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AI3sTRAcT 

The use of partially ethylated alditol acetates for the analysis by gas-liquid 
chromatography of the components of polysaccharides, and the glycosidic linkages 
of these components, is described. The derivatives are prepared by procedures 
analogous to those for the synthesis of partiahy methylated alditol acetates. Derivati- 
zation requires two successive ethylations and more-strenuous conditions of 
hydrolysis and reduction than for the methyl analogs. The partially ethylated alditol 
acetates are formed in nearly quantitative yield and give single, sharp peaks on gas 
chromatography. Retention-time data, relative to two internal standards, are given 
for 79 glycosidic linkage-isomers of mannose , galactose, glucose, arabinose, xylose, 
rhamnose, and fucose, on four g.1.c. columns. One of these cohtmns is a newly 
developed, highly polar, capihary column. Direct comparisons of these retention 
times to retention times of partially methylated alditol acetates are made. The ethyl 
analogs are eluted sooner that the corresponding methyl derivatives, and the amount 
of this shift in elution time is dependent upon the number of alkyl groups in the 
derivative. This change in elution time allows separation of many polysaccharide 
components by g.1.c. that are not separable as their partially methylated alditol 
acetates. Others, separated as their O-methyl derivatives, are coeluted as their 
partially ethylated alditol acetates. The two derivatives thus provide excehent 
complementary procedures because of their differential chromatographic separation 
and because of the similarity of their preparation. 

INTRODUCTION 

Many carbohydrate derivatives have been developed for gas-liquid chromato- 
graphic (g.1.c.) and combined gas chromatographic-mass spectrometric (g.l.c.-m.s.) 
analysis. Among these are the trimethylsilyl (Me,Si) etherslm6, O-Me,Si lactones7-‘, 
methyl etherslO_’ 3, acetates’4-‘8, trif3uoroacetates1g-23, alkylboronates24’25, 
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0-Me,Si 0-methyloximes26-2s, O-methyl 0-Me,Si alditols and aldoses2g*30, 
permethylated aldonates31, aldononitrile acetates32n33, partially methylated aldono- 
nitrileacetates34*35, and 0-Me3Sialdononitriles36. However, the derivatives used most 
widely for determining the position of glycosidic linkages in sugar residues in a 
polysaccharide are the partially methylated alditol acetates developed by Lindberg 
et a1.37 . These derivatives, for glycosidic linkage-determination, and alditol acetates’ 8, 
for the total aldose composition-analysis, have been used extensively in this laboratory 
for the determination of primary plant cell-wall structures38-44. 

Partially methylated alditol acetates have been widely accepted. They can be 
prepared nearly quantitatively and yield information on glycosidic linkages through 
retention time and mass-spectral data. These derivatives show only one g.1.c. peak for 
each linkage isomer of each sugar, because the anomeric center is removed by 
reduction. This elimination of the anomeric centers simplifies the chromatograms, but 
also leads to uncertainty in the identification of some of the derivatives because of the 
symmetry generated. This potential limitation has been overcome by the use of 
sodium borodeuteride for reduction of the aldoses37B45*46. The deuterium label 
allows mass-spectral identification, although it does not permit those partially 
methylated alditol acetates differing only in the position of the deuterium to be 
separated by g.1.c. 

Partially methylated alditol acetates do have some limitations that are especially 
evident when they are used in analyzing complex polysaccharides in primary plant 
cell-walls. One disadvantage is their limitation to aldose and ketose constituents_ 
Uranic acids, often present in complex polysacoharides, require alterations in the 
derivatization scheme3’. Another major analytical problem is the complexity of the 
chromatograms; they often display two or more overlapping peaks, making quanti- 
tation of the individual components difficult without special integration techniques. 
This overlap may also obscure the mass-spectral data and impede identmcation. This 
uncertainty in mass-spectral identification is especially likely if three or more peaks 
overlap, as the same fragments are often obtained for many of the closely related 
derivatives. A quantitatively minor, partially methylated, alditol acetate, that 
coelutes with quantitatively major components, could be completely overlooked. 

We have synthesized the partially ethylated alditol acetates in an attempt to 
resolve some of the polysaccharide components that are coeluted as their partially 
methylated alditol acetates. Examples of the separations, especially those beneficial to 
analysis of primary plant cell-walls, are presented. These derivatives are shown to be 
an excellent tool for the analysis of the glycosidic linkage-composition of poly- 
saccharides. 

EXPERIMENTAL 

Materials. - Dimethyl sulfoxide (Fisher Scientific) was distilled over calcium 
hydride at 63” (6.5 torr) and stored under nitrogen in sealed bottles over molecular 
sieve (4 A) until used. Ethyl iodide was used as obtained from Fisher Scientific. The 
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p-nitrophenyl and methyl glycosides used in synthesizing the partially ethylated alditol 
acetate standards were obtained from the following sources: p-nitrophenyl a-L-fuco- 
pyranoside, methyl a-L-rhamnopyranoside, methyl j3-L-arabinopyranoside, methyl 
a-D-galactopyranoside, p-nitrophenyl /?-D-xylopyranoside, and p-nitrophenyl a-D- 
mannopyranoside, from Koch-Light Laboratories, Ltd.; methyl p-D-xylopyranoside 
from Pierce Chemical Company; and p-nitrophenyl @-D-galactopyranoside from 
Sigma Chemical Company. The oligosaccharides and polysaccharides used in the 
synthesis of partially ethylated alditol acetate standards were obtained from the 
following sources: yeast mannan and arabinan from Koch-Light Laboratories, Ltd.; 
cellobiose, lactose, and dextran (mol. wt. = 200,000-275,000) from Sigma Chemical 
Company; and gentiobiose from Pierce Chemical Company. The galactan was 
isolated in this laboratory from citrus pectin by McNei14’. 

The liquid phases for the preparation of gas-chromatographic columns 
[ECNSS-M, Silar 10-C Silar ECP, poly(ethylene glycol succinate) (PEGS), poly- 
(ethylene glycol adipate) (PEGA), and GE silicone XF-11501 were all obtained from 
Applied Science Laboratories_ The stainless-steel No. 316 capillary tubing (1.59 mm 
o-d., 0.51 mm i.d.) was obtained from Handy & Harman Tube, Norristown, 
Pennsylvania. 

Methods. - Ethylation. Ethylation of carbohydrate samples is performed 
according to the general methylation method of Hakomori4’ as adapted by Sandford 
and Conrad4’ , but modified in order to ensure complete ethylation. The carbohydrate 
samples (l-6 mg) are dried over phosphorus pentaoxide for a minimum of 10 h at 60” 
in uacuo. After dissolution of the carbohydrate in 1.0 ml of dry dimethyl sulfoxide 
under nitrogen, 100 ~1 of 2.0~ dimethylsulfinyl anion” (sodium “dimsyl”) solution 
prepared according to Sandford and Conrad4g is added at room temperature. 
Potassium “dimsyl” may also be used 51. This solution is stirred for 15 min at 
room temperature if the carbohydrate is totally soluble, or for several h if the carbo- 
hydrate is only partially soluble. Ethyl iodide (22 ~1, 1.35 equivs, based on the amount 
of “dimsyl”) is then added at room temperature and the solution stirred for 2 h. A 
second ethylation is accomplished without isolation on the same sample by again 
adding 100 ~1 of 2.0&r “dimsyl” followed by 22 ~1 of ethyl iodide in exactly the same 
manner. 

