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Abstract As described by Carter et al. (J. Biol Chem. 1951.
192: 197-207), O-methyl derivatives of sphingosine are formed
upon acid hydrolysis of sphingolipids in the presence of
methanol. In the present study, we have isolated four O-methyl
ethers of Cgsphingosine by medium pressure liquid chro-
matography of their diacetate derivatives, ie., (2S,3R4E)-1-
acetoxy-2-acetamido-3-methoxy-4-octadecene, its (28,3S) epimer,
(2R,3E,5R)-1-acetoxy-2-acetamido-5-methoxy-3-octadecene, and
its (2R,5S) epimer. Structures were determined by physical,
chromatographic, and spectral properties. The 5-O-methyl
ethers, which were the predominant byproducts of sphingolipid
hydrolysis, were easily distinguished from the 3-O-methyl ethers
by chromatography, and all four isomers could be differentiated
by 'H and !*C nuclear magnetic resonance (NMR) spec-
troscopy. NMR analysis of the original N-acetate and diacetate
samples of O-methylsphingosines 1 and II of Carter et al.
demonstrated that they correspond to the 5-O-methyl ethers
(2R,5R and 2R,58, respectively), with purities of ~90-99%.
Resolution enhancement of the 126-MHz 3*C NMR spectra of
the O-methyl ethers and D-erythro-C g-sphingosine (Ia) afforded
distinct signals for nearly all carbon atoms. 13C NMR assign-
ments of carbons 7-15 were made from their lanthanide-induced
shifts, and revised assignments for olefinic carbons of Ia were es-
tablished based upon 'H-1*C shift correlation experiments.
—Kisic, A., M. Tsuda, R. J. Kulmacz, W. K. Wilson, and
G. J. Schroepfer, Jr. Sphingolipid bases. A revisitation of the O-
methyl derivatives of sphingosine. Isolation and characterization
of diacetate derivatives, with revised *C nuclear magnetic
resonance assignments for D-erythro-sphingosine. [ Lipid Res.
1995. 36: 787-803.
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Sphingolipids are an important class of compounds
that are essentially unique to eukaryotes. Long-chain
sphingolipid bases represent the defining elements of

sphingolipids. The bulk of the sphingolipid bases in cells
occurs in the form of more complex entities such as sphin-
gomyelins, gangliosides, and other glycosphingolipids.
These complex sphingolipids have been shown to be im-
portant antigens in both normal and tumor cells (1), and
certain complex sphingolipids have been implicated in
receptor functions for toxins, hormones, viruses, and
other ligands (2-4) and may play roles in differentiation
and oncogenic transformation (5, 6). The importance of
these complex sphingolipids is further indicated by the oc-
currence of human disease entities involving inherited
defects in their intermediary metabolism (7, 8). In addi-
tion, a requirement of sphingolipids for normal cell repli-
cation has been demonstrated in a temperature-sensitive
mutant of Chinese hamster ovary cells (CHO-K1) defec-
tive in serine palmitoyltransferase (9). Apart from their
involvement as components of complex sphingolipids, ad-
ditional functions for sphingolipid bases in cellular phys-
iology have been suggested. Considerable attention has
recently been directed towards free sphingolipid bases and
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f;-decoupled COSY; GC, gas chromatography; HMBC, heteronuclear
multiple bond correlation; HPLC, high performance liquid chromatog-
raphy; HSQQC, 'H-1C heteronuclear single quantum coherence; IR,
infrared (spectrum); LIS, lanthanide-induced shift; mp, melting point;
MPLC, medium pressure liquid chromatography; MS, mass spectrome-
try or mass spectrum; NMR, nuclear magnetic resonance; Pr(tfc)s,
tris[3-(trifluoromethylhydroxymethylene)-( + )-camphorato]praseodym-
ium(IIT); TLC, thin-layer chromatography; TMS, trimethylsilyl.
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their 1-phosphate and N-acyl derivatives as potential
regulators of a variety of cellular processes (10-14). Pur-
suit of these matters requires the availability of sphin-
golipid bases (and their derivatives) of known structure
and purity.

D-Erythro-C 1g-sphingosine (Ia) is a major sphingolipid
base in most animal tissues. Brain and spinal cord repre-
sent particularly rich sources of sphingolipids from which
enantiomerically pure Ia can be prepared in quantity
(15). However, hydrolysis of sphingolipids results in the
formation of byproducts that complicate analyses of
sphingolipid base composition and present problems in
the isolation of pure D-erythro-sphingosine from natural
sources (16-18). O-Methyl ethers have long been recog-
nized as one type of byproduct formed during acid hydro-
lysis of sphingolipids in the presence of methanol (16, 19).
In the present study we describe the first isolation of each
epimer of the 3-O-methyl and 5-O-methyl derivatives of
C1s-sphingosine by medium pressure liquid chromatogra-
phy (MPLC) of their diacetates. Each of the four isomers
has been characterized by chromatographic and 'H and
3C nuclear magnetic resonance (NMR) spectral tech-
niques. Also presented are revised 1*C NMR assignments
for the olefinic carbons of D-erythro-C g-sphingosine (Ia);
a preliminary account of this latter finding has been pre-
sented previously (20). Structures of la and its O-methyl
derivatives are shown in Fig. 1.

EXPERIMENTAL PROCEDURES AND RESULTS

Materials and methods

Melting points (mp) were measured with a Thomas-
Hoover apparatus. Infrared (IR) spectra were obtained
on a Beckman IR-9 spectrometer using KBr pellets. Opti-
cal rotations were measured on a JASCO DIP-4 digital
polarimeter. Thin-layer chromatography (TLC) was car-
ried out on silica gel G plates (Analtech; Newark, DE) or,
for data in Table 1 only, on aluminum-backed silica gel
60 plates (E. Merck; Gibbstown, NJ). Components on the
plates were visualized after spraying with molybdic acid
followed by heating. Solvent systems for TLC were: $S-1,
chloroform; SS-2, chloroform-methanol 98:2; SS-3, chlo-
roform-methanol 95:5; SS-4, chloroform-methanol 80:20;
SS-5, chloroform-methanol-NH,OH (2 N) 80:20:2.
MPLC was done at ~ 1.5 atm using a single-piston pump,
Altex glass columns dry-packed with silica gel (32-
63 pm), and a four-way injection valve. High perfor-
mance liquid chromatography (HPLC) was carried out at
1 ml per min using a 5-um Customsil ODS reversed
phase column (250 mm x 4.6 mm; Custom LG,
Houston, TX) and a Waters model 490 UV detector set
at 210 nm. Gas chromatography (GC) was carried out
isothermally on a Hewlett-Packard model 402 or 5710A
instrument with helium (60 ml/min) as the carrier gas,
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Ic (25,3R) Ry=Ac Ry=Ac Rg=Ac
lla (28, 38) Ri=H Ra=H Ra=H
llb (25,35) Ri=H Ry=Ac Ry=H
llc (25,38) Ry=Ac Rp=Ac Rs=Ac

b (2S,3R) Ry=H Ry = Ac
Me (25,3R) Ry=Ac Rp=Ac
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Assignment of the C-3 stereochemistry is tentative.
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Vb (2R,5R) Ry=H Ry =Ac
Ve (2R,5R) Ry=Ac Ry=Ac
Via (2R,58) Ry=H Ry=H
Vib (2R, 58) Ri=H Ry=Ac
Viec (2R,58) Ry=Ac Rz=Ac
Assignment of the C-5 stereochemistry is based on
chemical degradation results reported in ref. 33.

