmus. C o n s -  
i ~ c ! ~ ~ c i l l ~  l r i i t  hei<rre rlistillation unde r  hlch raciiiim a \mall amount  01 
I iuv ly  (11, ided lhitriiitn rarhrjnatc wa5 added t o  the  Ilruduct in order t u  
p m t e r t  the iicetal (rum c leavage 

.. ~ 

tioii so tha t  the CH3OH.CHO derived from Ci arid C, of the 
parent glycoside affords the extra molecule of alkyl halide; 
this would require OCHs (total), 37.35.25 

Benzoylation of Methoxyhydroxymethyldiethylene Glycol 
(V and VI).-To a solution of the sirup (0.15-0.20 9 . )  i n  an- 
hydrous pyridine (5 i d . )  was added benzoyl chloride (0.5 
ml.) and the  mixture was heated on the water-bath a t  80- 
90' for 30 minutes. The reaction mixture was allowed to 
cool to  the temperature a t  which crystallization of the ben- 
zoyl chloride-pyridine complex coirimenced and was then 
poured into 20 nil. ok saturated sodium bicarbonate solution. 
After a few minutes standing, the aqueous mixture, which 
contained oily droplets of the tribenzoate ester, was extr:ictctl 
twice with 20-ml. portions of chloroform. The  cornbiiietl 
chloroform extracts were washed three times with copioui 
amounts of water, dried over anydrous calcium chloride. and 
evaporated under diminished pressure. Residual pyridine 
was removed by evacuating for an extended period (ba th ,  60- 
80"). To the pyridine-free residue was added a little pe- 
troleum ether and a seed crystal. Crystallization, which 
commenced immediately, vias allowtl  to  go to completion 
overnight. The crude product (ca.  0.5 g . )  was recrystallized 
t \ro or three times from chloroform-petroleum ether to  give 
the pure tris-0-benzoate, m.p. 66-67' ( IX and S, R = 

p-Nitrobenzoylation of Methoxyhydroxymethyldiethylene 
Glycol (V and VI).-To a solution of the sirup (0.16 g.) in  
anhydrous pyridine ( 5  ml.) was added p-nitrobenzoyl chlo- 
ride (0.80 g., or l5070 of the theoretical amount) and the 
mixture wvas heated on the water-bath a t  SO-90" for 30 
minutes. The reaction rnixture was treated :is in the bcn- 
zoylation experiment above. The  crude product (yield 
0.35 g.) ,  recrystallized from chloroform-petroleum ether 
afforded the tris-0-p-nitrobenzoate ( R  = -COCsH4XO2), 
m.p.  110". 

The elementary analyses of the esters (tri-0-benzoates 
and tris-0-p-nitrobenzoates) of the enantiomorphic Forms 
of methox!.h!-rlroxymeth~ldiethyleue glycol are recorded i i i  
Table 11. 

Proof of Structure of D'-(V)- and of 1.'-(VI)-Methoxyhy- 
droxymethyldiethyiene Glycol. ( a )  Identification of the 
Glycerol Moiety Obtained by Acid Hydrolysis.-D'-(V)-or 
~'-(~I)-methoxyliydroxymethyldietl iylene glycol (0.15 g . )  
was dissolved in 3 i d .  of aqueous 1 .V hydrochloric acid. 
After standing for 15 minutes the solution showed no optical 
activity and was neutralized with sodium bicarbonate. I t  
was evaporated to  dryness under diminished pressure anti 
the residue \vas extracted with absolute alcohol. T h e  nlco- 
holic extract w:is evaporated to  dryness in mczm and tlic 
resulting residue was dissolved in 5 inl. of anhydrou. pyri- 
dine. To  the solution was added p-nitrobenzoyl chloride 
(0.76 g., or 1507, of the theoretical amount) and the mix- 
ture was heated on the n-ater-bath a t  80-90" for 20 minutes. 
The cooled reaction mixture was poured into 20 nil. of snt-  
iirated aqueous sodium bicarbonate soliltion. A n  oil sepa- 
rated which soon solidified. The solid material was filtered 
off. washed with water, and dissolved in lC0 ml. of chloro- 
form. The chloroform solution was dried over anhydroui 
calcium chloride, decolorized with a little activated charcoal 
and concentrated to  a small volume. Petroleum ether was 
added to turbidity and the addition of a seed crystal caused 
the slow crystallization of 0.31 g. of the product. Re- 
crystallization, once from chloroform-petroleum ether and 
once from hot ethyl acetate, gave glycerol tris-0-p-nitro- 
benzoate, m.p.  197.5" alone or in admivture with an authen- 
tic specimen.".'j 