Intentional underethyZation. Model compounds for the synthesis of all partially 
ethylated alditol acetates for chromatographic and mass-spectral standards were not 
available, and so the various partially ethylated alditol acetates derived from the 
various glycosidic linkage-isomers of rhamnose, fucose, arabinose, xylose, mannose, 
galactose, and glucose were synthesized by intentionally underethylating known 
p-nitrophenyl and methyl glycosides and known oligo- and polysaccharides. This 
underethylation was accomplished by performing oniy one of the alkylation steps and 
by using smaller amounts of ethyl iodide. This intentional underethylation yields a 
mixture of partially ethylated derivatives of each aldose. 

Isolation of ethylated oligo- andpoly-saccharides andformation of alditol acetates. 
The partially ethylated carbohydrates are separated from dimethyl sulfoxide and other 
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reagents after ethyiation by either (a> dialysis against distihed water overnight (for 
polysaccharides), or (b) by gel-permeation chromatography (for mono- and oligo- 
saccharides). Gel-permeation chromatography is accomplished by adding 1 ml of I:1 
chloroform-methanol (v/v) to the ethylation mixture in dimethyl sulfoxide (1.0 ml) 
and eluting it through a 50 x 1.5 cm column of Sephadex LH-20 (Sigma Chemical Co.) 
equilibrated with 1:l chloroform-methanol_ Fractions (2.0 ml) of column effluent are 
collected and a portion of each fraction analyzed for carbohydrate by the anthrone 
procedure . 52 Fractions containing carbohydrate are pooled and the solvent removed 
by evaporation at 50” under a stream of fihered air. 

Hydrolysis of the ethylated products is accomplished in a sealed tube (13 x 
lOO-mm test tube) with 2.0~ trifluoroacetic acid (normally 1.0 ml) for 2 h at 121”. The 
acid and water are subsequently removed by evaporation at 50” with a stream of 
filtered air. As with mcthylated derivatives, care must be taken to remove the samples 
from the water bath as soon as they become dry to avoid evaporation of the partially 
ethylated aldoses. 

The partiahy ethylated aIdoses released by hydrolysis are reduced to the alditols 
by the addition o_ f 10 mg of sodium borodeuteride in 1.0 ml of M ammonia_ This 
solution is stirred for 2 h at room temperature, and the excess reductant is decomposed 
by dropwise addition of acetic acid until evolution of hydrogen ceases. 

After the reduction step, the solutions are again evaporated at 50” with filtered 
air to remove the ammonia and water. The borate remaining in the reaction vessel is 
removed as the volatile methyl borate by evaporating, from the sample, first 10% 
glacial acetic acid in methanol (twice) and then methanol (8 times). Sodium borate has 
been shown to interfere with the acetylation that followsl*. 

The partially ethylated alditols are acetylated by heating them in a sealed tube 
with acetic anhydride (normally 0.5 ml) for 3 h at 121”. 

Gus chromatography. The partially ethylated alditol acetates, dissolved in acetic 
anhydride, were injected directly into one of three gas chromatographs; a Hewlett- 
Packard model 762OA, or one of two F & M instruments (model 810). Liquid phases 
and columns used to determine standard relative retention-times were: (a> a 
120x0.3-cm (o.d.) copper column containing 3% ECNSS-M on Gas Chrom Q 
(100-120 mesh); (ZI) a 120 x0.3-cm (o.d.) copper column containing a mixture of 
0.2% poly(ethylene glycol succinate) (PEGS), 0.2% poly(ethylene glycol adipate) 
(PEGA), and 0.4% GE silicone XF-1150 on Gas Chrom P (100-120 mesh); (c) a 
120 x 0.3-cm (o-d.) copper column containin, 0 2% Silar 10-C on Gas Chrom Q 
(100-120 mesh), and (d> a 15.2 m x O-51-mm (i.d.) stainless-steel open tubular 
capillary column coated with PEGS, PEGA, and XF-1150 (the details of manu- 
facturing this column are described later). 

Columns (a) and (b) were temperature-programmed at l”/min from 110 to 180” 
after a post-injection interval of 6 min and with a post-programming interval of 
10 min. The helium flow-rate was approximately 60 ml/mm on columns (a), (b), and 
(c)_ Column (cj was also temperature-programmed at lo/mm, but from 115 to 235” 
after a post-injection interval of 6 mm. Column (6) was temperature-programmed at 
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l”/min from 135 to 205” following a post-injection interval of 6 min and with a post- 
programming interval of 20 min. The helium flow in column (4 was approximately 
6 ml/min. A flow of 60 ml/min of helium make-up gas was added to the detector 
flow when using ccZumn (d) to increase the sensitivity. Balance columns in each case 
were identical to the sample columns except with column (d), when an uncoated 
46 x0.3-cm (o.d.) copper tube with a helium flow of 60 ml/min was used. Other 
chromatographic conditions for all four columns were: detector temperature, 270”; 
injector temperature, 260”; hydrogen flow, 50 ml/min; and air flow, 220 ml/min. 

The capillary column (d) already described was coated by a dynamic coating 
procedure. The capillary tubing was cut to length (15.2 m) and the ends chemically 
milled with aqua regia according to Bambrick and Geoghegans3 to remove burrs. 
The tubing was then cleaned according to Mon ef QZ_~~ by using 200 lb. in- 2 of 
nitrogen in a tell on reservoir to force through 50 ml of each of the following solvents: 
chloroform, acetone, water, concentrated nitric acid, water, concentrated ammonia, 
water, acetone, and chloroform. The teflon reservoir was a 1.75 m x 6.35-mm (0.d.) 
teflon tube connected by standard Swagelok fittings to the nitrogen pressure- 
regulator and the capillary tube. After drying with a flow of 40 ml/min of nitrogen 
for 30 min, the tubing was coated with 30 ml of chloroform containing 0.446 g PEGA 
(1 %), 0.446 g PEGS (1 %), and 1.871 g GE silicone XF-1150 (4%). This solution was 
placed in the teflon reservoir and sticient nitrogen pressure applied (30-185 lb. in- 2, 
to maintain a flow of 0.2 ml/min. The flow rate was measured by collecting the column 
exit solution in a lo-ml graduated cylinder. This represents a linear velocity of 
approximately 2 cm/set, which has been suggested55 for optimum coating. This 
coating procedure is essentially the same as that recently described56. However, a 
porous layer, such as Silanox 101, was not incorporated in the column. As has been 
suggested5 ‘, a 5-ft “pigtail” of the same stainless capillary tubing was attached to the 
column exit during coating to avoid “blowing out” the liquid phases from the last 
few feet of tubing. This is necessary to maintain an even layer of liquid phase. After 
coating, a nitrogen flow of 20 ml/min was continued for 10 h to remove residual 
chIoroform, and the column was conditioned for 12 h at 190” with a flow of 9 ml/min 
of helium. 

G.1.c. peak identity and retention-time data. The identity of each linkage isomer 
of each aldose as it emerged from the gas-chromatographic column was determined 
by combined gas chromatography-mass spectrometry. Structural assignments were 
made as described by Sweet et al. 58_ The mass-spectral fragmentation pathways are 
very similar to those previously described for methylated alditol acetates by Bjijrndal 
et aL3’. The use of known mono-, oligo- and poly-saccharides enables exact stereo- 
chemical identification to be made from these mass-spectral data. 

Combined gas chromatography-mass spectrometry was performed on a 
Beckman GC45 gas chromatograph interfaced as described by Markey’” to an 
Associated Electrical Industries MS-12 mass spectrometer that was modified for 
repetitive scanning. In this system, gas-chromatographic separations were conducted 
on column (b). Data handling of the combined gas chromatograph and mass spectro- 
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meter outputs was accomplished by a Digital Equipment Corporation PDP 8/I 
computer system as described by Plattner and Markey6’. 

