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esters containing triple bonds at some distance from 
either end of the chain would be resolved only with 
great  difficulty. This could account for  the inabili ty 
of Miwa et al. and Lefor t  et at. to resolve 18 :T6 and 
18 :T9. The reported inabili ty to resolve monoenoic 
positional isomers by GLC may be due to the fact  
tha t  the compounds studied most thoroughly have also 
been of long chain length with the double bond near  
the middle of the molecule. Pre l iminary  studies by 

us with the positionally isomeric cis-nonenoie esters 
have shown that  tlhey too are resolvable by GL(L 

I t  has been reported (1-3) that  18:0 precedes 18 :T9 
on the polar DEGS column, but follows it oil the 
nonpolar Apiezon L column. In  the present study, the 
nine carbon aeetylenic esters were eluted from both 
the DEGS and Apiezon L columns af ter  their 
saturated counterpart .  The observation (1-3) that  
the relative retention times of the aeetylenie esters are 
greater  on the polar column than on the nonpolar 
column was confirmed, however. 

By  plott ing the log retention time versus carbon 
number of 18 :T9 and 22 :T13, Zeman obtained a line 
parallel to those for the saturated and monoenoic es- 
ters. F rom this he concluded that  the behavior of the 
triple bond esters was similar to tha~ of the other 
classes of esters and that  log plots could be used to 
easily identify aeetylenic esters. The two esters he 
chromatographed had their  tr iple bond near  the cen- 
ter  of the molecule. F rom the results of the present 
study, it is unlikely that  long chain acetylenic esters 
with their tr iple bond near  either end of the mole- 
cule would fall on this line. 

A C K N O W L E D G M E N T  

Dr.  Raymond  Reiser made available the gas chromatographs  used 
in this study.  

Supported in p a r t  by a g r a n t  from the Organized Research  F u n d  
at  Texas A&lV[ Univers i ty  and  by a g r a n t  (AM-06011) from the 
N a t i o n a l  I n s t i t u t e s  of Heal th.  

R E F E R E N C E  S 

. Zeman, I., J .  Gas Chrom. 3, 1 8 - 2 0  (1965) .  
• Miwa, T. K ,  K. L. ]VIikolajczak, F. R. Earle  and  I. A. WOlff, 

Anal.  Chem. 89, 1739 -42  (1960) .  
3. Lefort,  D ,  A. Pourehez and  C. Faquet ,  Journees  In tern .  Etude  

Methodes Separa t ion  Immediate  Chromatog.  Pa r i s  1961, 3 1 9 - 2 3  
(PubL 1962) ;  C. A. 59, 13351o (1963) .  

4. Roomi, ~ .  W., M. R. Subba ram and  K. T. Achaya,  J .  Chromatog.  
16, 106 -110  (1964) .  

5. Knight ,  J. A., and  g. :I-L Diamond,  J .  Org. Chem. 24, 4 0 0 - 3  
(1959) .  

6. Wotiz, J .  H ,  and  E. S. H u d a k ,  J .  Org. Chem. 19, 1 5 8 0 - 8 3  
(1954). 

7. DeBoer, T. J., and  H.  J .  Backer ,  Rec: t rav .  chim. 73, 2 2 9 - 3 4  
(1954) .  

8. Litchfield, C., R.  Reiser  a n d  A. F. IsbelI, JAOCS 40, 3 0 2 - 9  
(1963) .  

[ R e c e i v e d  J u n e  1, 1 9 6 5 - - A c c e p t e d  S e p t e m b e r  3,  1 9 6 5 ]  

Preparation of Some Linseed Esters of Methyl a-D- 

Glucopyranoside Using the Methoxycarbonyl Blocking Group 
E. J. DUFEK and W. J. De]ARLAIS, Northern Regional Research Laboratory, 2 Peoria, Illinois 

Abstract 
The three possible methoxycarbonyl derivatives 

of methyl 4,6-0-benzylidene-a-D-glucopyranoside 
have been prepared. The methoxycarbonyl at the 
C2 position in the 2,3-di-O-methoxycarbonyl de- 
rivative is removed selectively in anhydrous am- 
monia. The ability of the methoxycarbonyl  group 
to block selectively the Ce hydroxyl  in methyl 
glueoside has been utilized to synthesize some 
mono-, di-, and tri-linseed esters of methyl  glu- 
coside. The use of this new blocking group has 
permit ted the first synthesis of some unsaturated 
esters of methyl glueoside. 

ECENT WORK at the Northern Labora tory  neces- 
sitated the use of some positionally distinct lin- 

seed acid esters of methyl a-D-glucopyranoside. Prep- 
1 Presented in pa r t  at  AOCS meeting in Minneapolis, ~ i n n . ,  1963. 

A labora tory  of the No, Utiliz. Res. Dev. Div., ARS, USDA. 

aration of the tetralinseed ester is s t ra ightforward and 
unequivocal. Prepara t ion  of part ial  esters, such as 
the 2,3-di-O-linseed and 2,3,4-tri-O-linseed aeyl esters, 
requires use of the 4,6-benzylidene and the 6-trityl 
groups as acid-removable blocking groups as is done 
in making certain acetates. Preparat ion of part ial  es- 
ters requiring blocking groups at the 2 and 3 positions 
or both, as well as at the 4 and 6 positions, is more 
difficult. Methyl 2- or 3-O4inseed aeyl-a-D-glueo- 
pyranosides are examples. Blocking groups used in 
the 2 and 3 positions are the tosylate (10), trifluoro- 
acetate (2,3), triehloroaeetate (8), benzyl ether (5),  
and the benzylthiocarbonyl group (14). 