NN NN CH0AC

i
Vil NHAc

Fig. 1. Structures of D-erythro-C,q sphingosines (I), L-threo-C g-sphin-
gosines (II), 3-O-methyl ethers III-1V, 5-O-methyl ethers V-VI, and
diene VII.

flame-ionization detection, and a glass column (1.8 m x
4 mm i.d.) packed with either 3% OV-1 (methyl polysilox-
ane) or 3% OV-17 (50% phenyl-50% methyl polysilox-
ane) on Gas Chrom Q (100-120 mesh). Injector and de-
tector temperatures were set ~25°C above the column
temperature. Mass spectra (MS) were recorded on an
LKB-9000S (GC-MS) or a ZAB-HF (direct probe) in-
strument at an electron energy of 70 €V and are reported
as m/z (% intensity relative to the base peak).

Nuclear magnetic resonance (NMR) spectra were
measured on a Bruker AMX500 spectrometer (500.1
MHz for 'H, 125.8 MHz for '*C) and referenced to
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TABLE 1. Properties of D-erythro-sphingosine and its 3-0 methyl and 5-0 methyl derivatives”’

mp {olp TLC HPLC GC
Compound (°C) ) R) (tr, min) (tg, min)
Diacetate or triacetate
Ic 104-105 ~15.0 0.59 12.0
Ilc 43 +8.47 0.62 12.0
IIic 3-0-Me 74-75 -12.1 ~0.65' 14.3 10.1
IVe 3-0-Me 52-53.5 0.66 14.9 9.6
V¢ 5-0-Me 68-69 +6.9 12.4
68-69° +5.5 0.4 11.5°¢
Vic, 5-0-Me 76-76.5 -10.3 12.4
74-75 -11.7 0.47 1.8
VII, diene ~0.60" 13.0
N-Acetate
b 85¢ ~11.2 0.50 8.4
1L 73-75 -8.6 0.50 8.8
Vb, 5-0-Me 73-74 ,
75-76° -2.5 0.5% 9.5
VIb, 5-0-Me 77-78.5
77-7¢ ~-n.4 0.5% 9.7
Free base
Ia 84-86 -1 0.20
a 86.5-87.5 -1 0.19
Va, 5-0-Me 64-65 +11.4 ~0.29!
Vla, 5-0-Me 87-8¢ ~15.7 0.29/

“Conditions for HPLC (water-methanol 10:90) and GC (OV-17; 240°C) are given in the Experimental section.
Optical rotations were measured in chloroform (¢ 1.4 for Ia and ¢ 0.3 for ITb and Ilc). The TLC solvents were
SS-3 (diacetates and triacetates), SS-4 (N-acetates), and $8-5 (free bases).

*Approximate R values based on TLC of mixtures are indicated by T.

‘Additional recent physical constants for Ia, IIa, I¢c, and Ilc of synthetic origin are given in ref. 27 and 30 and

references cited therein.
‘Data from ref. 26.

‘Data for the corresponding derivative of O-methylsphingosine I (mp and [¢]p from ref. 19).
/Data for the corresponding derivative of O-methylsphingosine II (mp and [a]p from ref. 19).

#See footnote 7 of text.
*Sample of 90-95% purity.

‘The N-acetyl derivatives of the 5-O-methyl ethers were partially resolved by HPLC in water-methanol 15:85:

tg 15.0 min (Ib), 17.7 min (Vb), 18.1 min (VIb).
‘Data from ref. 23.
*The rotation in methanol is + 10.9° (ref. 23).

internal tetramethylsilane (*H) or CDCl; at 77.0 ppm
(13C). Unless otherwise indicated, spectra were recorded
at 25°C at a sphingolipid concentration of ~60 mM
(13C) or ~5 mM (*H). Some 1D spectra were resolution-
enhanced by Gaussian apodization, ie., multiplication of
the free induction decay spectrum by the function

exp (- 7LB(t - )), where AQ) is the acquisition

t2
2GB-AQ
time and typically LB = -2 and GB = 0.4. Standard
Bruker software was used to acquire double-quantum
filtered COSY (*H-'H correlation spectroscopy) and
COSYDEC (f;-decoupled COSY, 0.2-s fixed evolution
period 7.) spectra, both acquired with 256 t, increments
spanning a spectral window of 8 —0.2 to 7.6. HMBC (het-
eronuclear multiple bond correlation) spectra, with ~100
t; increments, f, 6 —0.2 to 7.6, and f; typically § 160-179,

were used to assign acetate 'H and '*C signals. HSQC
(*H-13C heteronuclear single quantum coherence) spectra
(21) were acquired using 3C decoupling with either a full
spectral window in f; (typically ~200 t; increments) or
with an f; window encompassing only the olefinic 13C sig-
nals (parameters given in the legend of Fig. 2); the f, win-
dow in all 2D spectra was § -0.2 to 7.6. COSY and
HSQC spectra were acquired in a phase-sensitive mode
(time-proportional phase increments and States, respec-
tively). Coupling constants were calculated by averaging
all appropriate line spacings in resolution-enhanced spec-
tra. Sample purities were generally estimated by sum-
ming the levels of each minor contaminant observed in
the 'H NMR spectrum (6 1.9-6.7 region; little or no reso-
lution enhancement; detection limit typically <1%). All
NMR data in the Tables are from the AMX500 instru-
ment; additionally, 13C spectra of IIIb, ITIc, IVc, V¢, and
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Fig. 2. NMR spectra of sphingolipid bases. Panel A, HSQC spectrum of the olefinic region of k¢ (64 -0.2 to

7.6 in fy; 8¢ 120~141 in f,, 48 t, increments of 32 scans each, delays optimized for !Jcy of 147 Hz, 13C decoupling).
Panel B, HSQC spectrum of olefinic region of VIc (8 126-137 in f;, 42 t; increments of 32 scans each, other
parameters as in panel A). Panel C, portion of the 126-MHz *H-decoupled 1*C NMR spectrum of Ia (Gaussian
apodization, 128k points, 1-s acquisition time). Panel D, portion of the 126-MHz 'H-decoupled '3C NMR spectrum
of VIa (conditions as in panel C). Panel E, portions of the 500-MHz 'H NMR spectrum of 2 5:2:8 mixture of I1lc,
IVc, and VII (~5 mM in CDCly; fractions 33-44 from column F) showing partial resolution of signals for ITlc
and I'Vc (signals of VII are outside spectral regions shown). Panel F, portions of the 500-MHz !H NMR spectrum
of a 1:6 mixture of V¢ and VIc (~60 mM in CDCl,). Spectral parameters for E and F: 2.7-s acquisition time, 32k
points, mild Gaussian apodization; 0.01 ppm spacing of tick marks. The poor peak shape for the methoxy resonance
in panel F is representative of shimming problems often encountered at higher concentrations (~ 60 mM) of sphin-

golipid bases.

Vlc isolated by MPLC were acquired at 25 MHz on a
Varian XL-100 spectrometer.*

Lanthanide-induced shifts (L.IS) for Ia were determined
by adding 2-160 gl of a 114 mM solution of tris[3-(trifluoro-
methylhydroxymethylene)-(+)-camphorato]praseodym-
tum(IIT) (Pr(tfc);) in CDCI; to a 79 mM solution of Ia in
CDCl;. 3C NMR spectra were collected at 25°C for
eight molar ratios (0.005 to 0.487) of Pr(tfc); to Ia. Data
for carbons 1-3 were unavailable at higher molar ratios
owing to severe line broadening. No corrections were
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“Samples of IIlc, IVc, V¢, and VIc isolated by MPLC and two N-
acetate derivatives were originally characterized by *C NMR at
25 MHz (XL-100 instrument) at high concentration (>0.1 M). Except
for 1 mg each of IIIc and Vc, these samples were not available for high-
field NMR studies, and spectra of Vb, Vc, VIa, VIb, and Vic were
measured on authentic samples obtained from H. E. Carter (19). After
compensation for concentration and temperature differences, the
126-MHz 13C NMR spectra of Ve and VIc¢ were found to correspond to
those of the 25-MHz spectra. NMR data for Illc and I'Vc were derived
from the 'H NMR spectrum of IIlc and spectra of mixtures of Hlc,
IVe, and VII (fractions 29-32 and fractions 33-44 from column F). Por-
tions of the latter spectrum are shown in Fig. 2, panel E.