The identities of the gas-chromatographic peaks for any sample on the g.1.c. 
columns other than column @) were assigned by comparing the elution profiles of the 
sample on these other columns to the profile on column (b). Normally, the profiles 
were so similar that identification was unambiguous; however, when there was 
uncertainty, the other columns were used in the g.l.c.-m.s. system, and the spectra of 
the g.2.c. peaks in question were identified. 

Relative retention-times for the various partially ethylated alditol acetates were 
determined from the solvent front to the peak maximum. Some of the reported values 
are averages of several individual determinations, because of the presence of a 
particular partially ethylated alditol acetate in more than one sample. Two internal 
standards were used for the determination of relative retention-times, namely, 
2,3,4,6-tetra-O-methylmannitol 1,5-diacetate (l), which is added to the samples after 
preparation of the partially ethylated alditol acetates and just before they are chro- 
matographed, and myu-inositol hexaacetate (2), which is generated during acetylation 
from nzyo-inositol added with the trifluoroacetic acid prior to hydrolysis. These are 
ideal complementary inte_mal standards as 1 is eluted relatively early in the chromato- 
gram and 2 very late. 

Estimation of the degree of underethylation. The degree of underethylation of a 
known sample (normally cellobiose) was estimated by summing the areas of all 
gas-chromatographic peaks not known to represent a partially ethylated alditol 
acetate expected from complete ethylation. For example, with cellobiose, all other 
gas-chromatographic peaks eluting after the peak representing terminal glucose except 
the peak representing 4-linked glucose are summed and compared with the sum of the 
areas of all g.1.c. peaks, including the two expected peaks. Peak areas were measured 
by electronic integration utilizing Infotronic Corporation equipment as previously 
described Is. 

RESULTS 

PerethyZation of a polysaccharide. - Perethylation of a carbohydrate was 
accomplished by treatment with ‘cdimsyl” anion followed by addition of ethyl iodide. 
Unlike methylation, however, a one-step conversion into the fully alkylated species is 
not possible. Underethylated products from cellobiose amount to 46% after one 
treatment, and 4-5% after both two and three treatments. 

Previously, it has been reported that carbohydrates react slowly with “dimsyl” 
soluti~ns~‘*~~. We found this not to be the case if the carbohydrate is soluble in 
dimethyl sulfoxide. Cellobiose is underethylated in a two-step process to the same 
extent, about 12% of underethylated products, whether 15 min or 7 h is allowed for 
deprotonation of hydroxyl groups by the “dimsyl” solution before ethyl iodide is 
added. This phenomenon is also observed when ethylating dextran (mol. wt. = 
200,000-275,000). The relative areas of ‘ihe g.1.c. peaks attributable to the branched 
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glucose components (either naturally present in the polymer or arising through 
underalkylation) are constant, regardless of whether 15 min or 4 h is allowed for 
deprotonation by “dimsyl”. In fact, the relative areas of these peaks are almost 
identical to the relative areas of the corresponding peaks obtained from methylation 
of the same dextran. 

The addition of methyl iodide to a “dimsyl’‘-treated oligosaccharide must be 
accomplished slowly while maintaining the temperature around 20” to ensure 
complete methylation4’. On the other hand, we found that the yield of perethylation 
products is scarcely altered by slow or fast addition of ethyl iodide and is independent 
of the temperature. It has also been found that the degree of underethylation of 
cellobiose is constant whether 2 or 16 h is allowed for the ethyl iodide (excess) to react 
at room temperature with the “dimsyl’‘-treated disaccharide. In fact, if the tempera- 
ture of this mixture is raised to 121”, the degree of underethylation after 20 h remains 
the same as it was after 2 h at 23”. 

Water and other proton sources must be carefully excluded whenever ‘6dimsyl” 
treatment is used. The low yield of fully ethylated carbohydrate after a single 
ethylation reaction was initially attributed to one of these proton sources. However, 
extensive purification of the commercial ethyl iodide immediately prior to use 
(distillation from phosphorus pentaoxide or ethylmagnesium iodide) did not 
decrease the degree of underethylation. Also, the degree of underethylation was not 
increased by the addition to commercial ethyl iodide of 1% by volume of water, 
ethanol, or iodine, immediately prior to use. 

Hydrolysis of etltylated oligosaccharides. - Optimum hydrolytic conditions 
with 2.0~ trifluoroacetic acid were established by hydrolyzing samples of octa-O- 
ethylcellobiose at 121” for various intervals of time. After reduction and acetylation, 
peak-areas of the resultant partially ethylated alditol acetates were compared with 
the peak area of an internal standard (myo-inositol hexaacetate, 2). The yield of 
2,3,4,6-tetra-O-ethylglucitol 1,5-diacetate reaches a maximum after 2 h of hydrolysis 
and does not decrease upon further hydrolysis up to 8 h. A maximum yield of the 
2,3,5-tri-O-ethylglucitol 1,4,5&acetate is also obtained after 2 h of hydrolysis. In 
contrast, nonalkylated and permethylated polysaccharides are hydrolyzed under the 
same conditions but for only 1 h 18*3g. The validity of the use of hydrolysis for 2 h for 
large polymers, and for oligosaccharides containing sugars other than glucose, 
remains untested. 

Reduction ofpartiah’y ethylated aldoses. - The reduction of partially methylated 
aldoses to alditols previously has been assumed to be complete within minutes in a M 

ammoniacal solution of sodium borohydride, as the reduction of nonalkylated aldoses 
had been shown to be very fast ‘* However, the chromatogram of the partially . 
ethylated alditol acetates of cellobiose showed two g.1.c. peaks both having short 
retention-times. The two carbohydrate components were identified by their mass 
spectra as l-CLacetyl-2,3,4,6-tetra-O-ethyl-cr- and p-o-glucopyranose. By integrating 
the g.1.c. peak-areas of the nonreduced glucose derivatives relative to the area of 
2,3,4,6-tetra-O-ethylglucitol l,Idiacetate, and by varying the reduction time of the 



206 D.P.S'WEET,P. ALBERSHEIM,R.H.SIIAPIRO 

TABLE I 

RELATIVE RETENIXXU-TLMES OF PARTIALLY ETHYLATED ALDXTOL ACETATES 

ON FOUR DIFFERENT GAS CZIROMATOGRAPHIC COLUMNSa 

sugar 

residue 

Glycosidic Positions of Relative retention-times 

linkages O-ethyl 
(t = terminal groups T. Tb TC Ta 
residue) 

2 1 2 1 2 1 2 1 

Rlxunnose t 2,X4 
2 394 
3 2,4 
4 2,3 

2,3 4 
2,4 3 
352 2 

2,3,4 

Fucose t 2,334 
2 3,4 
3 2,4 
4 2,3 

2,3 4 
2,4 3 
3.4 2 

2,3,4 

Arabinose t-w 2,394 
2-w 3,4 
3-m 2.4 
4-QJ) or5-(f) 2,3 
t-m ~3s 
2-m 335 
3-m 2,s 
2,3-(p) 4 
2,3-m 5 
2,4-(&or 3 