. lnal. Calctl. for C?4H,:O12Sq: C ,  3 . 4 ;  €1, 3 . 2 ;  S, 7.8.  
Found: for glycerol tris-0-p-nitrobenzoate obtained: ( a )  
from D'-methoxyhydroxymethyldkthylene glycol (\: or I S ,  
R = €1): C, 53.4; H, 3.1; S, 7.6, and ( b )  from r-'-inetIi- 
oxyliydros~meth~ldiethylene glycol (\-I or X ,  R = H):  
c ,  53.6; €{, 3.6; Y ,  7.5. 

(b )  Identification of the Glycolic Aldehyde Moiety Ob- 
tained by Acid Hydrolysis.-To a solution of the tri-0-beii- 
zoate of ~'-1s ( R  = COCsFIs)- and of L'-S i R  = COCaH:,j- 
methoxyhydroxyniethyldiethylene glycol (0.09 g.)  in glacial 
acetic acid (2.75 mi . )  was ;idded coneelitrated hydrochloric 
acid (0.25 nil.).  The  resulting solution became optically 
inactive in a few minutes and to it was then added 2,1-di- 
nitropheii~-lhydrazitle (0.05 g , ) .  In a few second.;, crystal- 

-COCRHsj. 

The specific rotations are given in Table I .  
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TABLE I1 
ELEMEXTARY ASALPSES OF THE ESTERS OF THE ENANTIOMORPHIC ALCOHOLS DERIVED FROM THE METHYL GLYCOSIDES 

O-Benzoate26 0-p-hTitrobenzoate2'a.b 
Parent  methyl  glycoside Diethylene glycol Carbon Hydrogen Carbon Hydrogen Piitrogen 

a-D-Glucopq-ranoside D'-Methoxyhydroxymethyl- 6 7 . 5  5 . 5  5 2 . 8  3 . 9  7 . 0  
n-u-~.lannop~-rarioside ~'-Methoxyhydroxymethyl- 6 7 . 5  5 . 9  52 .8  3 . 9  7 . 1  

3-D-Glucopyranoside L'-Methoxyhydroxymethyl- 6 7 . 5  5 . 5  j 2 , 8  4 . 1  7 . 1  
0-D-Mannopyranoside L '-Methoxyhydroxyrnethyl- 6 7 . 8  5 . 6  5 2 . 7  3 . 6  6 . 9 5  
a-o-Galactopyranoside I,'-Methoxphydroxymethyl- 67 .6  5 . 5  52 .7  3 . 9  7 . 2  

a-D-Galactopyranoside D'-Methoxyhydroxyrnethyl- 67 .9  5 . 9  52 .9  3 . 9  7 . 2  

a-D-Sylop yranoside ~ ' - M e t h o x y -  
3-~-Arabinopyranoside D '-Methoxy- 
B-o-Xylop yranoside ~ ' - M e t h o x l -  
01-1 -Arabinopyranoside ~ ' -Methoxy-  

lization of the deep yellow hydrazone commenced and pro- 
ceeded rapidly to  completion. The product (0.05 9.) w%s 
recrystallized from chloroform-petroleum ether, m.p. 188.5 . 
A mixed melting point with an  authentic specimen of O-ben- 
zoylglycolic aldehyde 2,4-dinitrophenylhpdra~one'~ gave 
no depression. 