210z ‘8T aunr uo ‘1sanb Ag B1o°Jj:mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

TABLE 2. 13C NMR chemical shifts for D-erpthro- and L-threo-sphingosines I-II, 3-O-methyl ethers III-IV, 5-O-methyl ethers V~VI, and diene VII**
D-erythro- and L-threo-Sphingosines 3-0-methyl 5-O-methy] Diene
N-Ac N-Ac tri-Ac tri-Ac di-Ac di-Ac N-Ac N-Ac di-Ac di-Ac di-Ac
Ia IIa Ib IIb Ic Ilc IIlc Ive VIia Vb Vib Ve Vic Vi1
Conc 79 12 68 56 63 56 55 72 64 &7 70 60 38 535
C-1 63.73 6486 62.24 64.15 6258 63.08 62.75 63.44 66.49 65.43 65.49 65.60 65.71 65.73
C-2 56.17 56.49 54.52 5480 50.64 50.85 51.80 51.72 54.64 52.83 52.87 49.60 49.57 50.17
C-3 75.10  73.94 7443 -73.00 73.80 73.04 82.39 80.00 133.70 129.01 12899 12849 128.56 128.13**
C-4 129.14 129.76 128.66 128.91 124.11 124.05 125.99 125.66 132.03 133.36 133.24 133.42 133.17  128.16**
C-5 134.65 134.29 13420 134.07 137.41 137.33 137.14 13668 81.97 81.70 81.75 81.65 8171  127.14
C-6 32.34 3231 3227 32,26 32.26 32.25 32.28 3228 3541 3531  35.27 35.36 3532  134.05
C-7 29.17 2913 29.12  29.13  28.87 28.78 29.11  29.11  25.33 2531  25.27 25.27 25.23 27.84
C-8 29.26  29.21 29.20 29.21 29.14 29.12  29.15 29.15 29.57 29.57  29.55*  29.57 29.55*  29.27*
C-9 2948 2947 2947 2949 29.43 29.41 2944 29.44  29.57 29.57  29.57*  29.57 29.56*  29.51*
C-10 29.61  29.60 29.60 29.61  29.57 29,56 29.58 29.58 29.60 29.60  29.60 29.60 29.60 29.55*
C-11 29.67 29.66 29.66 29.68 29.64 29.64 29.64 29.64 29.64 29.63 29.63 29.62*  29.62 29.60*
C-12 29.67 29.66 29.66 29.67 29.64 29.64 29.64 29.64 29.65 29.65 29.65 29.64 29.64 29.64
C-13 29.68 29.68 29.67 29.67 29.66 29.66 29.66 29.66 29.68 29.67  29.67 29.67 29.67 29.66
C-14 29.64 29.64 29.63 29.64 29.63 29.63  29.62 29.62 29.64 29.63  29.63 29.63*  29.62 29.62
C-15 29.3¢  29.35 2933  29.3¢ 29.33 29.33 29.33 2933 29.3¢ 29.33 29.33 29.33 29.33 29.33
C-16 3191 3191 3190 3191 3190 3190 3190 3189 3190 3190 31.90 31.90 31.90 31.90
C-17 22.67 22,68 22.66 22.67 22.66 22.66 22.66 2266 22.67 22.66 22.66 22.66 22.66 22.66
C-18 14.10 14.11 14.09 14.10 14.09 14,09 14.09 14.09 14.10 14.09 14.09 14.09 14.09 14.09
1-OAc 20.79 20.75 20.88 20.85 20.76 20.76 20.81
17094 170.66 171.10 170.90 17098 17098 171.07
2-NAc 23.35 23.32 23.34 23.26 23.42 23.29 23.38  23.36 23.36 23.36 23.39
17091 171.28 169.63 169.81 169.63 169.93 170.39 170.47 169.36 169.41 169.40
3-OR’ 21.11 21.08 56.54 56.25 56.11 56.28 56.28 56.25 56.18
169.96 170.09

‘Data obtained at 125 MHz at 25°C and referenced to CDCI; at 77.0 ppm.

‘Assignments for entries marked by * or ** may be interchanged within a column.

‘Data for Illc, IVc, and VII extracted from spectra of mixtures of these compounds (1:10:2 and 5:2:8). The 1*C NMR spectrum of a 5:1 mix-
ture of VIa:Va showed only two resolved signals for Va: 54.57 (C-2) and 131.97 (C-4).

“‘Concentration (mM) of sphingolipid base in CDCl;. Total sphingolipid base concentration is given for data obtained from mixtures (IIl¢, IVe,

and VII).
‘R = Ac for Ic and Ilc; R = CHj; for O-methyl ethers.

made for contact shifts. The relative LIS values were
obtained by linear regression calculations (intercept fixed
at 0) on the plot of induced shifts versus apparent molar
ratio of Pr(tfc); to Ia, followed by normalization to the
LIS of C-2. The apparent molar ratios, which were calcu-
lated for seven data sets from weighted ratios of all non-
zero *C-induced shifts relative to those of the 0.024 molar
ratio data set, were similar to ratios based on volumetric
measurements. LIS for O-methylsphingosine II (VIa)
were determined similarly using 159 mM Pr(tfc); and
74 mM VIa in CDCl; (eight molar ratios from 0.011 to
0.610). Extrapolated to a 1:1 molar ratio of Pr(tfc); to sub-
strate, the LIS for C-2 was 37 ppm for Ia and 38 ppm for
VIa.5 The least squares fits were quite good as judged by
the average of the residuals (absolute values), which was
< 0.02 ppm for polarizable carbons (C-1 through C-5 and
methoxyl) and <0.005 ppm for other carbons.

TMS ethers for analysis by GC were prepared essen-
tially as described by Carter and Gaver (22). Pr(tfc); was
obtained from Aldrich Chemical Co. (Milwaukee, WI).

5Because the praseodymium shift reagent produced mainly upfield in-
duced shifts, the upfield LIS have been designated as positive numbers.

Samples of O-methylsphingosine II (VIa), its N-acetate
(VIb) and diacetate (VIc) derivatives, and the N-acetate
(Vb) and diacetate (Vc) derivatives of O-methylsphingo-
sine I were gifts from H. E. Carter. Despite storage for
>40 years under refrigeration, these samples from the
original work of Carter, Nalbandov, and Tavormina (19)
showed remarkably high purity by NMR analysis: Vb,
~99% purity; Ve, ~90% purity (contained 5% Ic and
3% VIc); Vla, ~90% purity; VIb, ~98% purity; Vlc,
95% purity (<1% Vc).