2,5-m 
3,4-mor 2 
3,5-u? 
2,3,4_ti)or 
2,3,5-m 

Xylose t 2,334 
20r4 3,4or2,3 

3 2,4 
2,3or3,4 40r2 
234 3 

2,3,4 

Mannose t 2,3,4,6 
2 3,436 
3 2,4,6 
4 2,336 
6 2,3,4 

2,3 436 
234 396 

0.07 0.28 0.09 0.30 0.16 0.38 0.21 0.53 

0.22 0.77 0.25 0.81 0.33 0.81 
0.21 0.75 0.23 0.76 0.32 0.79 
0.36 1.25 0.38 1.24 0.43 1.06 
0.39 1.34 0.40 1.32 0.50 1.21 
0.34 1.18 0.36 1.18 0.44 1.06 
0.43 1.53 0.47 1.50 0.52 1.27 

0.11 0.40 0.14 0.46 0.22 0.53 
0.25 0.88 0.30 0.93 0.36 0.89 
0.25 0.88 0.29 0.91 0.36 0.89 
0.25 0.88 0.28 0.89 0.36 0.89 
0.38 1.35 0.43 1.37 0.50 1.22 
0.40 1.42 0.43 1.37 0.50 1.22 
0.35 1.24 0.39 1.23 0.45 1.11 
0.46 1.61 0.50 1.58 0.54 1.31 

0.11 0.40 0.15 0.48 0.23 0.56 
0.26 1.00 0.30 1.00 0.41 1.01 
0.27 1.04 0.32 1.04 0.41 1.00 
0.26 1.00 0.30 1.00 0.41 1.00 
0.09 0.32 0.11 0.36 0.20 0.49 
0.20 0.76 0.24 0.80 0.34 0.85 
0.23 0.88 0.27 0.89 0.37 0.92 
0.41 1.56 0.47 1.54 0.56 1.39 
0.34 1.31 0.38 1.29 0.47 1.17 
0.45 1.73 0.49 1.62 0.57 1.42 

0.36 0.90 
0.35 0.87 
0.45 1.14 
0.49 1.23 
0.45 1.13 
0.53 1.36 

0.26 0.64 
0.40 0.97 
0.39 0.95 
0.39 0.95 
0.50 1.24 
0.50 1.24 
0.46 1.15 
0.54 1.58 

0.27 0.67 
0.41 1.01 
0.42 1.03 
0.41 1.01 
0.24 0.59 
0.36 0.89 
0.38 0.94 
0.54 1.34 
0.47 1.17 
0.55 1.36 

0.43 1.64 0.47 1.57 0.55 1.36 0.53 1.32 

0.56 2.11 0.61 1.98 0.66 1.62 0.63 1.60 

0.11 0.43 0.15 0.48 0.24 0.59 
0.29 1.09 0.33 1.06 0.43 1.07 
0.27 1.00 0.31 1.00 0.41 1.00 
0.48 I.83 0.51 1.68 0.60 1.49 
0.48 1.82 0.51 1.68 0.60 1.49 
0.69 2.57 0.70 2.24 0.76 1.87 

0.17 0.62 0.22 0.72 0.29 0.70 
0.34 1.30 0.39 1.26 0.46 1.13 
0.35 1.32 0.40 1.29 0.46 1.14 
0.36 1.34 0.40 1.31 0.47 1.15 
0.35 1.31 0.40 1.28 0.46 1.13 
0.49 I.85 0.53 1.77 0.59 1.44 
0.55 2.08 0.57 1.90 0.65 1.60 

0.25 0.65 
0.43 I.08 
0.40 1.01 
0.57 1.45 
0.57 1.45 
0.71 1.80 

0.32 0.81 
0.47 1.20 
0.48 1.21 
0.49 1.22 
0.49 1.21 
0.59 1.53 
0.62 1.56 
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TABLE I (conrinued) 

Sugar 
residue 

Glycosidic Positions of Relative retention-times 
linkages O-ethyl 
(t = terminal groups T. Tb TC Ta 
residue) 

2 1 2 1 2 1 2 1 

2,6 3,4 
3,4 2,6 
396 2*4 
436 2,3 

2,324 6 
2,3,6 & 2,4,6 4 or 3 

3,W 2 

2A4.6 

0.60 2.24 0.62 2.03 0.67 1.65 0.68 1.74 
0.50 1.88 0.54 1.78 0.59 1.45 0.59 1.50 
0.55 2.09 0.58 1.94 0.64 1.65 
0.55 2.09 0.58 1.94 0.64 1.66 
0.62 2.31 0.65 2.15 0.69 1.70 0.69 1.79 
0.79 2.95 0.80 2.60 0.83 2.02 0.82 2.11 

: 
3 
4 
6 

2-3 
2,4 
296 
3-4 
396 
436 

2,351 
2,3,6 
2,4,6 
3,436 
23334.6 

Z3,4,6 
3h6 
2.436 
2,3,6 
2,334 

426 
3,6 
3,4 
296 
2,4 

2-3 
6 
4 
3 
2 

t 
2 
3 
4 
6 

2,3 
2,4 
236 
3*4 
336 
426 

2,3,4 
2,396 
2,436 
3,4,6 
2,3,4,6 

2,3,46 
3,46 
2,4,6 
2,336 
2,324 

436 
336 
3-4 
226 
2,4 
2,3 

6 
4 
3 
2 

0.70 2.64 0.72 2.40 
0.84 3.06 0.86 2.79 

0.21 0.78 0.25 0.84 
0.40 1.43 0.42 1.42 
0.40 1.43 0.42 1.42 
0.39 1.41 0.42 1.43 
0.44 1.60 0.47 1.58 
0.53 1.92 0.56 1.90 
0.57 2.10 0.59 2.03 
0.63 2.32 0.67 2.26 
0.53 1.94 0.55 1.90 
0.63 2.32 0.67 2.29 
0.62 2.31 0.63 2.23 
0.66 2.34 0.68 2.35 
0.82 2.82 0.83 2.82 
0.81 2.98 0.82 2.81 
0.75 2.79 0.76 2.67 
0.88 3.13 0.90 3.03 

0.19 0.69 0.22 0.75 
0.36 1.28 0.39 1.29 
0.36 1.28 0.39 1.29 
0.42 1.49 0.44 1.48 
0.40 1.38 0.41 1.39 
0.55 1.97 0.57 1.92 
0.58 2.04 0.59 1.98 
0.61 2.15 0.62 2.09 
0.55 1.94 0.57 1.90 
0.60 2.15 0.62 2.08 
0.61 2.17 0.62 2.09 
0.70 2.47 0.71 2.39 
0.82 2.94 0.82 2.76 
0.80 2.82 0.80 2.66 
0.76 2.68 0.77 2.58 
0.92 3.26 0.93 3.09 

0.76 1.86 0.77 1.97 
0.87 2.12 0.87 2.24 

0.33 0.81 0.36 0.90 
0.50 1.22 0.50 1.24 
0.50 1.22 0.50 1.23 
0.49 1.21 0.50 1.24 
0.54 1.32 0.55 1.36 
0.62 1.50 0.60 1.48 
0.65 1.60 0.63 1.55 
0.71 1.72 0.68 1.68 
0.62 1.51 0.61 1.53 
0.70 1.70 0.68 1.67 
0.69 1.71 0.65 1.63 
0.71 1.73 0.69 1.69 
0.86 2.13 
0.85 2.09 0.80 1.98 
0.79 1.94 0.74 1.85 
0.90 2.19 0.89 2.28 

0.30 0.75 0.35 0.85 
0.46 1.13 0.48 1.18 
0.45 1.11 0.48 1.18 
0.53 1.30 0.52 1.29 
0.48 1.20 0.50 1.24 
0.63 1.56 0.62 1.53 
0.66 1.63 0.63 1.57 