The use of these groups was not feasible in this 
work. For  example, because the tosylate group is 
removed by hydrogenat ion or alkali, it is not suitable 
with linseed esters. Trifluoroaeetate and triehloro- 
acetate groups are subject to migration; neither is 
trifluoracetate stable to aqueous acid. The benzyl 
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group may be removed by hydrogenation, although 
not always easily (14), but hydrogenation is not 
desirable in making unsaturated compounds. The 2- 
O-benzylthioearbonyl 3-, 3,4-, and the 3,4,6-mono-, 
di-, and tri-benzoyl esters have been shown to be 
stable to aqueous acid and the benzylthioearbonyl 
group was removed readily with hydrogen peroxide 
or R aney nickel. These reagents, however, art  not 
suitable when olefinic unsaturation is present. 

This paper describes the use of the 0-methoxyear- 
bonyl group as a new and selective blocking group in 
the preparation of certain unsaturated esters of 
methyl a-D-glucopyranoside. 

Discussion 

Reactivity of the 2-O-methoxyearbonyl blocking 
group in liquid ammonia is demonstrated by synthesis 
of methyl 3-O-methoxycarbonyl-4,6-O-benzylidene-a- 
D-glueopyranoside by selectively removing the 2-0- 
methoxyearbonyl group from methyl 2,3-di-O-me- 
thoxyearbony1-4,6-O-benzylidene~a-D-glueopyranoside. 
Removal of the 2-O-methoxyearbonyl blocking group 
in basic media was used to synthesize three linseed 
esters of methyl a-D-glucopyranoside, namely: methyl 
3-O-linseed aeyl, 3,6-di-0-1inseed aeyl, and 3,4,6-tri- 
O-linseed acyl-a-D-glucopyranoside. 

Treatment of methyl 4,6-O-benzylidene-a-D-gluco- 
pyranoside (I) in benzene and pyridine solution with 
methyl chloroformate yielded a mixture of the two 
possible mono- and the di-methoxyearbonyl deriva- 
tives from which the methyl 2-O-methoxyearbonyl 
derivative (II) was obtained by crystallization in 
33% yield. Tosylation of II  followed by treatment 
with barium hydroxide gave the known methyl 3-O-p- 
toluenesulfonyl-4,6-O-benzylidene-a-D-glucopyranoside 
(VII) (9), which reaction confirmed the structure 
of II. Also obtained in the preparation of l I  was 
a small amount of methyl 3-O-methoxyearbonyl-4,6- 
O-benzylidene-a-D-glucopyranoside (III)  that melted 
at 186-187C with sublimation. Assignment of the- 
3-0-methoxycarbonyl structure to I I I  was based on 
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its eonversion to the 2~O-p-toluenesulfonyl deriva- 
tive (IV), followed by basic hydrolysis to the known 
methyl 2-O-toluenesulfonyl-4,6-O-benzylidene-a-D-glu- 
copyranoside (V) (9). 

Treatment of I with excess methyl chloroformate 
gave an 87% yield of methyl 2,3-di-O-methoxyear- 
bonyl-4,6-O-benzylidene-a-n-gtueopyranoside (VIII).  
When treated with liquid ammonia at its boiling point 
for 1 hr, VIII  gave a 91% yield of the 3-O-methoxy- 
earbonyl derivative (III) .  Since prolonged reaction 
of VII in liquid ammonia gave only the original 
starting material I, the 2-O-methoxycarbonyl group 
must be removed preferentially followed by removal 
of the 3-O-methoxyearbonyl group. 

Removal of the benzylidene group from II with 
hydrochloric acid in acetone solution gave 
In e t h y 1 2-O-methoxyearbonyl-=-D-glueopyranoside 
(IX), whieh failed to crystallize. The acid hydrolysis 
of II  demonstrates that the methoxyearbonyl group 
is stable to aeid, thus allowing removal of acid-sensi- 
tive blocking groups (sueh as benzylidene and tri- 
phenylmethyl) at positions 4 and 6. 

Treatment of II  with linseed acid chloride in pyri- 
dine produced a 96% yield of methyl 2-O-methoxy- 
earbonyl-3-O-linseed aeyl-4,6-O-benzylidene-a-D-glueo- 
pyranoside (X). 

CH20R .CH2011 

~- H CH3 ~ H CH3 
o ocH  OH 
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Q I  

1 2 " 3 4  
FIG. 1. Thin-layer chromatogram of linseed aeylation of 

methyl 4,6-o-benzylidene-a-D-glucopyrunosidc developed in 
25% ethyl acetate in hexane: (1) Crude acylation mixture; 
(2) compound XI;  (3) compound XXI; (4) compound XIX. 

When X was reacted with morpholine at room 
temperature  for  20 hr and when the morpholine 
was removed under  vacuum, the 2-O-methoxyear- 
bonyl group was lost. Methyl 3-O-linseed aeyl-4,6-O- 
benzylidene-a-D-glueopyranoside (XI )  was obtained 
in a 74.5% yield. This compound had the correct 
carbon and hydrogen analysis; however, its iodine 
value (I.V.) of 82.7 was 11.1 units lower than cal- 
culated. This lowering of I.V. is a t t r ibuted to some 
fraetionation taking place during the reerystalliza- 
tion of XI  from methanol. Because thin-layer chro- 
matography (TLC) showed only one spot (see TLC 
discussion) this product  was considered to be pure. 