.4nal. Calcd. for *C1,KlnOeNa: C ,  52.3; H ,  3.5; S,  
16.3. Found: For the hydrazone obtained from: (a) the 
tris-0-benzoate of D'-methoxphydrovymethyldiethylene gly- 
col: C ,  52.1; H ,  3.7; N, 16.5, and (b)  the tris-0-benzoate 
of L'-methoxghydroxymethyldiethylene glycol: C ,  52.4; 
H ,  3.6; N,  16.0. 

Oxidation of the Methyl Pentopyranosides with Pe-  
riodic Acid -The carefully purified crystalline methyl 
pentoside was oxidized in aqueous solution with periodic 
acid in the manner described for the methyl hexosides. 
After standing for a period of time, beyond which no further 
change in rotation was observed, the reaction mixture was 
shown by titration of a n  aliquot with standard sodium ar- 
senite solutionz' to  have consumed two moles of periodic 

B. 

acid per mole of glycoside. 
Isolation of the Dialdehydes D'-Methoxydiglycolic Alde- 

hyde (111) and L'-Methoxydiglycolic Aldehyde (IV) .-This 
was effected in the manner described for the isolation of the 
dialdehydes from the methyl hexosides. The materials, 
colorless thin liquids, gave a negative Fehling test but a 
strong Schiff test. 

Catalytic Hydrogenation of the Dialdehydes and Forma- 
tion of D'-(VII)- and L'-(VII1)-Methoxydiethylene Glycol.- 
The dialdehyde, dissolved in absolute ethanol, was hydro- 
genated in the presence of Raney nickel in the same manner 
as described above for the dialdehydes ohtained from the 
methyl hexosides. The products, D'- and L'-methoxydi- 
ethylene glycol, obtaiued in good yield (80y0 or better) 
distilled without decomposition (b.p. (bath temp.) 110- 
120" (0.01 rnm.)) (see Table I ) .  

Reduction of the Dialdehyde I11 with Sodium Borohy- 
dride.-IVhen the dialdehyde obtained from methyl WD- 
sylopyranoside (10 g.)  in water (600 ml.) was treated with 
sodium borohydride (2.4 g.), the rotation (1-dm. tube) 
changed from +1.60" t o  -0.05". The excess of sodium 
borohydride was decomposed with carbon dioxide and the 
solution was concentrated i n  mcuo to  a sirup. The latter 
was extracted with ethanol and the solvent distilled in 
vacz~o.  Methanol was added and distilled in vacuo t o  remove 
borates. The process was repeated four times. The sirupy 
product was finally distilled in vacuo giving D'-methoxydi- 
ethylene glycol (1.11) as a colorless liquid b.p. (bath temp.) 
130-140" (0.001 tnm.), nz4D 1.4143, [a]*'D -6.9" in ethanol 
(c 0.6) (yield 5 . 5  g.j. 

.1nal. Calcd. for CjH1204: C,  44.1; H,  8.8; OCHJ, 
22.8. Found: C ,  44.2; H,  9.6; OCH3, 41.3. 

The high methoxyl value is presumably due to  the forma- 
tion of an extra mole of alkyl halide produced from the two- 
carbon fragment that  is derived from C1 and C2 of the 
original sugar molecule: this would require OCHl, 45.6 .** 

Acetylation of the dihydric alcohol (pyridine and acetic 

126) Calcd. for  the tris-0-benzoate of the methoxyhydroxymethyldi- 
ethylene glycols, CVHZLOI: C ,  67.8;  H ,  5 . 5 ,  

(27) (a)  Calcd. for the rris-0-p-nitrohenzoate of methoxyhydroxy- 
rnethyldiethylene glycol, C?;H%aOirNs: C. 52.9;  H ,  3 8 ;  N, 6.9. 
(h) Calcd. for the his-0-fi-nitrohenzoate of methoxy-diethylene glycol, 
C~nHiaOioNr: C, 5 2 . 5 ;  H ,  4 2 ;  N, 6 . 5 .  

(28) T h i s  material was prepared by RIr .  C .  U'. Huffman. 