(0.68)(1.69) 0.66 1.62 
0.63 1.56 0.61 1.52 
0.69 1.69 0.65 1.61 
0.69 1.69 0.65 1.62 
0.75 1.85 0.71 1.76 
0.87 2.14 0.81 2.02 

0.83 2.W 0.78 1.94 
0.51 1.99 0.76 1.88 
0.95 2.32 0.92 2.32 

Galactose 

Glucose 

“The glycosidic linkage5 :o each of the glycosyl residues from which the partially ethylated alditol 
acetates were synthezlzed are listed. Gas-chromatographic separations were performed on either a 
Hewlett-Packard .Model 7620A or an F & M Model 810 gas chromatograph. Retention times are 
relative to both 1,3,4,6-tetra-O-methylmannitol 1,5-diacetate (1) and myo-inositol hexaacetate (2)_ 
Retention times (T) are ghen for four different column liquid phases as described in the text: column 
(a) 3% ECNSS-M, (b) 0.2% PEGS, 0.2% PEGA, and 0.4% XF-1150, (c) 2% Silar 10-C, and (d) 
PEGS, PEGA, and XF-1150 (l%, l%, 4%) capillary. 
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partially ethylated aldoses from cellobiose, it was found that the reduction reaches a 
maximum (approximately 97% complete) in &f ammonia (10 mg of sodium boro- 
deuteride) after 2 h at room temperature. 

G.l.c. r2t2ntion-ti’2 data. - The retention-times relative to two internal 
standards, on four g.1.c. columns, of 79 possible linkage-isomers of the seven aldoses 
commonly found in primary plant cell-walls are presented in Table I. These retention 
times were determined from the known mono-, oligo-, and poly-saccharides, either 
fully ethylated or purposely underethylated to give mixtures of partially ethylated 
alditol acetates. The retention times have a precision of approximately + l-2% in the 
immediate vicinity of one of the internal standards, but the precision then decreases 
to approximately + 10% on either side of each internal standard_ This is especially 
+ae with a given column over an extended period of time, as the column lifetime is 
fairly short (approximately 3 months), or when columns containing the same liquid 
phases but made at different times are compared. However, the relative elution-orders 
shown in Table I, together with the relative separations between any two peak maxima, 
are fairly reproducibIe as all of these determinations for Table I were made on the same 
column, without any change in conditions, during a single, continuous 36-h period. 
To use this table to identify an unknown peak in a chrcmatogram, it is best to use 
both internal standards but to rely more heavily on the retention time relative to the 
internal standard that is eluted closest to t&e unknown peak. 

TABLE II 

RELATIVE RElENTION-TIMES OF PAR-i-lALLY METHYLAnD ALDITOL ACETATES 

ON THREE DIFFJZRENT GAS-CHROhlATOGRAPHIC COLUMNS= 

Sugar 
residues 

GIycosidic 
linkages 
(i = terminal 

residue) 

Positions of 
O-methyl 

SrOWS 

Relative retention-times 

T. Tb T, 

Rbamnose t 2,3,4 0.50 0.55 0.55 

S x 
234 ‘3 

0.92 0.91 0.97 0.92 0.90 0.95 
1.38 1.33 1.33 

334 2 1.26 1.18 1.21 

Fucose t z3.4 0.69 0.71 0.69 
3 2,4 1.06 

334 2 1.33 

Arabinose tCfj 2,3,5 0.52 0.56 0.53 

t0?1 . XV 0.68 0.73 0.65 

2m 3,s 0.91 0.92 0.85 
3w-I . 2s 1.00 1.00 0.91 

5Wor4W 2,3 1.14 1.10 1.03 

2,5 v>, 2,4 (PI 3 1.60 1.51 1.44 

395 cn. 394 0 2 1.56 1.4? 1.38 

2,3,5 V, or 1.81 1.68 1.62 

2,3,4 0 
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TABLE II (continued) 

Sagar 
residues 

Gtycosidic 
Iinkages 
(t = terminal 
residue) 

Positions of 
O-methyl 
grcups 

Relative retention-times 

T, Tb T, 

Xylose 

Mannose 

Galactose 

Ghcose 

t 23 0.68 0.71 0.66 
2 or 4 3,4 or 2,3 1.22 1.16 1.09 

3 2,4 1.16 1.02 
3,4 or 2,3 2 OS- 4 1.65* 1.50 
2¶4 3 1.65 1.55 1.50 

t WA6 
2 3,46 
3 2,426 
4 2,396 
6 2,3,4 

236 334 
334 296 
4,6 2,3 

1.00 
1.44 
1.47 
1.53 
1.59 

2.06 

t 2,X46 1.14 1.13 1.10 
2 3/U 1.61 1.49 I .52 
3 2,496 1.55 1.47 I.47 
4 2,396 1.59 1.48 1.52 
6 2,394 1.82 1.67 1.70 

294 336 1.99 1.81 1.87 
2,6 394 2.32 2.05 2.14 
3-4 2,6 1.88 1.72 1.77 
396 2,4 2.27 2.03 2.09 
4,6 2,3 2.19 1.95 2.04 

t 2,3,4,6 0.98 0.99 1.00 
3 2,426 1.44 1.38 1.39 
4 2,396 1.63 1.50 1.56 
6 2,334 1.58 1.47 1.52 

233 496 1.94 1.76 1.84 

234 3,6 1.96 1.88 
324 2,6 1.88 1.73 1.81 
396 2,4 2.10 1.87 1.98 
436 2,3 2.14 1.90 2.01 

1.00 1.00 
1.37 
1.40 
1.44 
1.49 
1.87 
,1.67 

‘The glycosidic linkages to each of the glycosyl residues from which the partially methylated alditol 
acetates were synthesized are listed. The gas-chromatographic separations were performed on a 
Hewlett-Packard Model 7620A gas chromatograph. The retention times are relative to 2,3,4,6-tetra- 
O-methylmannitol 1,Sdiacetate (1). Retention times (T) are given for three different columns: 
(a) a 120 X0.3-cm (0.d.) copper column containing 3% ECNSS-M on Gas Chrom Q (100-120 mesh); 
(b) a 120 x 0.3-cm (0.d.) copper coIumn containing a mixture of 0.2% poIy(ethylene glycol adipate), 
0.2% poIy(ethyIene glycol succinate), and 0.4% silicone XF-1150 on Gas Chrom P (100-120 mesh); 
and (e) a stainless steel 15 mx 0.51~mm (i.d.) S.C.O.T. column (Perkin-Elmer Corp.) containing 
silicone OV-225. Chromatography on columns (a) and (b) was performed by temperature pro- 
gramming at lo per rnin from 110 to 180” with a helium flow rate of approximately 60 ml per min. 
Chromatography on column (e) was performed by temperature programming at 0.5” per min from 
150 to 190” with a helium flow-rate of approximately 6 ml per min. “Corrected from original published 
vaIue of 1.75. 
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The relative retention-times of some of these same polysaccharide components, 
as their partially methylated alditol acetates as determined by Talmadge et ~1.~’ in 
this laboratory, are presented in Table II. They used two of the same columns used 
here, under the same conditions, but also included data for a commercial 15.2 m 
SCOT column coated with OV-225. 

The relative retention-time reported for 1,2,3,4,5-penta-O-acetylarabinitol on 
column (a) demonstrates the nonreproducibility of the absolute numbers given in 
Tables I and II. As no alkyl groups are present in this derivative, it should give the 
same value in both Tables I and II. It does not (2.11 us. 1.81 relative to l), because of 
the nonreproducibility of columns and conditions. The order of elution, however, is 
preserved with both tables, demonstrating that the relative order, and not retention 
times, should always be compared for identification purposes, except in the immediate 
viciniq of the internal standards. 