FIG. 2. Thin-layer chromatogram developed in 50% ethyl 
acetate in hexane: (1) compound I I ;  (2) compound I I I ;  
(3) compound VII I ;  (4) compound IV; (5) compound ¥ ;  
(6) compound VI; (7) compound VII. 

Unequivocal s t ructure proof of X I  was obtained by 
first converting it to methyl 2-0-p-toluenesulfonyl- 
3-O-linseed aeyl-4,6-O-benzylidene-a-D-glueopyrano- 
side (XI I )  which was then hydrolyzed with barium 
hydroxide to the known methyl  2-O-p-toluenesulfonyl- 
4,6-O-benzylidene~a-D-glueopyranoside (V).  

Compound XI  was also obtained by reaction of X 
with liquid ammonia at the  boiling point, but  this 
procedure because of solubility problems is less con- 
venient than that  in which morpholine is used. By  
using diethyl amine as a solvent, a 54% yield of X I  
was obtained. Attempts  to remove the methoxyear- 
bonyl group from X with n-butylamine as the re- 
actant  and solvent for  the aminolysis gave linseed 
acid n-butyl amide. Attempts to use other bases, 
sueh as sodium acetate or sodium bicarbonate in 
methanol, resulted in a methanolysis reaction yielding 
the methyl esters of linseed aeids. 

Removal of the benzylidene group from X by aeidie 
hydrolysis gave methyl 2-O-methoxyearbonyl-3-O- 
linseed aeyl-a-D-glucopyranoside ( X I I I ) .  Treating 
X I I I  with morpholine at room temperature  gave 
methyl 3-O-linseed acyl-a-D-glueopyranoside XIV. 
The acid hydrolysis of X I  also gave X I V  as shown 
by TLC. 

When X I I I  in chloroform was treated with one 
molecular equivalent of linseed acid chloride follow- 
ing the procedure for the preparat ion of methyl 2,3,6- 
tri-O-benzoyl-a-D-glueopyranoside (1),  methyl  2-0- 
methoxyearbonyl-3,6-di-O-linseed acyl-a-D-glucopyran- 
oside XV was obtained in a 4t .1% yield. Allowing 
XV to stand overnight in morpholine gave methyl  
3,6-di-O-lillseed acyI-a-D-glueopyranoside (XVI)  in a 
68.4% yield. 

Similarly, when t reated with excess linseed acid 
ehloride, X I I I  was converted to methyl 2-O-methoxy- 
carbonyi-3,4,6-tri-O-linseed acyl-a-D-glueopyranoside 
(XVI I ) .  Compound X V I I  was also obtained in 
67.4% yield from IX  treated with excess linseed acid 
chloride. Compound X V I I  was then reacted with 
morpholine to yield methyl 3,4,6-tri-O-linseed aeyl-a- 
D-glucopyranoside ( X V I I I ) .  

During these syntheses extensive use was made of 
the TLC technique (Figs. 1-4).  With  the use of 
silicie aeid (Stahl type, see ref. 13) on glass plates 
and hexane, ethyl acetate, or mixtures of these as 
solvents and development distances of 10 era, no 
resolution of the component linseed aeid esters was 
observed. 

All reactions such as acidic hydrolysis to remove 
the benzylidene blocking group and as aeylations with 
linseed acid chloride were followed by TLC in order 
to complete the reaction. Af ter  being passed through 
an alumina or silicic acid column, each compound 
was analyzed by TLC to determine if any migration 
of groups had taken place. No procedure is reported 
in the Exper imental  section when migration of a 
group was observed. 

Based on TLC, little or no eleavage to linseed acid 
morpholide was observed in the reaction of the various 
methyl methoxyearbonyl linseed aeyl glucopyrano- 
sides with morpholine. In  the reaetion with morpho- 
line, and again based on TLC, little or no nfigration 
of the linseed group oeeurred if the reaction mixture 
was not heated. Traee amounts of the migration 
products when formed were removed successfully by 
passing the produet  through a silieie acid column. 

Acylation of I with one equivalent of linseed aeid 
chloride gave a mixture of the two possible mono- 
and the di-substituted linseed aeyl esters (Fig. 1). 
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The top spot was identified as the methyl  2,3,-di-O- 
1 i n s e e d aeyl-4,6-O-benzylidene-a-D-glucopyranoside 
( X I X ) .  X I X  was prepared  by diesterification of I 
with excess linseed acyl chloride. The second spot 
(most intense) was isolated by chromatographic  sep- 
arat ion on silieie acid. Because the C2 hydroxyl  in 
I is the more reactive, nlono-esterification should give 
methyl  2-O-linseed aeyl-4,6-O-benzylidene-a-D-~luco- 
pyranoside ( X X I ) .  Elemental  analysis and iodine 
values were correct for this compound. The third 
spot (faint)  was identified as X I  by comparison with 
an authenic sample p repared  f rom X by reaction 
with morpholine. The bottom spot (base line) was 
linseed acid. A similar TLC plate was obtained for 
the prepara t ion  of the mono- and di-nlethoxycarbonyl 
derivatives of I (Fig. 2). Again, the dimethoxyear-  
bonyl compound ( V I I I )  was shown to be the top spot 
by dimethoxyearbonylat ion of I. The second spot was 
shown to be the 2-O-methoxycarbonyl compound 
( I I )  by conversion to the 3-O-tosylate ( V I I ) ,  a n d  
the bottom spot was identified as the 3-O-methoxy- 
earbonyl derivative ( I I I ) .  Compound I I I  was identi- 
fied as the 2-O-tosylate (V). 

