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Abstract

Described is an efficient method for the synthesis of the sixteen positional isomers of
methylated and acetylated or benzoylated 1,5-anhydro-p-glucitol. The compounds are generated
simultaneously by partial methylation of 1,5-anhydro-D-glucitol and subsequent benzoylation, and
the individual isomers are obtained in pure form by high-performance liquid chromatography.
Debenzoylation of the latter and acetylation yielded the desired acetates. Reported are the 'H
NMR spectra of the benzoates and the electron-ionization mass spectra of the acetates and the
tetra-O-methyl derivative. Also reported for the acetates and the tetra-O-methyl derivative are their
linear temperature programmed gas—liquid chromatography retention indices on three different
capillary columns.

Keywords: Reductive-cleavage; D-Glucitol, 1,5-anhydro-; Methylated and acylated

1. Introduction

The reductive-cleavage method [1] for glycosyl-linkage analysis is based upon
methylation analysis but departs from it significantly in that reductive cleavage, rather
than hydrolysis, of glycosidic linkages in the fully methylated glycan is performed. The
products, partially methylated anhydroalditols, are identified by comparison of the GLC
retention indices and chemical-ionization (CI) and electron-ionization (EI) mass spectra
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of their acetates to those of authentic standards. We recently described a general
procedure for the synthesis of such standards as illustrated for the synthesis of the eight
positional isomers of methylated and acetylated or benzoylated 1,5-anhydro-p-fucitol [2].
The positional isomers were generated simultaneously by partial methylation of 1,5-
anhydro-D-fucitol and subsequent benzoylation, and the individual isomers were ob-
tained in pure form by HPLC. Debenzoylation and acetylation afforded the desired
acetates.

Described herein is the application of this approach to the synthesis of the sixteen
positional isomers of methylated and acetylated or benzoylated 1,5-anhydro-D-glucitol
(1-16). As an aid to those who wish to use the reductive-cleavage method, 'H NMR
spectra of the fifteen methylated and benzoylated positional isomers (2b—16b) are
reported, as are the electron-ionization (EI) mass spectra of the corresponding acetates
(2a-16a) and the tetra-O-methyl derivative (1). In addition, the retention data of the
acetates (2a—16a) and the tetra-O-methyl derivative (1) on three different GLC columns
are reported as linear temperature programmed gas—liquid chromatography retention
indices (LTPGLCRI), a particularly accurate method of identification, but one not used
until recently [2] for carbohydrate derivatives useful in glycosyl-linkage analysis.
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2. Results

Synthesis.—The tetra-O-methyl (1), tetra-O-acetyl (16a) and tetra-O-benzoyl (16b)
derivatives of 1,5-anhydro-D-glucitol were prepared from the latter by total methylation
[3], acetylation, and benzoylation, respectively. The remaining fourteen partially meth-
ylated and benzoylated positional isomers (2b—15b) were prepared by partial methyla-
tion [4] of 1,5-anhydro-D-glucitol, followed by benzoylation in situ [2]. The resultant
mixture of partially methylated 1,5-anhydro-D-glucitol benzoates was then separated by
semipreparative reversed-phase HPLC using a Rainin C,; column (Table 1). The
individual components were isolated and, after removal of solvent, were identified by 'H
NMR spectroscopy. Fractions containing compounds that were not resolved (2b and 5b;
7b, 10b and 11b; 12b and 15b) were applied to a Regis silica gel column and, in all
cases, complete separation was achieved (Table 1). A portion of each benzoate was then
debenzoylated (NaOMe in MeOH), and the product was acetylated, affording the
partially methylated 1,5-anhydro-D-glucitol acetate in chromatographically pure form.

Table 1

Reversed-phase and normal-phase capacity factors (') of compounds 2b-16b *
Compound ® (Position K

of benzoyl) Reversed-phase © Normal-phase ¢
4b (4-) 1.95

3b(3) 2.08

2b (2-) 257 424°
5b (6-) 2.57 3.33
% (3,4-) 3.87

6b (2,3-) 424

7b (2,4-) 4.34 12.69 f
10b (3,6-) 4.34 15.22
11b (4,6-) 4.34 11.97
8b (2,6-) 4.77

12b (2,3,4-) 5.11 3.69 8
15b (3,4,6-) 5.11 4.07
13b (2,3,6-) 5.40 2.06 &
14b (2,4,6-) 5.40 2.53
16b (2,3,4,6-) 5.83

* Capacity factors (k') were calculated from the equation k'(x)= (i, — fy)ty, Where ¥'(x) is the capacity
factor of interest, (x), ¢, is the absolute retention time of the compound of interest (x), and #, is the dead
time. Dead time was estimated from the equation ¢,, = (0.5Ld2)/F, where 0.5 is a unitless constant, L is the
length of the column in centimeters, d_ is the column diameter in centimeters, and F is the column flow rate
in mL/min.