PEGS, PEGA, and XF-Il.50 capillary coIumn. - The capillary column coated 
with PEGA, PEGS, and XF-1150 used for determination of retention times for 
partially ethylated alditol acetates has been used during 20 months with little or no loss 
of theoretical-plate resolution even though it is routinely operated at temperatures up 
to 205”. Packed g.1.c. columns having the same liquid phases will not tolerate these 
high temperatures and have a much shorter lifetime, even at lS5”. Our column has 
maintained approximately 5-6,000 theoretical plates, as measured with the rzzyu- 
inositol hexaacetate peak at 200”. This represents a height equivalent per theoretical 
plate of 2.8 mm, which is comparable with values for other capillary columns, even 
though they are considerably less polar. 

3.q 

I t I 1 1 I 

Q2 0.4 CE 08 IO 1.2 1.4 1.6 1.8 2.0 2.2 2.4 

Integration ratio terminal-Glc / 2 

Fig. 1. Quantitation of a partially ethylated aditol acetate. The g.1.c. peak area of 2,3,4,6-tetra-O- 
ethylglucitoi l,%diacetate [terminal-Glc, relative to myo-inositol hexaacetate (2)] is plotted as a 
function of the initial amount of cellobiose (l-6 mg) derivatized to its partialIy ethylated aIdito1 
acetates. A constant amount of my&nositol was added prior to hydrolysis. 
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Quantitation of the derivakarion. - It is imperative that any derivatization 
scheme for polysaccharide components be quantitative and linear in the range of 
concentrations that are normally encountered. To demonstrate the linearity of the 
response for partially ethylated alditol acetates, various amount of cellobiose 
(1.0-6.0 mg) were derivatized to the partially ethyiated alditol acetates by the 
procedure described. The peak areas of the two derivatives (from terminal-Glc and 
Csubstituted-Glc) relative to the peak area of nzyo-inositol hexaacetate, formed by the 
addition of a known and constant amount of myo-inositol during the hydrolytic step, 
are compared to the relative amount of cellobiose added. The result is shown in 
Fig. 1 for terminal-Glc. A very similar plot, showing the same degree of data repro- 
ducibility, is obtained for 4-substituted Glc. The best straight line has been drawn 
through these points. If this straight Iine is used for calibration, the uncertainty error 
is approximately t_ iO%. This uncertainty arises from losses caused by evaporation or 
degradation that occurs during derivatization. The losses due to evaporation can be 
especially significant for terminal aldose residues. 

DISCUSSION 

Synthesis of partially ethyIated alditol acetates. - Cellobiose was selected as a 
model compound to determine the optimum conditions for preparation of partially 
ethylated alditol acetates. Generalization of these optimum conditions for all poly- 
and oligosaccharides is risky. However, ethylation of a large polysaccharide (dextran), 
under these conditions gives results very similar to those obtained by methylation of 
that same dextran. 

The degree of underethylation has been used as an indication of extent of 
reaction during studies on the ethyIation conditions. This degree of underethylation, 
as measured by summing the peak areas of unexpected chromatographic components, 
is probably greater than the actual degree of UnderethyIation. The higher value results 
because much of the baseline noise included in this determination is not due to 
underethylation of carbohydrate, but more likely arises from impurities and degra- 
dation_ This calculated value, however, does represent an upper limit for under- 
ethylation. 

It was found necessary to perform two successive ethylations to obtain 90% 
perethylated oligo- or polysaccharide (equivalent to 97% ethylation); further treat- 
ments were considered unnecessary. 

Uranic acid esters have been shown to undergo /?-elimination when treated 
with strong base. For this reason, a second treatment of a poIysaccharide with 
“dimsyl” anion after initial methylation has been objected to by BjiirndaI ei aL3’. 

Nevertheless, in our laboratory, such complex polymers as are found in the primary 
cell-walls of plants are routinely remethylated to ensure complete etherification. This 
does lead to @-elimination of uranic acid esters; however, this /?-eIimination does not 
change the neutral-sugar analysis as the elimination does not degrade sugars that are 
glycosidically linked to a uranic acid. The uranic acids are then determined with a 
separate sample of polysaccharide by a procedure3’ not involving alkylation. 
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Although carbohydrates can be completely methylated by a single treatment 
with “dimsyl” anion and methyl iodide, complete ethylation is not achieved by a 
single treatment with the same concentration of “dimsyl” anion and ethyl iodide. 
A second treatment does complete the ethylation. This phenomenon can be explained 
by a deprotonation equilibrium and competing reactions consuming the alkyl 
iodide. The deprotonation of the carbohydrate reaches an equilibrium with the 
“dimsyl” anion in which part of the carbohydrate hydroxyl groups remain pro- 
tonated. This equilibrium is reached very rapidly and before the alkyl iodide is added. 
When the alkyl iodide is added, it can be consumed by either the carbohydrate 
alkoxide ion or by the “dimsyl” anion to give either the carbohydrate ether or a 
substituted sulfoxide. These two reactions compete for the alkyl iodide that is added. 
When methyl iodide is used, the partially deprotonated carbohydrate apparently 
consumes the methyl iodide faster than does the “dimsyl” anion. This formation of an 
ether of the carbohydrate allows the deprotonation equilibrium to become re- 
established by deprotonation of more hydroxyl gF0I.p. Thus, the excess “dimsyl” in 
solution does not consume methyl iodide very rapidly and acts only to deprotonate 
the carbohydrate as it becomes methylated to a continuousIy increasing degree. 
Complete methylation occurs by this continual shift of the equilibrium towards the 
alkylated species. This idea has been proposed by Bjomdal et aL3’. 

However, when the alkyl iodide is ethyl iodide, the rate of consumption of ethyl 
iodide by the “dimsyl” anion appears to be significantly fast in comparison to the rate 
of consumption by the carbohydrate alkoxide ion, so that the deprotonation- 
protonation equilibrium is not continuously shifted to allow complete ethylation. This 
shift does not occur because of the consumption of the excess “dimsyl” by ethyi 
iodide. No doubt, both reactions that consume alkyl iodide, with carbohydrate 
alkoxide and with “dimsyl” anion, are slowed by the substitution of ethyl for methyl, 
but apparently the rate of reaction with carbohydrate ‘alkoxide is decreased to a 
greater extent, so that the two reactions are more competitive. 

The second treatment of the partially ethylated carbohydrate tvith “dimsyl” 
anion and ethyl iodide yields a fully ethylated species because the deprotonation 
equilibrium is then established with essentially all of the hydroxyl groups depro- 
tonated. This is possible in the second treatment because the concentration of alkoxide 
ions on a given carbohydrate species is not nearly so large after the initial partial 
ethylation. 

Other workers37*48 have suggested a 34-h treatment of polysaccharides with 
“dimsyl” anion. This longer deprotonation time is not necessary for polysaccharides 
that are soluble in dimethyl sulfoxide because, as we have shown, the deprotonation 
equilibrium is established very quickly (in under 15 min). This longer deprotonation 
time, however, is probably beneficial for those polysaccharides that are only partially 
soluble in dimethyl sulfoxide. In these cases, the progressive deprotonation increases 
the solubility of the polysaccharide, probably by unfolding or uncoiling the poly- 
saccharide structure and making more hydroxyl groups available for deprotonation. 