. .  , .  52.6  4 . 5  6 2  

. .  . .  52.7  1 . 6  6 .3  

. .  . .  52.6 4 . 2  6 . 4  

. .  . .  52.5  4 4  6 4  

anhydride) provided an  almost quantitative yield of the 
corresponding di-0-acetate as a colorless liquid b .p .  (bath 
temp.) 105-107" (0.001 rnm.), nZ5D 1.4286, [ a ] ~  + O 0  in 
chloroform. 

Anal. Calcd. for C.&1606: C ,  49.1; H, 7.3. Found: 
C,  49.0; H ,  7.7. 

The alcohol regenerated from this di-0-acetyl derivative 
by treatment with sodium methoxideZ8 had b.p. 112-114" 
(bath temp.) (0.005 mm.), n Z 6 ~  1.4432 and showed [ a I z 3 ~  
-7.5" in ethanol ( c ,  2.0). 

p-Nitrobenzoylation of D'- and L'-Methoxydiethylene 
Glycol (VI1 and VIII).-To a solution of the sirup (0.16 g.) 
in anhydrous pyridine ( 5  ml.) was added p-nitrobenzoyl 
chloride (0.60 g., or 150y0 of the theoretical amount) and the 
mixture was heated on the water-bath at 80-90" for 45 
minutes. The cooled reaction mixture was poured into 20 
ml. of saturated sodium bicarbonate solution. Almost im- 
mediately the oil, which separated, crystallized out to  form 
a flocculent precipitate. The precipitate was filtered, 
washed well with water and dried on the funnel by aspirating 
air through it .  When twice recrystallized from chloroform- 
petroleum ether the product melted a t  112-113'. 

The elementary analyses of the bis-0-p-nitrobenzoates 
(XIV and XV, R = -COCsH~iYO~) of the enantiomorphic 
forms of methoxydiethylene glycol are recorded in Table 11. 
The specific rotations are given in Table I .  

Proof of Structure of D'-(VII)- and of L'-(VII1)-Methoxy- 
diethylene Glycol. ( a )  Identification of the Glycol Moiety 
Obtained by Acid Hydrolysis.-A solution of D'- or ( L ' ) -  
methoxydiethvlene glycol (0.15 9.)  in 3 ml. of 1 N aqueous 
hydrochloric acid was allowed t o  stand for about 15 minutes 
whereupon it became optically inactive. The inactive solu- 
tion was neutralized with sodium bicarbonate solution and 
evaporated t o  dryness i n  vaczio (bath,  40-45"). The residue 
was dissolved in anhydrous pyridine ( 5  ml.) and p-nitro- 
benzoyl chloride (0.61 g., or 150% of the theoretical amount) 
was added. The mixture was heated on the water-bath a t  
80-90" for about 15 minutes. The cooled reaction mixture 
was poured, with stirring, into 40 ml. of saturated sodium 
bicarbonate solution. The flocculent precipitate was 
filtered, washed well with water and dried. The crude 
product was dissolved in a rather large volume of chloro- 
form and the resulting brownish solution was decolorized 
with activated charcoal. The clarified solution was evap- 
orated to  dryness in vacuo and the residue was dissolved in 
hot ethyl acetate. T o  the resulting solution, concentrated 
to  a small volume, ether was added causing the rapid for- 
mation of large flaky, lustrous crystals of ethylene glycol- 
bis-0-p-nitrobenzoate, m.p. 146' alone or in admixture with 
an  authentic specimen of ethylene glycol-bis-0-p-nitroben- 
zoate.]7J8 

Anal. Calcd. for ClaHln08To: C,  53.4; H, 3.4; S,  7.8. 
Found: for ethylene glycol bis-0-p-nitrobenzoate obtained 
from: (a )  D'methoxydiethylene glycol: C,  53.8; H ,  
3.7; N, 7.8, and (b)  L'-methoxydiethylene glycol: C ,  53.2; 
H, 3.6; K, 8.1. 