® Compounds listed in the order in which they eluted from the C,g column.

¢ Reversed-phase HPLC was conducted using a 5-um particle-size Rainin Dynamax Microsorb semi-prepara-
tive C;z column (1.0 cmX25.0 cm) that was equilibrated in 50:50 MeCN-H,O at 3.0 mL/min. After
injection, the column was eluted for 10 min, then programmed with a linear gradient to 95:5 MeCN-H,O over
20 min.

d Normal-phase HPLC was conducted using a 5-um particle-size Regis silica gel column (0.46 cm X 25.0 cm).
After injection, the column was eluted isocratically until all compounds had passed through the column.

© The column was equilibrated in 80:20 hexane-EtOAc at 3.0 mL /min.

T The column was equilibrated in 92:8 hexane-EtOAc at 3.0 mL? /min.

£ The column was equilibrated in 85:15 hexane—EtOAc at 3.0 mL/min.
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1,5-Anhydro-2,3,4,6-tetra-O-methyl-D-glucitol (1)
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Fig. 1. Electron-ionization mass spectra of the partially methylated 1,5-anhydro-D-glucitol acetates (com-
pounds 1 and 2a—16a).
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6-0-Acetyl-1,5-anhydro-2,3,4-tri- O-methyl-D-glucitol (68)
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Fig. 1 (Continued).
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3,4-Di-O-acetyl-1,5-anhydro-2,6-di- O-methyl-D-glucitol (9a)
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Fig. 1 (Continued).
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2,3,6-Tri-O-acetyl-1,5-anhydro-4-O methy-0-gluctol (13a)
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"H NMR spectra of partially methylated 1,5-anhydro-p-glucitol benzoates (2b—16b).
—Given in Table 2 are 'H NMR spectral data for compounds 2b—16b. The individual
components of the mixture were easily identified based upon a straightforward analysis
of the chemical shifts and coupling constants of the ring hydrogen resonances. All
resonances displayed the multiplicities and coupling constants expected for a tetrahy-
dropyran derivative of the gluco-configuration in the 4C1 conformation and, in addition,
the positions of substitution of benzoyl groups were readily discerned based upon the
large downfield shift of the respective ring hydrogen resonances. Since the multiplicities
of H-3 and H-4 ester methine proton resonances of tetrahydropyran derivatives of the
gluco-configuration are both apparent triplets with similar coupling constants, they were
not readily distinguishable by '"H NMR experiments. However, they were easily
differentiated by performing "H NMR selective decoupling or 'H-H correlated spec-
troscopy (COSY) experiments.

Mass spectra of the methylated 1,5-anhydro-p-glucitol acetates (1, 2a—16a).—Com-
pounds 1 and 2a—16a were analyzed by chemical ionization mass spectrometry (CIMS)
with ammonia as the reagent gas and by electron-ionization mass spectrometry. The CI
(NH,) mass spectra of all compounds displayed the expected (M + H)* and (M +
NH,)* ions, which, because of the their unique molecular weights, readily identifies
them as anhydrohexitol derivatives. The EI mass spectra (Fig. 1) of the compounds (1,
2a-16a) readily identified them as 1,5-anhydrohexitol derivatives since all displayed
characteristic fragment ions for loss [5] of either the exocyclic methoxymethyl (MeOCH,,
M —45) or exocyclic acetoxymethyl (AcOCH,, M —73) group. Although fragmenta-
tion pathways for 1,5-anhydrohexitol derivatives have not been established, it is clear
from inspection of their mass spectra that they are diagnostically different and fragmen-
tation patterns appear to be similar to those of methyl hexopyranoside derivatives as
reported by Kotchetkov and Chizhov [6].