Quantitative determinations. - It is important that any derivative used for 
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determination of polysaccharide structure be quantitatively formed and permit 
quantitation of the polysaccharide components. The conversion of various amounts 
of cellobiose into partially ethylated alditol acetates has shown that these derivatives 
can be used in quantitative determinations. The g.1.c. peak-area responses of 
terminal-Glc and Csubstituted Glc are linear over the range (l-6 mg) of cellobiose 
studied. The uncertainty of these determinations is approximately &IO%, probably 
because of evaporation losses and degradation of the derivatives, and should be 
considered the limits of the derivatization for quantitative determinations. 

In another paper61 we have presented the molar response-factors for various 
partially ethylated and partially methylated alditol acetates. These values will allow 
a more-accurate determination of the components of a polysaccharide. 

Partially etllylated alditol acetates as derivatives for g.l.c. - Syntheses of specific 
monoethyl ethers of sugars have been described previousIy62-65, but this study is the 
first application of perethylation of polysaccharides and the use of these polyethers 
with general g.1.c. and combined g_l.c.-m-s. The partially ethylated alditol acetates 
are formed in nearly quantitative yield, are eluted as a single, sharp peaks on g.l.c., 
exhibit readily interpretable mass spectra that fragment in a manner analogous to 
that of the methyl derivatives5*, and aliow separation of many of the polysaccharide 
fragments that have not been resolved as their corresponding partially methylated 
alditol acetates_ The ethyl derivatives are readily prepared by adaptation of the 
standard methylation method; some of the reaction parameters must be altered to 
attain maximum yieIds, and a second ethylation step is needed. 

Accurate determination of the retention times of partially ethylated alditol 
acetates is important in identifying the components from an unknown poly- 
saccharide because diastereomeric derivatives give essentially the same mass spectra; 
accurate determination of retention times in several chromatographic systems is 
essential. 

The partially ethylated alditol acetates are eIuted considerabIy sooner under 
the same chromatographic conditions than the corresponding partially methylated 
alditol acetates. This change in elution can be observed by comparing the retention 
times of compounds eluted near 2,3,4,6-tetra-U-methylmannitol 1,5-diacetate (1) in 
both Tables I and II. The most obvious example of this shift in elution time is 
terminal-Man, which as the methylated derivative is 1. Its retention-time as the ethyl 
derivative, relative to 1, is 0.62 on column (a). This very significant shift in retention 
time can be attributed to the increased hydrophobic nature of the ethyl derivative over 
the methyl analog. The resultant lowering of the interaction with the polar liquid 
phase on the column is more important than the increase in molecular weight in 
determining the shift in elution. This phenomenon is the basis for the value of the 
partially ethylated alditol acetate as a derivative for polysaccharide analysis. 

Specif?c examples of the importance of the shift in elution order of partially 
ethylated alditol acetates relative to their methyl analogs are shown in Table III, 
which contains selected data from Tables I and II. The methyl derivatives of 3- 
substituted Araf, terminal-Man, and terminal-Glc are eluted under a single peak; 
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TABLE JIT 

SELECTED RETENTION-TIh5E DATA FROM TABLES 1 AND II” 

Sirgar 
residue 

Glycosidic 
linkages in 
compound 

Relative retention-times 

Met?ty! Erhyl 

Araf 
MEUl 
GlC 

kaf 3,5- 1.56 1.64 
Gal 4- 1.59 1.41 
Man 6- 1.59 1.31 
Araf 2,5- 1.60 1.73 
Glc 4- 1.63 1.49 
XYl 2-4 1.65 i.82 

Rha 2,4- 1.38 1.34 
Man 4- 1.53 1.34 

3- 1.00 0.88 
terminal 1.00 0.62 
terminal 0.98 0.69 

These retention times allow direct comparison of the elution order of several carbohydrate linkage 
isomers as both their partially methylated and partially ethylated alditol acetates. Chromatography 
is on column (a) relative to 2,3,4,6-tetra-0-methylmannitol l,%diacetate (1) as the internal standard. 

however, as ethyl derivatives, they do not. The separation between the two terminal 
sugars and 3-substituted-Arafis especially large because both terminal sugars contain 
four alkyl groups to only two for S-substituted Araf: Thus, the terminal sugar 
derivatives are shifted to a much shorter elution-time by substitution of ethyl for 
methyl than is the 3-substituted Araf derivative. Another example that demonstrates 
this same effect is also shown in Table III. Six different methylated sugars are eluted at 
very nearly the same retention times (1.56-1.65). Ifall were present in a single sampie, 
one very broad, overlapping peak would be seen. However, the separations are much 
greater as their ethyl derivatives (1.31-l-82), the compounds containing the most alkyl 
groups being shifted to the shortest retention-times. In studies on the structure of 
primary plant cell-walls, this particular separation is exceedingly important, as four 
of these derivatives (3,5_substituted Ara, 4-substituted Gal, Psubstituted Glc, and 
2,4_substituted Xyl) account for 36% of the primary cell-walls of dicotyledons3’. 
This improvement in separation is even more significant because 4-substituted Glc 
(from cellulose) accounts for about 25% of the walls and its g.1.c. peak size masks the 
other partially methylated alditol acetates, making quantitation dil7rcult. pvfany other 
examples of the change in chromatographic resolution may be found by examination 
of Tabies I and II. 

Ethylation instead of methylation can also cause two compounds to coelute 
that did not coelute as methyl derivatives_ This is illustrated by the last example in 
Table III (2,4_substituted Rha and 4-substituted Man). For this reason, partially 
methylated and partially ethylated alditol acetates are best used as complementary 
derivatives. 
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In general, the effect of ethylation as opposed to methyl&ion can be summarized 
as follows: if two or more compounds overlap as partially methylated alditol acetates 
and they contain a different number of alkyl ethers, ethylation instead of methylation 
will allow separation of the derivatives, with the compound containing the greater 
number of alkyl groups being eluted first. However, if the overlapping compounds 
contain the same number of alkyl groups, ethylation will generally not resolve the 
compounds but may increase their separation to a small extent. 

ACKNOWLEDGMENT 

The authors thank and acknowledge the assistance of Dr. Sanford Markey of 
the University of Colorado Medical Center, in whose laboratory all of the combined 
gas-liquid chromatography-mass spectrometry was performed. 

REFERENCES 

1 C. C. SWEELEY, R. BENTLEY, M. MAKITA, AND W. W. WELLS, J. Amer. Chem. Sue., 85 (1963) 2497. 
2 C. C. SWEELEY AND B. WALKER, Anal. CJzem., 36 (1963) 1461. 
3 J. KXRKK~~INEN AND R. VIHE;O, Curbohyd. Res., 10 (1969) 113. 
4 J. KXRKXAINEN, Carboltyd. Res., 11 (1969) 247. 
5 0. S. CHIZHOV, N. V. MOLODTSOV, AND N. K. KOCHETKOV, Carbohyd. Res., 4 (1967) 27.7. 
6 D. C. DEJONGH, T. RADFORD, J. D. HRIBAR, S. HANEZZAN, M. BIEBER, G. DAMSON, AND C. C. 

SWEELEY, J. Amer. CJzem. Sue., 91 (1969) 1728. 
7 G. PETERSON, 0. SAhmxsoN, K. ANJOU, AND E. VON SYDOW, Acta Chem. Scat& 21 (1967) 1251. 
8 M. B. PERRY AND R. K. HULYALICAR, Can. J. Biochem., 43 (1965) 573. 
9 I. M. MORRISON AND M. B. PERRY, Can. J. Biochettt., 44 (1966) 1115. 