Preparation of D-erythro-C,g-sphingosine (Ia), its
L-threo isomer (IIa), and their acetate derivatives

D-Erythro-C 14-sphingosine® (Ia) and its L-threo isomert
Ila were prepared as described previously (20, 23). Tri-

SChemical Abstracts nomenclature for representative sphingolipid
bases described herein: Ia, 2-amino-4-octadecene-1,3-diol; Va, 2-amino-
S-methoxy-3-octadecen-1-al; Ic, N-[2-acetyloxy-1-(acetyloxymethyl)-3-
heptadecenyl|acetamide; Illc, N-{2-methoxy-1-(acetyloxymethyl)-3-hepta-
decenyljacetamide; Ve, N-[4-methoxy-1-(acetyloxymethyl)-2-heptadec-
enyl]acetamide; VII, N-[1-(acetyloxymethyl)-2,4-heptadecadienyljacet-
amide.
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TABLE 3.

'H NMR chemical shifts for D-erythro- and L-threo~sphingosines I-II, 3-O-methyl ethers ITI-IV, 5-O-methyl ethers V~VI, and diene VII**

D-erythro- and L-threo-Sphingosines 3-O-methyl 5-0-methyl Diene
N-Ac N-Ac tri-Ac tri-Ac di-Ac di-Ac N-Ac N-Ac di-Ac di-Ac di-Ac
Ia I1a Ib IIb ic Ilc HlIc Ve Va’ Via Vb VIib Ve Vie vl
H-1a 3.627 3.546 3.713  3.816 4.042 4.063 4.141 4.134 3.351 3.352 3.688 3.689 4.087 4.092 4.109
H-1b 3.689 3.682 3.979 3.840 4304 4.093 4.291 4.143 3.625 3.613 3.743 3.738 4.233 4.235 4.208
H-2 2.888  2.795 3.911 3.921 4.433 4398 4.25" 4219 345" 3490 4.596 4.591 4.817 4.815 4.831
H-3 4.056 3.98¢ 4.343 4388 5277 5407 3.625 3.675 5607 5.606 5.624 5622 5.565 5568 5.534
H-4 5.476 5.462 5542 5.486 5391 5380 5.308 5278 5494 5494 5530 5527 5501 5.491 6.510
H-5 5.766 5750  5.794 5753 5792 5773 5722 5701 3.509" 3.510 3.540 3.543 3.524 3.519 5.936
H-6a 2.05" 204 205" 203" 204 2020 205" 204! 1.44 1.45  1.45 1.42 143 5478
H-6b 2,077 206" 2077 204 205" 203" 207" 206 1.58 1.58  1.57  1.57  1.56
H-7a 1377 137" 137" 136" 1357 1348 1370 137! 1.28! 2.15!
H-7b 1377 1377 1377 136" 135" 1348 1370 137t 1.337 2.17
H-18 0.881 0881 0.881 0.880 0.880 0.880 0.880 0.880 0.880 0.880 0.880 0.880 0.880 0.880 0.880
N-H 1.90 1.75 6.28  6.12 563  5.63 5.74  5.74 1.72 1.73 579 577 5.67 566 564
1-OAc 2.071  2.070 2.049  2.058 2.068 2.066 2.017
2-NAc 2.050 2.042 1.984 2.001 1.983  1.993 2,050 2.051 2.023 2.027 2.075
3-OR/ 2.064 2.079 3.236 3.243 3.949 3.256 3.25¢ 3.263 3.237 3.242

“Data referenced to internal (CHj3),Si from 'H spectra at 500 MHz in CDCI; solution at 25°C and a concentration of ~5 mM. Chemical shifts

for H-8 through H-17 were 6 1.25-1.30 (mainly 6 1.27).

’Estimated accuracy t0.002 ppm (values given to three decimal places) or + 0.01 ppm (values given to two decimal places) except for entries
marked by t (+0.02 ppm). However, in a few spectra (especially among the free bases), chemical shifts in the polar head group differed from these

values by up to 0.2 ppm, perhaps owmg to adventitious contaminants.

‘No stereochemical assignments are given for protons at C-1, C-6, or C-7. The upfield protons are labeled as a, the downfield protons as b.
“Data for IVc and VII extracted from spectra of mixtures of IIlc, IVc, and VII (1:10:2 and 5:2:8).
‘Chemical shifts extracted from a 'H difference spectrum obtained by subtracting a spectrum of VIa from the spectrum of a 5:1 mixture of VIa:Va.

/R = Ac for Ic and IIc; R = CHj for O-methyl ethers.

acetyl sphingosine (Ic) was prepared by treatment of
sphingosine (154 mg) with pyridine (1 ml) and acetic an-
hydride (1 mtl) for 2 h at room temperature. Evaporation
to dryness followed by recrystallization from hexane-
methanol gave Ic (139 mg): mp 104-105°C, lit. mp
103.5-104°C (24); [a]¥f -15.0° (¢ 1.0, chloroform); IR,
Vmax 3300, 3100, 3000-2920, 1740, 1660, 1535, 1470,
1380, 1270, 1240, 1030, 610 cm™t; 13C NMR, Table 2; 'H
NMR Table 3; tH-'H NMR coupling constants, Table 4.
N-Acetyl sphingosine (Ib) was prepared by hydrolysis of
Ic (135 mg) with 0.1 N KOH in methanol-water 9:1
(15 ml) at room temperature for 20 h. After evaporation
of the methanol and addition of water (3 ml), the mixture
was extracted with ether (3 x 40 ml). The ether extracts
were washed with water until neutral, dried over Na,SO,,
and evaporated to a residue (97 mg) that was recrystal-
lized from hexane-methanol to give Ib (70 mg): mp
85°C,7 lit. mp 85-87°C (25); [a]f ~11.2° (¢ 0.6, chloro-
form), lit. [@]® -10.0° (¢ 13.7, methanol) (25); single
component by TLC in S8-5 (R;0.72) and by GC (OV-1)
of the TMS ether at 230°C (tg 11.8 min); IR, vy 3300,
3080, 2980-2920, 1655, 1550, 1475, 1380, 1050, 960,
720 cm™; 'H and *C NMR, Tables 2-4; 98% purity by
'H NMR. The N-acetate (IIb) and triacetate (IIc)

At 85°C, the crystalline material condensed into several clear blobs,
which became a clear mobile liquid at 95°C.

792 Journal of Lipid Research Volume 36, 1995

derivatives of L-threo-C 1g-sphingosine were prepared analo-
gously to Ib and Ic. Characterization of Ifa, IIb, and
IXc® is given in Tables 1-4.

Isolation of O-methyl-sphingosines as the diacetate
derivatives (Fig. 3)

Beef brain sphingolipids (50 g) prepared as described
previously (15) were refluxed in a mixture of methanol
(800 ml), concentrated HCI (83 ml), and water (117 ml)
for 18 h. The cooled mixture was extracted with petro-
leum ether (2 x 500 ml) to remove fatty acids. The aque-
ous layer was neutralized with 12 N KOH (120 ml), fol-
lowed by addition of water (350 ml) and extraction with
chloroform (1600 ml). The chloroform extracts were
washed with a mixture of chloroform-methanol-water
3:48:47 (1000 ml) and evaporated to a residue (11.48 g).
The crude sphingolipid base preparation was subjected to
MPLC (1000 mm x 25 mm silica gel column; elution
with chloroform-methanol 85:15; column A). As shown in
Fig. 3, fractions 41-76 contained O-methyl ethers, and
later fractions contained Ia, its threo tsomer, and its di-

8Qur melting point for Ilc (43°C) agrees with values reported in ref.
26 (43-43.5°C) and ref. 27 (42-44°C) and differs markedly from those
reported for di-Ilc by others (28 29). Our NMR spectral data for Ilc
are similar to those reported in ref. 26, 27, and 30 but differ from those
in ref. 28.
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hydro derivative (analyses based mainly on TLC and
GQC). Unidentified nonpolar material (R; 0.9 in SS-5) was
the major component in fractions 1-40 and a minor com-
ponent in fractions 41-76. The total recovery from
column A was 9.4 g (82%). The material from fractions
41-53, 54-58, 59-70, and 71-76 was acetylated and sub-
jected to MPLC (columns B, C, D, and E, respectively),
as described below for column C. The results are summa-
rized in Fig. 3.