GLC retention indices of methylated 1,5-anhydro-p-glucitol acetates (1, 2a—16a).—
Given in Table 3 are the linear temperature programmed gas—liquid chromatography
retention indices [7] (LTPGLCRI) values for compounds 1 and 2a—16a determined on
three different capillary columns [2]: one (DB-5), a relatively nonpolar stationary phase
(5% phenyl-95% methyl polysiloxane), one (DB-17), a more polarizable stationary
phase (50% phenyl-50% methyl polysiloxane), and one (RT,-200), a relatively polar
stationary phase (50% trifluoropropyl~50% methyl polysiloxane). Analyses were per-
formed in triplicate on each column using a mixture of all sixteen compounds and a
mixture of n-alkanes from C; H,, to C,xH,, as retention index standards [7]. All
standard deviations were less than 0.1.

3. Discussion

This is another of a series of papers describing the synthesis and spectral characteriza-
tion of authentic standards for the reductive-cleavage method. The goal of these studies
is to provide such data for standards representing all possible combinations of position(s)
of linkage and ring form for the most frequently encountered sugars. For such an effort



93

L.E. Elvebak II, G.R. Gray / Carbohydrate Research 274 (1995) 85-97

‘paInosqo AT[ended soueuosoy P
‘spyruBewr [enbo Apresu Suiaey sjueysuoo Surpdnoos jo
ted e yiim ‘A[9An0adsar (ppp) S191qNOP JO S19IQROP JO 19[qNOp pue (PP) SI9IqNOP JO 13[qnop € A[[enjoe arom (3p) s391d1n O J9[qnop & pue (1) 191din & se pauSisse soouRLOSaI Ay, N
'sjo[din Jo 191qnop ‘p ‘1o1dn 4 Garrenb ‘b isyergnop jo 19qnop ‘pp 191gnop ‘p ‘peoiq ‘1q spnpur sandRNp a
'€1'8-9¢°L ¢ 1 sudaB0IpAy [A0ZUDq 10] PAAIISQO IIIM SIOUBUOSAI [RUORIPPY .

xo[dwod @Tz1'L'e) (9°6°0°°L°T) *L'6) 9°6) (0'01°9°5) (6°01) xo[dwoo -9v'€‘7)

8r'v-Cry PP €9V PPP ¥O'Y 199°¢ 126'S Wib's 119°¢ 8 v—Eb'p Q91

@TI'CS) @r'L7) (86€°5°LT) (8'6) r'6) (8'6°¢°S) (8°01) 1res) -9v'€)

we PP 6EY PP 95 PPP 26'€ 16%°S 109°S P 89E p IUPE PP Ot qs1
(€T1°9°S) (€T1°0°€) (€'6°9°5°0°€) (1°6) (6'8) (§6°5°9) (9'01) (€116°8) (-9'v'7)

0s’e PP 6E'Y PP 8S'¥ PPP 16°¢ 1Zrs £8°€ LTS 15p€ PP EEY a1
©IIvy) OZT°ET) (96v'v°¢T) (5°6) ¥'6) (101°5°5) wor) (I'1T°6°S) (-9°€7)

9b'¢ PP LSV PP 89 PPP ZL'E 119°€ IS WP6T'S 16v'€ PP EEY qgr

xajdwos xo1dwoo (0°01°9°5°6'2) @we) (9°6) (0°01°s°S) xa1dwod 11°5°9) (-+v'€T)

LEE 09'€-€5°€ 09°¢—€£S°¢ PPP $8°€ 106°S 188°S WIFS 09€-€SE PP SH¥ qz1
@T'TI'S’S) @TTI'87) 00T°s'$°8°7) (s°6) xa[duwod xoduiod (9°01) FITL'Y) -9'%)

TSEISE PP 0V PP ESY PPP 9L°€ 1876 I E-1PE I E-TH'E 19T¢ PPIT'Y u
6T1°0°S) 611°T2) (8'6°0°S‘T7) ($°6) '6) (6'6C°S) 0'11) €11°TS) (-9€)

WELES PP 0OS't PP ¥9'b PPP £9°€ * LEVE 100§ wIsE 1zee PP6LY q01
(8°0T°0'9) (8'01°9°7) (8'6°0°9°9°2) L6) '6) 6°6°C’S) O°1D) @1res) +'c)

0V EvEE PP LYE PP TSE PPP ¥L'E 1566 196°¢ P Y9E 1T PP 6C¥ 96
(6'11°9't) GTIL'T) xodwod (£6) xadwod 001°6°5) won) ©'11°6°5) 92)