10 A. G. MCINNES, D. H. BALL, F. P. COOPER, AND C. T. BISHOP, J. CJzromotogr., 1 (1958) 556. 
11 J. KXRKKXINEN, Carbohyd. Res., 17 (1971) 11. 
12 J. KXRKRXINEN, Carbohyd. Res., 14 (1970) 27. 
13 K. HEYNS, D. MUELLER, R. STIJTE, AND H. PAULSEN, Chem. Ber., 100 (1967) 2664. 
14 S. W. GUNNER, J. K. N. JONES, AND M. B. PERRY, Chetn. Ind., (1961) 255. 
15 H. BJGRNDAL, B. LINDBERG, AND S. SVENSSON, Carbohyd. Res., 5 (1967) 433. 
16 S. W. GUNNER, J. K. N. JONES, AND M. B. FERRY, Can. J. Chem., 39 (1961) 1892. 
17 J. S. SAWARDEKER, J. H. SLONEKER, AND A. JEANES, Anal. CJzem., 37 (1965) 1602. 
18 P. ~~LBERSHEI~~, D. J. NEVMS, P. D. ENGLISH, AND A. KARR, Carbolzyd. Res., 5 (1967) 340. 
19 M. VILKAS, HIU-I-JAN, G. BOUSSAC, AND M. C. BONNARD, Tetrahedron Lett., 14 (1966) 1441. 
20 0. S. CHIZHOV, B. A. DMITRIEV, B. M. ZOLOTAREX, A. YA. CHERNYAK, AND N. K. KOCHETKOV, 

Org. Mass. Spectrum., 2 (1969) 947. 
21 J. SHAPIRA, AUure, 222 (1969) 792. 
22 J. SHAPIRA, Carbohyd. Res., 25 (1972) 535. 
23 J. P. ZANEITA, W. C. BRECKENRIDGE, AND G. VINCENDON, J_ Chrotatogr., 69 (1972) 291. 
24 F. EISENBERG, JR., Carbohyd. Res., 19 (1971) 135. 
25 P. J. WOOD AND I. R. SIDDIQUI, Curbohyd. Res., 19 (1971) 283. 
26 R. A. LAINE AND C. C. SWEELEY, Anal. BiocJtem., 43 (1971) 533. 
27 E. C. HORNING em hl. G. HORNING, Methods Med. Res., 12 (1970) 396. 
28 R. A. LAINE AND C. C. SIVEELEY, Carbohyd. Res. ,27 (1973) 199; T. W. ORXE, C. W. BWXE, AND 

P. P. ROLLER, ibid., 37 (1974) 261-266. 
29 G. PETER~SON AND 0. SAMUELSON, Suensk Papperstidn., 71 (1968) 78. 
30 Y.-C. LEE AND 6. E. BALLOU, Biochemistry, 4 (1965) 257. 
31 J. N. C. WHYTE, Can. J. Chem., 51 (1973) 3197. 
32 V. M. EAXERWOOD AND B. J. L. HUFF, Suensk Papperstidn., 72 (1969) 768. 
33 R. VARMA, R. S. VAR~~A, AND A. H. WARDI, Abstracts Papers Amer. Chem. Sot. Meeting, 165 

(1973) A-l. 
34 D. G. LANCE AND J. K. N. JONES, Con. J. Chem., 45 (1967) 1995. 



216 D. P. SWEET, P. ALBERsHEIh& R. H. SHAPIRO 

35 I3. A. DECRIED, L. V. BACKINOWSKY, 0. S. CHUHOV, B. M. ZOLOTAREV, AND N. K. KOCHETKOV, 
Corbohyd. Res., 19 (1971) 432. 

36 See ref. 33. 
37 H. BJ&NDAL, C. G. HELLERQVIST, B. LINDBERG, AND S. SVENSSON, Angero. Chem., 82 (1970) 643. 
38 T. M. Jam AND P. ALBERSHEIM, PIant Physiol., 49 (1972) 926. 
39 K. W. TAL~~ADGE, K. KEEGSTRA, W. D. BAUER, ANLI P. ALBERsHEIhf, P/ant F’hysid., 51 (1973) 

158. 
40 W. D. BAUER, K. W. TALMAJJ GE, K. KEEGSTRA, AND P. ALBERSHEIM, Planr Physiol., 51 (1973) 

174. 
41 K. KEEGSTRA, K. W. TAL~~DGE, W. D. BAXJER, AND P. ALBERSHEUI, Plant Physiol., 51 (1973) 188. 
42 B. M. WILDER AND P. Ar_BER%zIhf, Plant Physiol., 51 (1973) 889. 
43 B. S. VALENT AND P. ALBERSHEIM, Plant Physio!., 54 (1974) 105. 
44 D. BURKE, P. KAUFMAN, M. MCNEIL, AND P. ALBERSHEIM, Plant Physiol., 54 (1974) 109. 
45 H. BJGRNDAL, B. LINDBERG, AND S. SVENSSON Carbohyd. R~J., 5 (1967) 433. 
46 H. BJQRNDAL, B. L-BERG, A. PILO~T, AND S. SVENSSON, Curbohyd Res., 15 (1970) 339. 
47 M. MCNEIL, personal communication. 
48 S. HAKOMORI, J. Biochem. vokyo), 55 (1964) 205. 
49 P. A. SANDFORD AND H. E. CONRAD, Biochemistry, 5 (1971) 1508. 
50 E. J. COREY AND M. CHAYKOVSKY, J. Amer. Chem. Sot., 84 (1962) 866. 
51 C. A. BROVZN, J. Amer. C&m. Sot, 95 (1973) 982. 
52 Z. DISCHE, Metho& Curbohyd. Chem., 1 (1962) 477-512. 
53 W. E. BAMBRICK AND J. T. GEOGHEGAN, J. Chromatogr. Sci., 8 (1970) 232. 
54 T. R. MON, R. R. FORREY, AND R. TERANISHI, J. Gas Chromarogr., (1967) 497. 
55 L. S. ETTFE, Gperr Tubular Columns in Gus Chromatography, PIenum Press, New York, 1965, 

p. 81. 
56 J. G. NIKELLY AND M. BLUhlER, American Laboratory, 6 (1974) 12. 
57 E. 3. MALEC, J. Chromatogr. Sci., 9 (1970) 318. 
58 D. P. SWEET, R. H. SHAPIRO, AND P. ALBERSHEIM, Biomed. Mass Spectrom., 1 (1974) 263. 
59 S. P. MARKEY, Anal. Chem., 42 (1970) 306. 
60 J. R. PLAI-I-NER AND S. P. MARKEY, Org. Mass. Spectrom., 5 (1971) 463. 
61 D. P. SWEET, R. H. SHAPIRO, AND P. ALBERSHEZM, Carbohyd. Res., 40 (1975) 217 (foliowingpaper). 
62 P. B. FARMER, A. B. FOSTER, M. JARMAN, AND M. J. TISDALE, Biochem. J., 135 (1973) 203. 
63 J. T. KU~MIEREK, M. KIELANOWSKA, AND D. SHUGAR, Biochem. Biophys. Res. Commun., 53 (1973) 

406. 
64 A. DUCRTJIX, C. PASXRD-BILLY, D. HORTON, AND J. D. WANDER, Ctrbohyd Res., 29 (1973) 276. 
65 B. LINDBERG, J. L~NNGREN, AND J. L. THOMPSON, Carbohyd. Res., 28 (1973) 351. 