Compound Illc. Fractions 54-58 from column A were
evaporated to a residue (138 mg) that was acetylated over-
night at room temperature with pyridine (2 ml) and acetic
anhydride (2 ml). The mixture was poured into water and
extracted with ether. The ether extracts were washed with
2 N HCI (40 ml) and water and evaporated to a residue
(174 mg) that was subjected to MPLC (1000 mm x 9 mm
silica gel column; elution with chloroform-methanol 99:1;
column C). Evaporation of fractions 14-56 to a residue
(54 mg), followed by two recrystallizations from hexane
gave IIIc (40 mg): mp 74-75°C; single component by
TLC in chloroform-methanol 99:1; single component by
GC (Table 1); spectral data essentially identical to those
given for IIlc below (IR and MS) or in Table 2 (13C
NMR at 25 MHz). Another sample of IIIc (from crystal-
lization of fractions 8-14 of column B) showed =95%
purity (two unidentified impurities of ~2% by 'H
NMR): mp 73.5-74.5°C; [a]f -12.1° (¢ 0.4, chloro-
form); IR, vpax 3300, 3100, 2970-2820, 1740, 1735, 1655,
1550, 1470, 1375, 1260, 1140, 1100, 1040, 965, 725, 630
cm™! (see also Fig. 4); MS (ZAB), m/z 397 (0.2, M*), 382
(0.3), 365 (4), 338 (33), 281 (20), 278 (7), 267 (8), 262 (6),

253 (100), 170 (12), 144 (25), 123 (9), 109 (13), 102 (22).
Additional data for IlIc from this sample and from mix-
tures of Illc, IVc, and VII (see below) are presented in
Tables 1-4.

Compound IVe. Fractions 7-42 from column D were
evaporated to an oil (138 mg) that was subjected to MPLC
(1000 mm x 9 mm silica gel column; elution with chloro-
form; column F). Evaporation of fractions 23-28 gave a
residue (40 mg) that slowly crystallized to afford IVc
(19 mg): mp 52-53.5°C; >95% purity by GC (Table 1);
IR, »max 3300, 3100, 2960-2820, 1740, 1730, 1650, 1550,
1465, 1370, 1260, 1225, 1110, 1095, 1040, 975, 725, 610
cm™! (see also Fig. 4); MS (LKB), m/z 365 (3,
M-CH,;OH), 338 (17), 281 (4), 278 (7), 262 (5), 253 (100),
170 (7), 144 (10), 123 (10), 109 (25), 102 (32); 3C NMR
(25 MHz) data essentially the same as those for IVc in
Table 2. 'H and *C NMR analysis of material crystal-
lized after evaporation of fractions 29-32 showed IIlc,
IVe, and VII, in a 1:10:2 ratio. NMR analysis of crystal-
line material from fractions 33-44 showed IIlc, IVe, and
VII in a 5:2:8 ratio. Data for IIlc, IVc, and VII obtained
from these mixtures are given in Table 1 (TLC and
HPLC) and Tables 2, 3, and 4 (*H and 3C NMR).

Compound Vc. Fractions 73-148 from column C were
evaporated to a residue (74 mg) that was recrystallized
twice from hexane to give Vc (66 mg): mp 66-67°C;
[} +6.9° (¢ 0.5, chloroform); single component by GC
(Table 1); IR, vmax 3300, 3080, 2960-2820, 1740, 1650,
1545, 1465, 1370, 1230, 1140, 1115, 1100, 1085, 1045, 1040,
980, 725, 620, 580 cm™ (see also Fig. 4); MS (ZAB),
m/z 397 (0.05, M*), 382 (0.2, M-CHj3), 366 (3), 338 (11),

TABLE 4. 'H-'H NMR coupling constants for D-erythro- and L-threo-sphingosines I-II, 3-O-methyl ethers III-IV, 5-O-methyl ethers V-VI,
and diene VII**?

D-erythro- and L-threo-Sphingosines 3-0-methyl 5-0-methyl Diene

N-Ac N-Ac tri-Ac tri-Ac di-Ac di-Ac N-Ac N-Ac di-Ac di-Ac di-Ac

Ia I1a b IIb Ic IIc Illc Ve Via Vb Vib Ve Vic vIr

la-1b 10.9 10.8 11.3 11.1 11.6 11.4 10.7 11.0 10.4 11.1 11.1 11.3 11.3 11.3

1a-2 6.1 6.3 3.4 4.4 3.9 5.6 3.3 6.9 7.9 5.4 5.4 4.3 4.3 45

1b-2 46 4.4 3.6 4.2 6.0 5.5 7.2 5.8 4.4 3.8 3.9 5.9 5.9 6.1

2-3 55" 5.4 4.1 3.6 6.0 5.2 4.5 2.5 6.3 5.6 5.5 5.2 5.1 6.5

2-NH 7.2 7.8 9.3 9.4 gh 8.8 7.6 7.5 8.4 8.3 8.8

3-4 7.2 6.9 6.4 6.6 7.5 7.21 8.1 8.1 15.5 15.7 15.7 15.7 15.7 15.3

3-5 ~1! 1.1 1.3 ~1.3 ~1" ~05'™ ~1! ~1"  ~o7t ~07"  ~o07!

4-5 15.4 15.4 15.4 15.4 15.3 154 153 15.4 7.7 7.3 7.2 7.13 7.29 11.0

5-6a 6.8 6.8 6.8 6.8 6.8 6.8 7.1! 6.7 6.2' 6.4 6.4' 6.5 6.4 10.7
5-6b 6.8 6.8 6.8 6.8 6.8 6.8 7.1! 6.7 6.2" 6.4 6.4! 6.5' 6.4'

18-17 7.0 7.0 7.0 7.0 7.0 7.0 7.01 7.0 7.0 7.0 7.0 7.0 7.0 7.0

‘Coupling constants in Hz (absolute values) obtained at 500.1 MHz in ~5 mM CDCl; solution (25°C). Accuracy is ca. + 0.2 Hz except for
couplmgs marked by 1 (+0.5 Hz). The Jy,.ys couplings for Ve and VIc appear to be accurate to +0.05 Hz.
*Additional couplings observed: all A* sphingolipids showed Jiy.ps, and Jus_pes of 1.5 Hz; 5-O-methyl ethers (Vb, Vc, VIa, VIb, VIc) showed
Juz-ne of ~ 1.4 Hz; diene VII showed Jyzy4 of 1.5 Hz, Jyy5.47, of 1.8 Hz, Jys.47, of 1.8 Hz, Jyg.puz, of 7.6 Hz, Jue.uzm of 7.6 Hz, and an unidentified
allylic coupling to H-4 of 1.3 Hz. Most allylic couplings were too small to be measured with high accuracy. Additional long-range couplings observed
in some spectra could not be reproduced with other samples of the same compound.
Couplmgs for IIIc and VII were extracted from spectra of mixtures of IlIc, IVc, and VII (1:10:2 and 5:2:8).
“Couplings roughly estimated from a combination of spin simulation and first-order analysis of multiplet patterns.
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[ Brain sphingopis 509 |
hydrolysis
|Tong-cham bases 11.5 gl