79'€'65°€ PP 6V'V PP £9'% $5°€-05°E 15¢€°€ $S'€-08°E WPEL'S 11€e PP 6LF qs
@) 8'v) (8'49°6) (T6) (1'6) (8'6°9°6) (go1) T11°9°5) -+7)

LY'ESEE pPISE pPISE wLe p1ETS 108°€ p P STS 1T PP IEY q
(90L‘T'Y) 901°T2) @617 (s°6) (s°6) (101°9°6) won) a11'ecs) £

I EPPE PP 99°€ PP OL'E PPP 6¥'E 109°€ 199°G P 9TS 1Ep€ PP EEY 99
(611°6't) 611°02) (€667°07) ws) (5°8) or'Ts) (8°01) a1res) -9)

LYEISEGY'E PP EV'Y PP 65 PPP TH'E 1LrE 102°€ WP 8TE 1zre PP LOY qs
xajdwos 901°L'D) (8'6'S'9°'L'T) (5'6) xa]dwod xopduwod won) #'118P) G2)

1S €6V €TEE PP E-8€'€ PP StE PPP 85°€ 180°S YrE-8€E vb'e-8€°€ 17T€ PPILY v
(S0I‘T'Y) ($°01°02) L6TH07T) xojdwod 6) xa]dwoo (6°01) @T11e’5) -£)

TYE6EESEE PP 09'€ PP ¥9°€ » PPP 8E'E IS E—E¥'E 1EE°S 1S°€-€P'E 182°€ PP LTV q¢
xajdwos (s'01°02) (8'6°0°5°0'7) '6) 16) 6'6'9°S) (8°01) O 11'9°5) -2

6SELSEEYE 09°€-85'¢ PP S9°¢ PPP £€°€ 162°¢ VLvE wors 192°¢ PP 6Ly qz
(24 Jo sod)

N-0 SH 9H P s H s €H s TH 2 ®I'H 3-H punoduwon

qe 49T—9q7 sdeozuaq [03on|8-a-oxpAque-¢‘T pojedgiow Ajensed 1oy (s1930e1q Ul ZH W [ ‘wdd wr @) eyep YWN H,

T JIqeL



94 L.E. Elvebak II, G.R. Gra.y / Carbohydrate Research 274 (1995) 85-97

Table 3
Linear temperature programmed gas—liquid chromatography retention indices (LTPGLCRI) of compounds 1
and 2a~16a?

Compound (position Stationary phase
of acetyl)

DB-5 DB-17 RT,-200
1 (none) 1363.28 ° 1570.08 1508.98
4a (4-) 1530.28 1794.07 1833.52
2a(2-) 1537.86 1774.45 1847.51
5a(6-) 1543.99 1804.50 1796.37
3a(3-) 1566.13 1857.46 1910.45
9a (3,4-) 1644.98 1960.74 2039.45
6a (2,3-) 1658.39 1951.33 2076.33
11a (4,6-) 1685.29 2000.00 2068.64
7a (2,4-) 1694.42 1977.96 2151.07
8a (2,6-) 1716.99 2007.42 2151.07
10a (3,6-) 1738.59 2080.86 2200.00
12a(2,3,4-) 1750.40 2066.11 2240.41
15a (3,4,6-) 1789.05 2152.78 2258.13
13a (2,3,6-) 1830.04 2175.85 2374.62
14a (2,4,6-) 1847.07 2175.85 2396.29
16a (2,3,4,6-) 1894.83 2256.17 2469.65

* Indices were determined using a mixture of all compounds co-injected with the homologous series of
n-alkanes from C; H,, to C,Hs,. Values were calculated from the equation LTPGLCRI,=100n+
[100 An(tpeyy — triny)/(tr(n+ an) — tr(ny)h Where LTPGLCRI, is the linear temperature programmed gas—
liquid chromatography retention index of the compound of interest (x), » is the carbon number of the n-alkane
standard eluting just before the compound of interest (x), An is the difference in carbon number between the
n-alkane standard eluting just before and just after the compound of interest (x), fg(x) 18 the absolute retention
time of the compound of interest (x), and g ,,; and tg, 4, are the absolute retention times of the n-alkanes
eluting just before and just after the compound of interest (x).