Among par t ia l  esters of the same degree of substitu- 
tion, those in which the most exposed hydroxyl  
groups were esterified exhibited the largest  Rf values. 
Such observations of the R~ values of the derivatives 
can provide confirmatory evidence of structure.  

Some work has been carried out on the removal 
of the 2,3-di-O-methoxycarbonyl groups to prepare  
methyl  4- and 6-mono-, and 4,6-di-O-linseed acyl-a- 
D-glueopyranosides. Based only on TLC, these com- 
pounds can be p repared  by  using the methoxycar-  
bonyl blocking groups, however, additional work must  
be carried out to confirm TLC results. 

We believe tha t  the methoxycarbonyl  group will 
prove to be quite useful in the syntheses of par t ia l ly  
aeylated sugars where the requirements are for  an 
acid-stable group removable with a mild base 
t reatment .  

Experimental 
Starting Materials 

All melt ing points were taken on a Kofler hot stage 
and are uncorrected. All solvent mixtures  are ex- 
pressed as v /v .  TLC plates were p repared  according to 
Stahl (13) with silieic acid (Br inkmann  Ins t ruments ,  
Inc. see ref. 15). The plates were developed in ethyl 
acetate, hexane, or in mixtures  of these solvents, and 
spots were detected with iodine vapor  (12). 

Alumina  (chromatography grade F-20, 80-200 
mesh, Aluminum Company of America)  and silicie 
acid (chromatography grade, 100 mesh, Mallinckrodt 
Chemical Co.) were heated overnight at 110C. Mor- 
pholine (Matheson, Coleman, and Bell Co.) and 
methyl  chloroformate (FMC Corp.) were purified by 
distillation before use. Pyr idine (J. T. Baker  Chem- 
ical Co.) was purified by distillation f rom sodium 
hydroxide. Methyl a-D-glueopyranoside (Corn Prod-  
ucts Co.) was used as received. 

Where no procedure is given, the compound was 
synthesized by s tandard  procedures. Acylations were 
carried out in anhydrous  chloroform-pyridine 
solutions. 

Linseed acid chloride (linseed acyl chloride) was 
prepared  f rom linseed acid (eq wt 279.8; I.V. 183.5) 
with phosphorous triehloride as the chlorinating agent  
(4). The linseed acid chloride was distilled through 
an all-glass fal l ing film still. The yields were 85- 
92% and 99-100% pure  as determined by hydrolysis 

FIG. 3. Thin-layer chromatogram developed in 100% ethyl 
acetate: (1) Methyl a-D-glucopyranoside; (2) compound I ;  
(3) compound IX; (4) compound XII I ;  (5) compound 
XIV; (6) compound XXII. 

and methanolysis reactions (bp 145-150C at 0.1 ram; 
I.V. 170.9). 

Linseed acid morpholide was prepared  by  the ad- 
dition of linseed acid chloride to morpholine. Af te r  
acidification and washing, the product  was purified 
by chromatography  on an alumina column. The 
water-white liquid had the following propert ies :  I.V. 
144.1; N ~  1.4875. Anal. Calc. for C22H39N02; N, 
4.01. Found :  N, 4.10. 

Methyl 4,6-O-benzylidenc-a-D-glucopyranoside ( I ) .  
Compound I was p repared  f rom methyl  a-D-gluco- 
pyranoside by  a s tandard  method (6). 

FIG. 4. Thin-layer chromatogram developed in 25% ethyl 
acetate in hexane: (1) Linseed acid morpholide; (2) com- 
pound X; (3) compound XII;  (4) compound XV; (5) 
compound XVI; (6~ compound XVII; (7) compound XVIII;  
(8) compound XX. 
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Methyl 2-O-methoxycarbonyl - 4,6-O-benzylidene-a- 
D-glucopyranoside (II). Methyl chloroformate (4.25 
g in 50-ml anhydrous benzene) was added in 20 rain 
to a rapidly stirred solution of methyl 4,6-O-benzyli- 
dene-~-D-glueopyranoside (14.2 g) in anhydrous ben- 
zene (100 ml) and pyridine (25 rot). The tempera- 
ture  was kept  below 20C. Af ter  addition was con> 
plete, the solution (set overnight) was decanted 
from a viscous oil, washed successively with several 
portions of warm water, dilute hydrochloric acid 
until  acidic, then with water till neutral  to litmus, 
and then dried with magnesium sulfate. Af ter  re- 
moval of the solwmt the residue was recrystallized 
from benzene (25 nil) and hexane (added to the 
cloud point) .  A second crystallization was made by 
adding ethyl acetate (15 ml) to the crystals and 
filtering rapidly to remove a small amount ( <  0.5 g) 
of insoluble 3-O-methozyearbonyl isomer (see below). 
After  the filtrate was heated, hexane was added to 
the cloud point. On cooling, the white needles (5.2 
g, 33.5%) had mp of 125-127 C and [~]~  + 99.0 ° 
(c 1, CHCla) .  Anat. Cale. for  C16HfoOs: C, 56.47; 
H, 5.88. Found :  C, 56.54; H, 6.26. 