Fx 1-7 56 mg
GC: tg 3.1,39,7.7

TLC: streak ]

GC: tg 13.0 GC: mainiy tg 13.0 GC: malinly tg 15.4
TLC: Ry 0.22 | TLC: singlespot [} TLC: single spot
mp 73.5-74.5°C | | did not crystallize oil Ve and/or Vic

Fx 8-14 78mg| |Fx 15-17 15mg] [Fx 1882 8mg

MPLC Column A
iCHCIyCHaOH (85:15) Fx1-13  24mg| |Fx 1466 54mg| [Fx57-72 6 mg| |Fx 73-148 74mg
GC: many peaks GC: tg 12.9 GC: tg 12,9 GC: tp 151
Fx 1-5 0. ||
unidentified 249 TLC: streak TLC: Ry 0.22 n B TLC: Ry 0.12
— olly solid mp74-75°C  Mic| | solid mp 66-67°C Ve
Fxl&e'—:toiﬁed 042g
uni
I Fx 1-6 32mg | |Fx 742 138mg| |Fx 4346 11mg| |Fx 47-100 511mg
;);):11;313 0.15¢g GC: 15 128 GC: 15 15.3 GC:tg 15.4 op-2.8°
Mothyl sthers (mainly) © . MlTe Rrozz [T Tc: Ry 0.11,0.12
Fx 54-68 o1ag K of ol e /Ive| | solid mp 63.5-65°C Ve/Vie
3-0 and 5-O-methyl ether  yo5 oS T
T cﬁ"«d‘\\ MPLC (130 mg) MPLC (365 mg)
Fx 59-70 054¢g foxd CHCI; Column F CHCl, Column G,
5-O-methyl ethers (mainly) 0‘,‘0\5
|
Fx 71-76 030g Fx1-22 (5mg) Fx 1-98 (4 mg)
5-O-methyl ethers + la Fx 23-28 (40 mg), mp 52-53.5°C
— single component on TLC, IVe Fx 99;‘1 29 (80 mg), mp 671163‘3
Fx 77-136 441g Fx 29-32 (33 mg), mp 57-71.5°C ingle component on , VG
mostiy la Ogo Hlic, Ve, and VIl (1:10:2 ratio by NMR) | £y 130-168 165 mg, Ve + Vic
— 9]
Fx 33-44 (24mg), mp 75-78°C
Fx 137-200 150 g B\, 228 rat 169-250 (97 76-76.5°C,Vic
oty o,% 2, llic, Ve, and VIl (5:2:8 ratio by NMR) | | Fx 169-250 (97 mg), mp 76-76.5°C,
—L ? c& Fx 45-120 (11 mg)
Fx 201-231 0.39g N
ia + dihydro-la (~7:3) ?% 2
I P\ e
Fx 232-338 0.72¢g “\ [Fx1-15  20mg] [Fx 1628 26 mg| [Fx 29-80 159 mg| [Fx 81-160 127 mg

la + dihydro-la (~1:1)
T

CHCl3-CHiOH, 1:1 055 g
mostly dihydro-la

TLC: streak ]

mp 87.5-80.5°C mp 72-73°C

Fig. 3. Summary of MPLC separations of O-methyl ether sphingolipids leading to the isolation of IIlc, IVe, Ve, and VIe. Masses, TLC (8S-1),
and GC data (OV-17, 220°C) are given for crude material, whereas melting points are for recrystallized material.

324 (12), 322 (4), 305 (2), 292 (4), 279 (3), 265 (6), 262
(4), 250 (16), 214 (6), 170 (5), 154 (100), 136 (9), 122 (30),
112 (54); 'H NMR showed 98% purity (2% VIc); 1*C
NMR (25 MHz) data essentially the same as those for Vc
in Table 2. Samples of Ve from columns G, and G, (see
below) showed melting points of 67-68°C and 68-69°C, re-
spectively. Additional data for Vc are given in Tables 1-4.

Compound VIc. Fractions 47-100 from column D were
evaporated to a solid that was recrystallized from hexane
to give a mixture of V¢ and VIc (408 mg): mp 63.5-65°C;
[a]ff -2.8° (chloroform). A portion (365 mg) of this
material was subjected to further MPLC (1000 mm x
9 mm silica gel column; elution with chloroform; 6-ml
fraction volumes; column G;). Evaporation of fractions
169-250, followed by recrystallization from hexane gave
VIc (81 mg): mp 76-76.5°C, [a]f -10.3° (¢ 0.5, chloro-
form); IR, pmax 3300, 3090, 3000-2820, 1740, 1650,
1555, 1470, 1380, 1260, 1115, 1105, 1050, 975, 730,
620 cm™! (see also Fig. 4). A similar MPLC separation

794 Journal of Lipid Research Volume 36, 1995

(103 mg, column G,) gave Ve (9 mg) and VIc (18 mg):
mp 75.5-77°C; single component by GC (Table 1). The
13C NMR (25 MHz) data were essentially the same as
those for VIc in Table 2. Additional data for VIc are
given in Tables 1-4.

Hydrolysis of the O-methyl-sphingosine diacetates
to N-acetates

A sample of IIlc (44 mg; mp 73.5-74.5°C) was hydro-
lyzed with 0.1 N KOH in water-methanol 1:9 (10 ml)
overnight at room temperature. After evaporation of the
methanol and addition of water (4 ml), the mixture was
extracted with ether (10 ml and 2 x 5 ml). The combined
ether extracts were washed with water (2 x 2 ml), and
evaporated to dryness. Recrystallization from hexane
afforded IIIb (9 mg); *C NMR (25 MHz): § 169.9,
136.8, 125.7, 84.4, 62.2, 56.8, 53.8, 32.3, 31.9, 29.6, 29.1,
23.4, 22.7, 14.1. Hydrolysis of Ve (46 mg; mp 66-67°C)
with 0.1 N KOH as described for IIIc gave Vb (38 mg):
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Fig. 4. Fingerprint region of the infrared spectra of O-methyl ether di-

acetates IIl¢, IVe, Ve, and Vie.

mp 73-74°C. Under similar conditions, hydrolysis of VIc
(51 mg) gave VIb (39 mg): mp 77-78.5°C. TLC in SS-4
showed Ry 0.33 for IIIb and R 0.21 for Vb, versus Ry
0.56 for triacetate Vc. GC of TMS ethers on OV-17 at
230°C showed the following retention times relative to
that of Ib: IIIb, 1.08 and Vb, 1.26.

Periodate-permanganate oxidation of Ia, Illc, IVc,
Ve, Vla, and Vic

To a solution of sphingolipid base (1-1.5 mg) in fert-
butanol (0.5 ml), water (0.72 ml), and aqueous K;COs
(0.144 ml, 0.02 M) was added a solution of NalO,
(6.7 mg) and KMnOj, (0.5 mg) in water (0.31 ml). After
1 h at room temperature, solid NaHSO; was added, and
the resulting colorless solution was treated with 2 N KOH
(0.15 ml). After evaporation to dryness under nitrogen,
the residue was dissolved in 1 N HCI (0.4 ml) and ex-
tracted with ether (2 x 10 ml). The combined ether ex-
tracts were washed with water and evaporated to dryness
under nitrogen. The resulting residue (in ether-methanol
9:1) was methylated for 30 min with diazomethane solu-
tion. After evaporation to dryness, the residue was dis-
solved in hexane, and analyzed by GC (OV-17; 150°C)
and GC~MS. Oxidation products of fa, Illc, and IVe

showed a major GC peak at 5.4 min and a minor peak at
3.4 min, whereas oxidation products of Ve, Vla, and Ve
showed peaks at tg 5.4 min and tg 19.5 min in a 1:4 ratio.
The peaks at tg 5.4 min from oxidative degradation of
Ia, V¢, and VIc were identified as methyl tetradecanoate
by their MS: m/z 242 (14, M*), 211 (8), 199 (14), 185 (4),
157 (4), 143 (17), 129 (6), 101 (7), 87 (63), 74 (100). Forma-
tion of methyl tetradecanoate from Ve and Vlc appeared
to result from overoxidation (see discussion). The peaks at
tr 19.5 min from oxidative degradation of V¢, and Vic
were identified as methyl 2-methoxypentadecanoate by
their MS: m/z 286 (1, M*), 239 (1), 227 (100), 139 (5), 125
(13), 111 (23), 97 (52), 83 (58), 71 (42).