(b)  Identification of the Glycolic Aldehyde Moiety Ob- 
tained by Acid Hydrolysis.-To a solution of the bis-0-p- 
nitrobenzoate ester of D'-(XV)- and of L'-(X1V)-methoxp- 
diethylene glycol (0.08 g.)  in 2.75 ml. of glacial acetic acid 
was added concentrated hydrochloric acid (0.25 ml.). 
T o  the optically inactive solution, which gave a weak 
Schiff test, was added 2,4-dinitrophenylliydrazine (0.55 g. ,  

(29) G. Zernplfn, Ber. ,  69, 125-1 (1926); 60, 1355 (1827). 
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or 150% of tlic theoretical amoutit). The canary-yellow .dnnl. Calcd. for C I ~ H ~ ~ O ~ S ~ :  C, 46.:3; H ,  2.9; S ,  
crystallirie hydrazone formed immediately. I t  was filtered 15.0. Found for the hydrazone obtained from the bis-0- 
off, washed with a little glacial acetic acid, then with ether. p-nitrobenzoate ester of: ( a )  D'-methoxydiethylene glpcol: 
Recrystallized from chloroform-petroleum ether, the hydra- C ,  46.3; H, 3.2; s, 17.7, and (b )  L'-methoxydietIi~letie 
zone melted a t  189-190". A mixed melting point lvith an  giycol: C ,  46.5; H ,  3.1; 1, 18.1. 
authentic specimen of 0-p-nitrobenzoylglycolic aldehyde 
2,4-dinitrophenylhydrazoneZo gave no depression. ST. PAUL, MISSESOTA 

Two 3-Epimeric Ketononosesl 
BY 11. L. I i 7 ~ ~ ~ ~ ~ ~ f  AND HARRY B. L~-ooD,  Jr< 

RECEIVED OCTOBER 1, 1 R X  

Thi. synthesis of D-crythro-L-inanno-tionulose (D-arabino-L-tngcito-nonoscr, I) and of D-erytizro-L-gl~~co-tionulose ( D - U ~ U ~ ~ X U - L -  
sorbo-nonose, I I ) ,  the first known ketononoses, is described. They were prepared by acetylation of the corresponding 2- 
cpimeric aldooctonic acids t o  give the fully acetylated acids which were conwrted to  their acyl chlorides and these with diazo- 
tncthane yielded the diazomethyl ketones Thp latter were transformed into the kclo-acetates v-hich on deacetylation yielded 
the kctononoses (amorphous). These sugars wcre non-fermentable by yeast (Sncciznroiizyres) 

In continuation of our work oti the preparation 
of higher ketoses, we report herein the synthesis of 
two sugars, the first known ketononoses, designated 
D-erythro-L-manno-nonulose (D-arabino-L-tagatc-no- 
nose, I'i and D-el,?ithro-L-g?iico-nonulose (D-ayabino- 
1,-sorbo-nonose, 11 i from D-erytliro-I=manno-octonic 
:.?id and D-er3.'thro-L-g?uco-oct~)~ic acid, respectively. 
The reactim sequence employed was 

SOClL CH,S?  
K-CO2II -+ RCOCl - 

CHzOH-( CHOH)6-CO-CH?OI-I 

wliercin K = CI-I?OCOCHA--r CHOCOCH:j Is-. 

I-I H OH OH II H 

011 OH H H (IH OH 1 '  
0 

€IOCH--C---C --C- -C--C-C-C --CHzOH 

I ,  o - c ~ r q ' t h r o - ~ - t ~ z i i n ~ z ~ ~ - ~ o ~ i ~ ~ l ~ ~ c  ( i~ -nmb~i zo -~ - tngn to - t ionose )  

H I-i OtI OII €1 OH 
IIOCH2---C--C -C-- c -c---c-C-cH?oI1 

OH OH H H OH H 
0 

11, n-erq'thro-L-giiico-Nollnlo~e (D-arebino-L-sorbo-noiiose) 

'Thn s tv t ing  point of our synthesis was  man- 
rise, which was converted to D-gl3fcero-D-ga?acto- 
heptose 

€I F 1  OH OH H H 

OH OH €I I3 OH 
13 H2 C- - -C ~ .-C-. -C- .-C- - C - 0  

either through the cyanohydrin reaction' with sub- 
sequent reduction of the aldonolactone to the aldose 
stage, or, more directly, through the nitromethane 
p r o c e d ~ r e . ~  The configuration of D-glycero-D-gal- 
acto-heptose was established by Peirce5 and the 
sugar was characterized further by Xlontnxnery and 