Methyl 3-O-methoxycarbonyl-4,6-O-benzylidene-a-D- 
glucopyranoside (III). The small amount  of insoluble 
material isolated in the preparat ion of I I  was re- 
crystallized from ethyl acetate. The white crystals 
melted at 185-187C with sublimation taking place 
above 160C and 20 [a] n + 108"6° (e 1, CHCla) .  Anal. 
Calc. for C16H,_,oOs: C, 56.47; H, 5.88. Found:  C, 
56.36; H, 5.99. 

Ammonolysis of Methyl 2,3-di-O-methoxycarbonyl- 
4,6-O-benzylidene-a-D-glucopyranoside. In a three- 
necked flask equipped with an anhydrous ammonia in- 
let tube, a solid carbon dioxide condenser capped with a 
sodium hydroxide drying tube, and a magnetic st irrer  
was placed 16 g of VIII .  The flask was cooled to 
--40C and enough ammonia admitted rapidly  to dis- 
solve the s tar t ing material. Af ter  1 hr the ammonia 
was evaporated as rapidly as possible. E thy l  acetate 
was added to the solid residue and str ipped to dry- 
ness to remove trace amounts of ammonia. 

Recrystallization from ethyl acetate gave I I I  in 
91.2% yield, mp 185-187C with sublimation. No 
depression in mp was observed when mixed with the 
byproduct  obtained in the preparat ion of the 2-O- 
methoxyearbonyl isomer. 

Ammonolysis of V I I I  for 6 hr as described gave a 
quantitat ive yield of methyl 4,6-O-benzylidene-a-D- 
glucopyranoside. 

Methyl 2-O-p-toluenesulf onyl-3-O-methoxycarbonyl- 
4,6-O-benzylidene-a-D-glucopyranoside (IV) was pre- 
pared from III .  The white needles from ethanol 
melted at 110-111C; [a]eD ° + 45.2 ° (C 1, CHCla) .  
Anal. Calc. for  C2aH26OloS : C, 55.87; H, 5.26. Found:  
C, 55.94; H, 5.46. 

Methyl 2-O-totuenesulf onyl-4,6-O-benzytidene-a-D- 
glucopyranoside (V) was prepared from IV and X I I  
by t reatment  with a theoretical amount  of barium 
hydroxide in methanol. Af te r  acidification followed 
by rccrystallization from aqueous methanol the white 
needles melted at 152-154C. The mp for this com- 
pound reported in the l i terature is 153-154C (6,11). 
Anal. Calc. for C,~He4OsS : C, 57.79 ; H, 5.50. Found  : 
C, 57.71; H, 5.83. 

Methyl 2-O-methoxycarbonyl-3-O-p-toluenesulf onyl- 
4,6-O-benzylidene-a-D-glucopyranoside (VI) was pre- 
pared from II. The white needles f rom methanol 
melted at 136-137C; [a]eD ° + 31.1 ° (e 1, CHCla) .  

Anal. Calc. for CeaH260~oS : C, 55.87 ; H, 5.26. Found  : 
C, 55.54; H, 5.15. 

Methyl 3-O-p-toluenesulf onyl-4,6-O-benzylidene-a- 
D-glucopyranoside (VII) was prepared f rom VI  by 
treatment with barium hydroxide in methanol. The 
white eottonlike needles melted at 165-166C. The 
reported melting point in the l i terature is 164C (9). 
Anal. CaIe. for  C21H24OsS: C, 57.79; H, 5.50. Found :  
(3, 57.93; H, 5.50. 

Methyl 2,3 - di- 0 - methoxycarbonyl - 4, 6 - 0 - benzyli- 
dene-~-D-glucopyranoside (VIII) was prepared by the 
addition of excess methyl chloroformate to I in anhy- 
drous ehloroform-pyridine solution. The white crys- 
tals (86.6% yield) from ethyl acetate-hexane melted 
at 97-99C and [a]eD ° + 74-5 ° (e 1, CI tCla) .  Anal. 
Calc. for ClsHfo.Olo: C, 54.27; H, 5.52. Found:  C, 
54.11; H, 5.56. 

Methyl 2-O-methoxycarbonyl-a-D-glucopyranoside 
(IX). A solution of I I  (5 g), acetone (125 ml),  and 
0.2 N hydrochloric acid (15 ml) was refluxed for  5 
hr. The acetone was removed under  vacuum. The 
remaining water solution was extracted with two 
10-ml portions of benzene. The water solution was 
evaporated to dryness to give 3.4 g of glassy product.  
Attempts to crystallize this material failed. [a]fD ° 
+ 127.7 ° (C 1, CHCla) .  Anal. Calc. for CgH16Os: 
C, 42.85; H, 6.31. Found :  C, 42.85; H, 6.33. 

Methyl 2-O-methoxycarbonyl-3-O-linseed acyl-4,6- 
benzylidene-a-D-glueopyranoside (X) was prepared by 
the addition of linseed acid chloride (10.7 g) to I I  
(11.2 g) dissolved in pyridine (50 ml). 