Additional preparation of 5-O-methyl ethers
(5:1 mixture of Vla:Va)

Beef brain sphingolipids (150 g) prepared as described
previously (15) were refluxed for 6 h in methanol (3300 ml)
containing 160 ml of conc. H,SO,. After extraction of the
cooled mixture with petroleum ether, the methanol layer
was concentrated to 800 ml and neutralized with 4 N
KOH, and precipitated salt was removed by filtration
through Celite. The slightly acidic filtrate was made alka-
line by addition of 4 N methanolic KOH (25 ml) and ex-
tracted with ether. Evaporation of the ether extracts gave
a residue (27.6 g) that was chromatographed on silica gel
(300 g, 60-200 mesh; elution with chloroform-methanol
97:3; 20-ml fraction volumes). In addition to later-eluting
sphingolipids (total 10 g, consisting of Ia, its tkreo isomer,
and dihydrosphingosine), evaporation of fractions 97-159
gave a residue (5.5 g) that upon recrystallization from
ethyl acetate gave an O-methyl ether product as colorless
crystals (2.7 g): mp, 76-82°C; single component by TLC
in 8S8-5 (R;0.66); =97% purity by GC (OV-1, 220°C) as
the TMS derivative, tg 8.6 min; [a]f -2.9° (¢ 1.2,
methanol); 'H and ¥C NMR analysis indicated a 5:1
mixture of VIa:Va. Under the same chromatographic
conditions, Ia showed Ry 0.50 (TLC) and tg 10.0 min
(GC of the TMS derivative). Addition of 2.5% HCI
(0.56 ml) in ethanol (10 ml) to the VIaiVa mixture
(121 mg), followed by evaporation to dryness and recrys-
tallization from ether gave a hydrochloride (95 mg):
mp 144-146°C, lit. mp for the hydrochloride of O-
methylsphingosine II, 143~145°C (19). A mixture of the
hydrochloride (370 mg) and 1 N KOH (15 ml) was ex-
tracted with ether (60 ml) to give, after recrystallization
from ether, the free base: mp 87.5-88°C; [a]f -10.4°
(¢ 1.2, methanol).

Additional preparation of 5-O-methyl ether acetates
(mixtures of VIc:Vc and of VIb:Vb)

The diacetate and N-acetate derivatives were obtained
analogously to the preparation of Ic and Ib from Ia.
Thus, acetylation of the 5:1 mixture of VIa:Va (1.51 g)

Kisic et al.  O-Methyl derivatives of sphingosine 795

270z ‘8T aunr uo 1sanb Ag B1o°Jj:mmm woly papeojumoq


http://www.jlr.org/

ASBMB

JOURNAL OF LIPID RESEARCH

I

with acetic anhydride-pyridine furnished a crude product
(1.57 g) that was purified by MPLC (elution with chloro-
form~methanol 98:2) to give after recrystallization 5-0-
methyl ether diacetates (1.33 g): mp 70.5-73°C; single
component by TLC in 88-3 (R, 0.54); IR, wy., 3300,
3090, 3000-2820, 1740, 1645, 1550, 1470, 1380, 1260,
1115, 1100, 1045, 975, 740 cm™!; 'H and 13C NMR analy-
sis showed a 6:1 mixture of VIc:Ve. A portion of the *H
NMR spectrum is shown in Fig. 2 (panel F).

The 6:1 mixture of VIc and Ve (1.23 g) was hydrolyzed
overnight in 0.1 N methanolic KOH to give a crude
product (1.34 g). Recrystallization from hexane afforded
colorless crystals (0.90 g): mp 76-77.5°C; single compo-
nent by TLC in chloroform-methanol 95:5 (R 0.13); sin-
gle component by GC (OV-17; 230°C) as the TMS ether,
tr 14.2 min; IR, vy, 3300, 3100, 3000-2820, 1650, 1580,
1465, 1310, 1135, 1100, 1080, 1070, 1050, 960, 720 cm™;
MS of the TMS ether (LKB), m/z 427 (1, M*), 412 (15),
396 (8), 368 (11), 324 (73), 293 (50), 282 (19), 265 (64), 250
(100), 185 (42), 182 (56), 73 (73); 'H and 13C NMR analy-
sis showed a 10:1 mixture of VIb:Vh.

DISCUSSION

Isolation of O-methyl ethers

Under the strongly acidic conditions normally used in
sphingolipid hydrolysis, the labile 3-hydroxy-A* system of
sphingosine is prone to allylic rearrangement, dehydra-
tion, and epimerization at C-3 (16-18). Until recently (18),
the standard solvent for sphingolipid hydrolysis has been
methanol (31),? which gives rise to an additional set of
byproducts, the O-methyl ethers. Assuming an Syl or
Sn1' reaction mechanism with no formation of cis iso-
mers and no epimerization at C-2, two 3-0-methyl ethers
(epimeric at C-3) and two 5-O-methyl ethers (epimeric at
C-5) can be anticipated.

The first thorough study of O-methyl ether byproducts
from sphingolipid hydrolysis was done in 1951 by Carter
et al. (19), who isolated two substances by repeated
recrystallization of 4'-hydroxyazobenzene-4-sulfonate salts.
These ethers, designated as O-methylsphingosines I and
II, were characterized as the free bases, hydrochlorides,
N-acetates, and diacetates and tentatively identified as
3-0-methyl ether epimers.!® Later studies by Weiss (33)

9Acid hydrolysis in acetonitrile-water eliminates the formation of O-
methyl ether byproducts at the expense of increased amounts of threo-
sphingosines and 5-hydroxy isomers (18, 32). Because O-methyl ether
and diene byproducts are readily separated from sphingosine on silica
gel, whereas the separation of erythro and threo isomers is more difficult,
aqueous methanolic hydrolysis conditions may be preferred for large-
scale preparation of sphingolipid bases.

19Work on O-methy! ethers is cited with the understanding that 5-0-
methyl ethers were often erroneously designated as 3-O-methyl ethers.
The appropriate corrections are apparent from discussions in refs. 33,
35, and 36.
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involving oxidative degradation suggested that O-methyl-
sphingosines I and II were the 5-O-methyl ether epimers,
each contaminated with ~30% of 3-O-methyl ether. This
conclusion was consistent with subsequent observations
by GC-MS and HPLC of both 5-0 and 3-0-methyl ethers
as byproducts of sphingolipid hydrolysis, with the 5-O-
methyl ethers usually (34) predominating (31, 34-39).
Karlsson (16, 39) reported the isolation of nine Cig-
sphingosine byproducts, namely the thro isomer, four O-
methyl ether isomers, the two 5-hydroxy-A3 epimers, and
two A%® dienes. Based on Karlsson’s samples, the nine
byproducts were separated by TLC, as their dinitro-
phenyl derivatives (34, 40), but further characterization
of the samples was apparently never published. The
O-methyl ethers have been observed in mixtures by
TLC, HPLC, GC, and GC-MS (18, 22, 31, 34-39,
41-47), but our analysis of the extensive body of
literature on O-methyl ethers indicated that the isolation
and characterization of individual isomers has never
been described, apart from the original publication of
Carter et al. (19) on O-methylsphingosines I and II.