(1) Paper  No. 1.5 in the ?cries entitled "The Action of Uiazonlethanc 
iipon Acylic Sugar  Derivatives"; previous communication, M. L. 
U'olfrom, J. &I, Berkebile and A. Thompson, THIS JOURNAL, 7 4 ,  21R7 
( 1 Q.52 ) 

l'ischer and .T I l i rcchherger ,  Bcr , 22 ,  36.5 ( lSS!Jl .  
Fischer and F. Pasirnore, ? h i d . ,  23, 2226 (1890). 

( I )  1 C Sowden  a n d  R Schaffer. THIS J ~ I I R K A L ,  73, 4062 (19.51) 
;.ii (:, I'PITCC .I A z d  f h r i i t  , 2 3 ,  :3!i 'I!il:!, 

H~ic!~) i i .~  One of the two possible aldooctonic 
acids (n-erytlzro-L-manno-octonic acid), obtainable 
throuyh the cyanohydrin reaction on D-glycero-D- 
galacto-heptose, was isolated by Fischer and Pass- 
morc. Its configuration was established by 
Peircej and confirmed by Hudson and co-workers.' 
The %-epimer of this acid (D-eryfhro-L-gluco-octonic 
wid)  was described first by Karabinos, Hann and 
Hudson,8 who further characterized these 2-epi- 
riieric aldooctonic acids and described the crystal- 
line heptaacetate of D-erythro-L-manno-octonic acid. 

In the ~-erytl~rc-~~-nzanno-nonulose series, all of 
the intermediates iu our synthetic scheme, except 
the keto-octaxetate, were obtained in crystalline 
fmm. In  the n-er3lthro-L-gluco-nonulose structure, 
the acyl halide and the Keto-acetate were not crystal- 
lized. Unfortunately, the two final products, the 
unsubstituted ketononoses I and 11, resisted crys- 
tallization. The molecular rotations of the ketono- 
noses are those predictable from their structuresg ; 
that of n-erythro-L-gluco-nonulose (270 X - 47.2' = 
- 1 2 , i O O  I falls between the values - 14,100 and 
-- 10,SOO established for L-g2uco-heptuloseIo and 
D-g??'cero-L-gluco-octulose, l 1  respectively, of like top 
structure, while that of D-crythro-L-manno-nonu- 
lose (270 X - 20" = - 5,400) compares favorably 
with those, -6,100 and -4,100, of the ketohep- 
toseg>'? and ketooctose,'l respectively, of like struc- 
ture. 

The diazomethyl ketones mere obtained in pure 
form only by the application of chromatographic 
techniques, utilizing silicate columns. Their con- 
taminants were probably the methyl esters of the 
acetylated octonic acids, the syntheses of which are 
described. The infrared spectra of the diazomethyl 
ketones were determined. The bands characteristic 

(6) Edna lf, 3fontgomery and C. S .  Hudson, THIS J O U R N A L ,  6 4 ,  

(7)  R. If IIann, 11'. D. Rldclay,  A E. Kriauf and C.  S.  I I U ~ W J I I  ib id  

( 8 )  .I V Karahino., R. L f .  Hann and C. S FIudwn. i h i i  , 7 6 ,  4320 

(Ci) If. I,, TVolfrom and P. W. Cooper, i 6 i d . ,  7 2 ,  134.5 (10.50) 
(10) 0 nertrand and G ?,-itzherg, Coinp'. r e n d . ,  186, ! )2j  l l!J2Sl, 

' 1 1 )  R f .  I, \Tolfrom and F. W. Cooper, i b i d , ,  71, 2668 ( l W 9 ) .  

217 (1!142) 

61, l?lj8 f l O R 0 )  

(19.53,. 

TV. C .  Austin, THIS JOURNAL, 62,  2106 (1930). 

12, 1:. 13. LaVorge. J Bioi. Chcin., 28, ,511 (1017). 