Af ter  washing and drying, the crude product  was 
dissolved in hexane and passed through a column of 
alumina (6 × 1.9 cm) topped with carbon (2 era). 
The column was eluted with 25% ethyl acetate-hexane 
solution (25 ml). Removal of the solvent under  
vacuo at 100C gave 18.3 g (96.1%) of water-white 
product  which gave a single spot on TLC. I.V. Catc.: 
84.6; obs. 82.3; N ~  1.5008; [a]2~ ° + 37.0 ° (c 1, 
CHCla) .  Anal. Calc. for  C.~H~O9 : C, 67.77; H, 8.30. 
Found:  C, 67.88; H, 8.54. 

Methyl 3-O-linseed acyl-4,6-O-benzylidene-a-D-glu- 
copyranoside (XI). a. Preparation in Morpholine: A 
solution of X (7.0 g) in morpholine (100 ml) was 
heated on a steam bath under  anhydrous conditions. 
After  35 rain the solvent was distilled rapidly under  
vacuum. The residue was cooled, dissolved in ethyl 
acetate, acidified with dilute hydrochloric acid, and 
washed until  neutral  to litmus. The solution was 
dried with magnesium sulfate and the solvent re- 
moved to give a colored waxy solid. 

The solid was dissolved in 5% ethyl acetate in 
hexane and passed through a silieie acid column 
(7 X 4.4 era). The column was eluted with 25% 
ethyl acetate in hexane (200 ml).  Removal of the 
solvent and reerystallization from methanol gave a 
white-waxy product  (4.7 g; 74.5%) melting at 96- 
99C; [~]~  + 60.4 ° (c 1, CHCla) .  I.V. Ca]e: 93.8; 
I.V. Found:  82.7. Anal. Calc. for  CafH4sO~: C, 70.59; 
H, 8.82. Found :  C, 70.54; It ,  9.13. 

b. Preparation in Anhydrous Ammonia: To a 
stirred solution of X (7.5 g) in diethylamine (75 ml) 
at - 4 0 C  was added about 200 ml of anhydrous 
ammonia. The solution was maintained at the boil- 
ing point for  8 hr. The ammonia was allowed to 
boil off overnight and the diethylamine distilled under  
reduced pressure. E thy l  acetate was added and re- 
moved under  reduced pressure to eliminate the re- 
maining bases. The waxy material was treated as in 
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Part a to give 3.6 g (54% yield) of product melting 
at 95-99C. This product was identical with that of 
Part  a by mixed melting point and TLC: 

Methyl 2-O-p-toluenesulfonyl-3-O-lins:eed acyl-4,6- 
O-benzylidene-a-D-glucopyranoside (XII) was pre- 
pared by adding p-to]uenesulfonyl chloride to XI 
dissolved in pyridine. The crude product in hexane 
was passed through a small alumina column. The 
water-white oil had the following properties: N~ 
1.5171; [a] 2° + 29.8 ° (c 1, CHCI~). I.V. 73.1. Anal. 
Calc. for C39H540~S: C, 67.05; H, 7.73. Found: C, 
67.02; H, 8.03. 

Methyl 2-O-methoxycarbonyl-3-O-linseed acyl-a-D- 
glucopyranoside (XIII).  A solution of X (10.0 g), 
acetone (250 ml), and 0.2 N hydrochloric acid (30 
ml) was refluxed for 6 hr. Acetone was removed in 
vacuo while maintaing the temperature below 50C. 
The product was taken up in ethyl acetate, washed 
until neutral to litmus, and dried. After removal 
of the solvent the product was dissolved in hexane 
and passed through a silicic acid column (7 × 4.4 
cm) and eluted with the following solvents: hexane 
(3 × 100 ml), ethyl acetate in hexane, 1% (100 ml), 
5% (2 × 100 ml), 10% (100 m]), 25% (100 ml), 
and finally with ethyl acetate (3 × 100 ml). After 
TLC analysis the fractions containing the major 
product were combined and stripped to dryness. A 
light yellow oil (7.6 g; 89.2%) was obtained with 
observed I.V. of 99.4. Calc. I.V. : 99.6. N2i~ 1.4797; 
[a]~ + 84.4 ° (c 1, CHC13). Anal  Cale. for 
C27H4609: C, 63.02; H, 8.94. Found: C, 62.55; H, 
8.83. 

Methyl 3-O-linseed acyl-a-o-glucopyranosid e 
(XIV).  A solution of XI I I  (7.6 g) dissolved in mor- 
pholine (110 ml) was allowed to stand at room tem- 
perature for 20 hr. The morpholine was distilled as 
rapidly as possible under reduced pressure ( < 5 ram). 
The residue was cooled, dissolved in ethyl acetate, 
acidified with dilute hydrochloric acid, and then 
washed until neutral to litmus. After drying with 
magnesium sulfate and removal of the solvent, the 
oil was dissolved in hexane and passed through a 
silicic acid column (7 × 1.9 era). The column was 
eluted with the following solvents: (a) hexane (50 
ml), (b) 25% ethyl acetate in hexane (25 ml), (c) 
50% ethyl acetate in hexane (25 ml), and (d) ethyl 
acetate (25 ml). The hexane fraction was evaporated 
to give 4.6 g (68.2%) of viscous, light yellow oil 
which analyzed for methyl 3-O-linseed acyl-a-D- 
glueopyranoside. I.V. Cale.: 110.5. I.V. Found: 
108.5 [a] 2° + 93.0 ° (e 1, CHC13). Anal. Cale. for 
C2~H4407: C, 65.79; H, 9.65. Found: C, 65.53; H, 
9.75. Acidic hydrolysis of XI in acetone gave an oil 
with an identical TLC. 