® Values are listed according to increasing retention index on the DB-5 column.

to be successful, a simple, rapid method for the synthesis of these compounds was
needed, and, moreover, a method of synthesis was needed wherein the ring form (furan,
pyran) of the anhydroalditol product was not in question. As illustrated previously for
the synthesis of methylated and acetylated positional isomers of 1,5-anhydro-p-fucitol
[2], 1,5-anhydro-D-galactitol [8], and 1,5-anhydro-D-mannitol [9], and herein for the
methylated and acetylated positional isomers of 1,5-anhydro-D-glucitol, these require-
ments are easily met by a strategy involving partial methylation of the corresponding
1,5-anhydroalditol. This strategy also has the advantage of providing both the benzoyl
and acetyl derivatives of the standards, as both types of derivatives are useful for
structural analysis.

Equally as important as the development of an efficient synthetic scheme was the
decision to report retention data as retention indices on three different stationary phases.
As the data base of reductive-cleavage standards has grown, it has become apparent that
the probability is great that two or more compounds might have very similar retention
data on one, and even two, different stationary phases. As described by Elvebak [10],



L.E. Elvebak Il, G.R. Gray / Carbohydrate Research 274 (1995) 85-97 95

combining the accuracy and precision of retention indices [11] with the superior
differentiation power of a three-stationary phase approach [12] ensures that retention
data will be reliable and unambiguous.

4. Experimental

General.—Reagents and solvents were prepared as previously described [2]. All
alkane standards were obtained from Aldrich Chemical Company. A stock solution of
the homologous series of alkanes from C,;H,, to C,,H,, was prepared by combining
20-30 mg of each alkane and diluting to 10 mL with hexane.

Instrumentation.—HPLC was performed using a Beckman model 338 System Gold
chromatograph. Reversed-phase chromatography was performed on a 5-um particle-size
Rainin Dynamax Microsorb semi-preparative C,, reversed-phase column (1.0 X 25 cm)
equipped with a guard column (1.0 X 5 c¢m) having the same packing. Normal-phase
chromatography was performed on a 5-um particle-size Regis Spherisorb SSW Hi-Chrom
analytical silica column (0.46 mm X 25 cm). The system was fitted with a 2.0-um
stainless steel in-line filter frit installed between the solvent mixing chamber and the
injector and a 0.50-um stainless steel filter frit installed between the injector and the
guard column. UV-vis detection was performed at 254 nm and 280 nm for reversed-
phase and normal-phase chromatography, respectively.

Analytical GLC was performed on a Hewlett—Packard 5890 gas—liquid chromato-
graph equipped with two split/splitless injection ports, two flame ionization detectors,
and a Perkin—Elmer Nelson 1020X Dual Channel Personal Integrator. The columns used
were a J& W Scientific DB-5 fused silica capillary column (0.25 mm X 30 m, 0.25-um
film thickness, 5% phenyl-95% methyl polysiloxane stationary phase), a J& W DB-17
fused silica capillary column (0.25 mm X 30 m, 0.25-um film thickness, 50% phenyl—
50% methy] polysiloxane stationary phase), and a Restek RT,-200 fused silica capillary
column (0.25 mm X 30 m, 0.25-um film thickness, 50% trifluoropropyl-50% methyl
polysiloxane stationary phase). Each column was fitted with a J& W deactivated fused
silica capillary guard column (0.25 mm X 1 m) via a press-tight connector (either J & W
or Restek). Chromatography on the DB-5 and RT,-200 columns was performed simulta-
neously by fitting these columns and a guard column into a two-way (Y) press-tight
capillary column splitter (Restek); the guard column was installed in the injection port.
The injector and detector temperatures were set at 250°C and 275°C, respectively.
Helium was used as the carrier gas at measured linear velocities (methane injection,
oven temperature 80°C) of 26.1, 28.4 and 27.8 cm /s, respectively, for the DB-5, DB-17
and RT,-200 columns. The temperature program for all columns, which was optimized
according to the guidelines set forth by Krupcik, et al. [13] was 80-250°C at 2°/min
with no initial hold time.

GLC-MS analyses were performed using a Finnegan MAT 95 high-resolution
double-focusing, reverse-geometry mass spectrometer equipped with a Hewlett—Packard
5890A Series II gas chromatograph and a DEC model 2100 workstation. Chemical-ioni-
zation mass spectra were acquired with NH, as the reagent gas at a source temperature
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of 180°C, and NH, was introduced at a pressure of 4 X 10™* torr as indicated on the
source ionization gauge. For CI spectra, the instrument was scanned from m /z 60-650
at 1 s /decade. Electron-ionization mass spectra were obtained at an ionization energy of
70 eV and at a source temperature of 200°C. For EI spectra, the instrument was scanned
from m /z 20-650 at 1 s/decade. The accelarating voltage was 5 kV. Both CI and EI
spectra were acquired at a resolution of 1,000 (10% valley definition).