Removal of the solvent from Fractions b and c 
gave an oil which contained XII I  and N-methoxycar- 
bonyl morpholine. The latter was isolated by distilla- 
tion and had N~ ° 1.4578. An authentic sample of 
N-methoxycarbonyl morpholine was prepared by the 
addition of methyl chloroformate to morpholine. The 
water-white liquid obtained boiled at 109-110C at 
23 ram; N~  1.4573. Anal. Calc. for C6H1,NO.~: N, 
9.70. Found: N, 9.67. 

Methyl 2-O-methoxycarbonyl-3,6-di-O-linseed acyl- 
a-D-glucopyranoside (XV).  Linseed acid chloride 
(5.7 g) in chloroform (50 ml) was added dropwise 
to a solution of XI I I  (10 g) in pyridine (25 ml) and 
chloroform (25 ml). After washing and drying, the 
product was dissolved in hexane and passed through 

a silieie acid column (12 × 4.4 era). The column was 
eluted with 4-100 ml portions of each of the follow- 
ing solvents: hexane, 1%, 2%, 5%, 10% and 25% 
ethyl acetate in hexane. After TLC analysis the frac- 
tion containing the major product was stripped to 
dryness to give 6.2 g (41.1%) of a pale yellow oil 
with the following properties: I.V. Calc.: 130.9. I.V. 
Found: 129.5: N~ 1.4780; [a]~ + 50.3 ° (e 1, 
CHCla). Anal. Calc. for C4~tI76()1o: C, 69.58; H, 
9.79. Found: C, 69.10; H, 9.90. 

Methyl 3,6-di-O-linseed acyl-a-D-glueopyranoside 
(XVI) .  A solution of XV (3 g) in pyridine (50 ml) 
was allowed to stand for 20 hr at room temperature. 
The solvent was removed under reduced pressure 
( (  5 ram). The residue was dissoNed in ethyl ace- 
tate, acidified, washed with water, and dried with 
magnesium sulfate. 

A hexane solution of the crude product was passed 
through a silicic acid column (4 × 4.4 cm) and the 
column eluted with 2-100 ml portions of the follow- 
ing solvents: hexane, 1%, 2%, 5%, 10% and 25% 
ethyl acetate in hexane; and finally with ethyl ace- 
tate. After TLC analysis the solvent was removed 
from the fractions containing the product to give 
1.9 g (68.4%) of a water-white oil I.V. CMe: 141.5. 
I.V. Found: 137.5 N~i~ 1.4812. [a]~ ° ÷ 47.2 ° (c 1, 
CHC13). Anal. Calc. for C4aH740s: C, 71.72; H, 
10.30. Found: C, 71.65; H, 10.36. 

Methyl 2- 0 - methoxycarbonyl - 3,4,6- tri- 0 - linseed 
acyl-a-D-glucopyranoside (XVII)  was prepared by the 
addition of excess linseed acid chloride to IX in 
pyridine. The product was dissolved in hexane and 
first passed through an alumina column (6 × 4.4 cm) 
to remove the linseed acid then passed through a 
silicic acid column (12 × 4.4 era). The second column 
was eluted with portions of hexane (total 1.5 I ). The 
product was eluted with 5% ethyl acetate in hexane 
(4-]00 ml) to give 9.4 g (68.4%) of a water-white 
oil. I.V. Calc.: 146.8. I.V. Found: 146.1. [a]~ + 
44.1 ° (e 1, CHCla). N~ 1.4769. Anal. Calc. for 
C6~H~o~O~1: C, 72.83; H, 10.21. Found: C, 72.87; 
H, 10.32. 

This product was also obtained by the addition of 
linseed acid chloride to compound XIII .  

Methyl 3,4,6-Tri-O-linseed acyl-a-D-glucopyranoside 
(XVIII) .  Compound XVII (4 g) dissolved in mor- 
pholine (50 ml) was treated according to the proce- 
dure for the preparation of XIV. The product was 
passed through a silicie acid column (12 × 1.9 cm). 
The following fractions were collected: hexane (3-50 
ml), 1% ethyl acetate in hexane (3-50 ml), 5% 
ethyl acetate in hexane (3-50 ml), and finally with 
10% ethyl acetate in hexane. After TLC analysis 
the fractions containing the product were combined 
and evaporated to give 2.6 g (67.4%) of a water- 
white oil. I.V. Calc: 155.6. I.V. Found: ]53.9. [a]~ 
÷ 56.0 ° (e 1, CHC]:~). N~ ].4802. Anal. Calc. for 
C61Hlo409: C, 74.69; H, 10.61. Found: C, 74.41; 
H, ]0.99. 

Methyl 2,3-di-O-linseed acyl-4,6-O-benzylidene-a-D- 
glucopyranoside (XIX)  was prepared by the addition 
of excess linseed acid chloride to I (]4.2 g). The 
crude product was dissolved in hexane and passed 
through a small alumina column. The colmnn was 
eluted with 10% ethyl acetate in hexane solution. 
Evaporation of the solvent gave 21.6 g (53.6%) of 
water-white oil. I.V. Calc. : 126.1. I.V. Found: 126.5. 
N~ 1.4949. [a]~ ÷ 31.2 ° (c 1, CHC13). Anal. Calc. 
for C:~oHTsOs: C, 74.44; H, 9.80. Found: C, 74.19; 
H, 9.84. 
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Methyl 2,3-di-O-linseed acyl-a-p-gIucopyranoside 
(XX)  was prepared from XIX (10 g) following the 
procedure given for XIII .  The water-white oil (6.1 g, 
68.1%) had the following properties: I.V. Calc.: 
141.5; I.V. Found: 135.9; N~ 5 1.4831; [a]~ + 58.5 ° 
(e 1, CItCla). Anal. Calc. for C4aII740s: C, 71.72; 
H, 10.30. Found: C, 71.69; H, 10.26. 

Methyl 2-O-linseed acyl-4,6-O-benzylidene-a-n-glu- 
copyranoside (XXI )  was prepared by the dropwise 
addition of linseed acid chloride (17 g) to I (17 g) 
in pyridine (50 ml). After washing and drying 20 
g of the crude product were passed through an 
alumina eolunm (12 × 4.4 era) and then through a 
silieie acid column (12 × 4.4 era). The second column 
was eluted with 4-100 ml portions of hexane and 
with 4-100 ml portions of each of the following: 
0.5, 1.0, 1.5, 2, and 10% ethyl acetate in hexane. 
After TLC analysis the fractions containing the 
product (second spot from the top, Fig. 1) were 
combined. Removal of the solvent gave 11.8 g of 
water-white oil. I.V. Calc.: 93.8. I.V. Found: 90.4. 
[~]25 + 102.3 ° (c 1, CHCla). Nb~ 1.5035. Anal. 
Calc. for Cs2H4sOT: C, 70.59; H, 8.82. Found: C, 
70.17; H, 9.14. 

M e t h y t 2-O-linseed acyI-a-r)-glucopyranoside 
(XXII) .  Compound XXI  (3.2 g) was dissolved in 
acetone (50 ml) containing 0.1 N hydrochloric acid 
(10 ml) and refluxed for 2 hr. The solvent was re~ 
moved in vacuo and the residue extracted with ether. 
The ether solution was washed with water and dried. 

After removal of the ether, the residue was dissolved 
in hexane and passed through a silicic acid column 
(4 × 1.9 am). The column was eluted with hexane 
(25 ml) 10% ethyl acetate in hexane (25 ml), 25% 
ethyl acetate in hexane (25 ml), and finally with 
ethyl acetate. Removal of the ethyl acetate gave a 
viscous yellow oil. I.V. Cale.: 110.5. I.V. Found: 
109.7. [a]~ + 83.1 ° (e 1, CItCla). Anal. Cale. for 
C2~H4~07: C, 65.79; H, 9.65. Found: C, 65.62; 
H, 9.65. 
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Linoleate' 
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Abstract 
a-Dicarbonyls isolated from oxidized methyl 

linoleate and conclusively identified as DNP- 
osazones ~ were glyoxal, methyl glyoxal, a-keto 
hexanal, a-keto heptanal, and ~-keto octanal. 

Introduction 

I N A PREVIOUS PAPER (1) tentative evidence was 
presented for the presence of a series of dicarbonyls 

occurring in oxidized methyl linoleate. Due to the 
small quantities of derivative isolated, conclusive 
identification of the compounds was not possible. The 
purpose of this paper is to present evidence for the 
identification of the dicarbonyls. 

Experimental 
The volmne of packing used in the colunm chro- 

matographic procedures (2-4) was increased and 2 
in. diameter eolmnns were employed to accommodate 
the rather large quantities of sample. Following com- 
plete resolution of the erude DNP-osazone mixture, 
pooled fractions were rechromatographed on partition 
columns (4);  the column size was determined by the 

1 Technical Paper  No. 2012, Oregon Agricultural Experiment Station. 
Present address: Department  of Food Seiunce, North Carolina 

Sta te  of the  University of North Carolina, RMeigh. 
DNP _-- 2,4,-dinitrophenyl. 

quantity of derivative isolated. Carbonyi-free sol- 
vents (5) were used throughout the experiment for 
column development and extraetion purposes. 

Methyl linoleate (19.62 g) was oxidized under a 
stream of oxygen in the manner described previously 
(1). The oxidized ester was passed over alumina 2,4 
DNP-hydrazine reaction cohmms (2) containing about 
60 g of packing. The DNP-hydrazones of monocar- 
bonyls and the unaltered ester were eluted with 500 
ml of benzene. The amount of 300 ml of acetic acid- 
chloroform (3:2) was then percolated through the 
colunms to remove all remaining material. The eluate 
from 20 columns was pooled and the chloroform was 
removed by evaporation. Excess DNP-hydrazine 
reagent was added and the mixture was refluxed for 
16 hr. Water was added, and the cooled mixture was 
extracted with chloroform. This extract was chro- 
matographed on magnesia adsorption columns (3), 
and the DNP-osazone fraction recovered (1) was 
rechromatographed on Celite-ethanolamine columns 
(4). Columns for resolution of more polar derivatives 
(e.g., g]yoxal, methyl glyoxal) consisted of 30 g 
Celite, 14 ml ethanolamine, and 4.5 g water. For the 
derivatives of longer chain dicarbonyls, columns con- 
sisting of 60 g Celite, 28 ml ethanolamine, and 2.0 g 
water were employed. All the eolmnns were developed 
until adequate resolution of bands was obtained. The 
column packing was then extruded, and the individual 