"H NMR spectra were recorded on a Varian VXR-500S NMR spectrometer in CDCl,
as the solvent and were referenced to internal tetramethylsilane.

Partially methylated 1,5-anhydro-p-glucitol benzoates (2b—16b).—1,5-Anhydro-D-
glucitol (80 mg), prepared by the method of Ness et al. [14], was dissolved in 4 mL of
dry Me, SO in a flame-dried 10-mL conical flask. Three 1-mL aliquots of this solution
were removed and added separately to flame-dried 10-mL conical flasks. To each
reaction was added 0.75, 1.5, 2.5, and 3.5 equiv, respectively, of lithium methylsulfinyl-
methanide. The reaction mixtures were then methylated and benzoylated as previously
described [2].

Separation of the above mixture of benzoates (2b—16b) was accomplished by
reversed-phase and normal-phase HPLC (Table 1) using a semipreparative C,; column
and an analytical silica gel column, respectively. Aliquots (20 wL) of the mixture were
applied to the C;; column, which was equilibrated in 50:50 MeCN-H,O at 3.0
mL /min. After injection, the column was eluted for 10 min, then programmed with a
linear gradient to 95:5 MeCN-H 0 over 20 min. The individual components from eight
or more applications were collected and combined and, after removal of solvent by
evaporation under vacuum, were dissolved in CDCl, and identified by'H NMR
spectroscopy.

Compounds (2b and 5b; 7b, 10b and 11b; 12b and 15b), which did not separate
under reversed-phase HPLC conditions, were each isolated in pure form by normal-phase
HPLC (Table 1). The contents of the NMR tubes containing the mixtures of components
were quantitatively transferred to separate 10-mL conical vials and the CDCl; was
removed by evaporation under vacuum. The compounds were redissolved in 200 pL of
EtOAc. Aliquots (20 uL) of the mixtures were applied to the analytical silica gel
column which was equilibrated in hexane—EtOAc at 3.0 mL/min (See Table 1 for
eluent concentrations specific to each set of compounds). The column was then eluted
isocratically until all compounds had passed through the column. The individual
components were collected and combined and, after removal of solvent by evaporation
under vacuum, were dissolved in CDCl, and identified by '"H NMR spectroscopy.

Methylated 1,5-anhydro-p-glucitol acetates (1, 2a—16a).—Approximately one-third
to one-half of each pure benzoate, obtained as described above, was debenzoylated and
acetylated as described previously [2] to afford the partially methylated 1,5-anhydro-D-
glucitol acetate standards in pure form. The pure standards were then chromatographed
individually on the three aforementioned GLC columns under the conditions already
described, except that the temperature of the columns was programmed from 80-250°C
at 6°C/min. In this way, the relative orders of elution of the standards on each column
were determined. In order to expedite acquisition of their mass spectra, further studies
used mixtures of the standards prepared by acetylation of portions of the partial
methylation reactions that were saved. The latter mixtures were also found to contain the
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tetra-O-methyl derivative (1), whose position of elution was verified by chromatography
of an independently synthesized sample.

Determination of LTPGLCRI values of methylated 1,5-anhydro-p-glucitol acetates (1,
2a-16a).—In order to ensure that the mixture of standards contained only the title
compounds, aliquots of the individual pure standards were combined such that the
integral of the area (flame ionization detection) of each component was at least 5% of
the area of the most abundant component. An aliquot of the stock solution of n-alkanes
from C;;H,, to C,,H,, was diluted 20-fold with hexane, then amounts of the alkane
standard solution and the methylated anhydroalditol acetate standard solution were
chosen for injection such that their area responses were comparable. Typically, a 1.0-uL
Hamilton syringe was loaded sequentially with 0.05 L CHCl,, 0.05 L air, 0.5 uL
methylated anhydroalditol acetate standard solution, 0.05 wL air, 0.1 uL alkane
standard solution, and 0.1 uL air, then injected. The manner of loading the syringe is
that recommended by the manufacturers of the GLC columns. Immediately after
injection, the temperature program for the column was begun. LTPGLCRI values were
determined in triplicate on each of the columns using the equation given in Table 3.
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