Our procedure for obtaining the four O-methyl ether
isomers began with hydrolysis of brain sphingolipids in
acidic methanol (1 N HCI, 10 M H;0), conditions known
to give modest guantities of O-methy] ethers (31). MPLC
of the crude mixture of sphingolipid bases separated D-
erythro-sphingosine, L-threo-sphingosine, and dihydro-
sphingosine from early fractions consisting mainly of O-
methyl ethers. Further separation of the O-methyl ethers
as the free bases appeared unpromising, and subsequent
chromatography was done on the diacetates (Fig. 3). Four
different fraction sets containing O-methyl ethers were
acetylated and subjected to MPLC, which afforded a
clean separation of the 3-O-methyl ethers from the later-
eluting 5-O-methyl ethers. O-Methyl ether epimers IIlc
and Vc predominated in column C (Fig. 3) and were
easily isolated by recrystallization. The other O-methyl
ethers (IVe and VIc) were initially obtained only as epi-
meric mixtures (column D), which were resolved by fur-
ther chromatography (columns F and G,) with a less polar
solvent (chloroform).

In addition to the O-methyl ethers, (2R,3E,5Z)-1-
acetoxy-2-acetamido-3,5-octadecadiene®!  (VII) was
identified by NMR as the major component of late frac-
tions in the MPLC isolation of IVc (Fig. 3, column F).
This diene and its 3E,5E isomer have previously been
noted as byproducts of sphingolipid hydrolysis (16, 34,
40). We also describe a sphingolipid hydrolysis in nearly
anhydrous methanol (1.7 N H,8O,, <1 M H;0) and the

11The C-2 configuration is assumed to be unchanged from that in the
D-erythro-sphingosine. The 2R designation differs from that for natural
sphingolipid bases because the change in functionality at C-3 lowers its
priority under the RS nomenclature rules.
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subsequent chromatographic isolation of a 5:1 mixture ot
5-O-methyl ethers VIa and Va. This work, which in-
cluded the preparation of the diacetate and N-acetate
derivatives (somewhat more enriched in the 5§ epimer),
illustrated the analysis of such epimeric mixtures by
NMR, HPLC, and GC. The results also indicated that
epimeric mixtures of 5-O-methyl ethers are more readily
purified by recrystallization of the hydrochloride than by
chromatography or recrystallization of the free base. The
ratio of 5-O-methyl ether epimers has been reported to
vary with sphingolipid hydrolysis conditions (40). This
observation is generally compatible with rough estimates
of these ratios based upon isolated material derived from
our two sphingolipid hydrolyses.

Structure determination

Structures were assigned to the four isomeric O-methyl
ether diacetates based on their physical, chromato-
graphic, and spectral properties. Two of the O-methyl
ethers showed distinctive 3C NMR chemical shifts (8 35.3
and 25.2) indicating a methoxy group at C-5. The other
isomers showed NMR data compatible with a methoxy
group at C-3. The configuration of the epimeric 3-0-
methyl ethers was tentatively assigned as indicated in
Fig. 1 based upon comparisons of the optical rotation of
IIIc (-12.1°) with those of the D-erythro- and L-threo-
sphingosine triacetates (-13.8° and +8.4°, respectively)
(26), under the assumption that replacement of acetyl by
methyl at O-3 has little effect on the rotation. Similar
comparisons of NMR data in Tables 2-4 and '*C data for
ITIb support this inference. The configuration of the 5-0-
methyl ethers was assigned by correlating their physical
and spectral properties with those of O-methylsphingo-
sines I and II of Carter et al. (19), for which the C-5
configuration was determined by Weiss (33).'52 Olefinic
'H NMR coupling constants of ~15 Hz indicated a trans
double bond for all the O-methyl ether isomers, a finding
that had not previously been established unequivocally.

Several original samples of O-methylsphingosine I or II
(as the free base, N-acetate, or diacetate) from the work
of Carter et al. (19) were available for the present study.
Analysis of these samples by 'H and 13C NMR indicated
that O-methylsphingosines I and II are the 5-O-methyl
ether epimers. Correlation of physical and spectralt
properties (Tables 1-4) showed that the diacetates of O-
methylsphingosines I and II correspond to Ve and Vg,

*Weiss (33) determined the C-5 configuration of the 5-O-methyl-
sphingosines by comparing the optical rotations of sodium L-2-hydroxy-
pentadecanoate and the enantiomers of sodium 2-methaxypentadecano-
ate obtained by oxidative degradation of the O-methylsphingosines I and
IL. This assignment of configuration must be regarded as tentative until
it is shown that 2-hydroxy and 2-methoxy fatty acid salts have similar
rotations in aqueous ethanol.

respectively. The O-methylsphingosine samples showed
purities of ~90-99% with little or no contamination by
3-0-methyl ethers or the other C-5 epimer. In view of the
unavailability of modern chromatographic and spectral
methods in 1951, the isolation by Carter et al. (19) of the
5-0-methyl ether epimers in quite high chemical purity
represented a remarkable achievement.

Weiss (33) concluded that O-methylsphingosines I and
II of Carter et al. (19) corresponded to 7:3 mixtures of
5-0-methyl and 3-O-methyl isomers (33). These studies
were based on GC analysis of aldehydes obtained by per-
formylation of each O-methylsphingosine, followed by
hydrolysis and periodate oxidation (Fig. 5, scheme B).
This conclusion is at variance with the high purity we ob-
served in NMR spectra of the original samples of O-
methylsphingosines I and II of Carter et al. (19). We have
subjected O-methyl ethers to periodate-permanganate ox-
idation (48), followed by methylation and GC-MS analy-
sis (Fig. 5, scheme A). Both Ia and 3-O-methyl ethers ITIc
and IVc were oxidized to methy! tetradecanoate, whereas
5-0-methyl ethers Ve, VIa, and VIc gave a 4:1 mixture of
methyl 2-methoxypentadecanoate and methyl tetra-
decanoate. Formation of methyl tetradecanoate from the
5-O-methyl ethers can be ascribed to overoxidation. As
shown in Fig. 5 (scheme B), we propose that Weiss’s obser-
vation of the tetradecanal degradation product (purport-
edly arising from 3-0-methyl ethers) is attributable to dis-
placement of the methoxyl group (with or without allylic
rearrangement) under the acidic performylation condi-
tions or possibly to oxidation of the a-methoxy aldehyde
by periodate.

NMR signal assignments

'H and 3C NMR assignments are presented in Tables
2-4 for 3-O-methyl ether diacetates, 5-O-methyl ethers,
their N-acetate and triacetate derivatives, D-erythro- and
L-threo-C g-sphingosine, and their N-acetate and triace-
tate derivatives. Special attention was given to the repro-
ducibility of the NMR data in view of the very small
chemical shifts differences between O-methyl ether
epimers. These differences were greatest at polarizable
positions, where shieldings are especially susceptible to
changes in solvent, temperature, and concentration. Con-
sequently, the NMR spectra were recorded in CDClI; so-
lution at a standard temperature within a narrow range
of concentration. The effects of temperature and concen-
tration on 'H and *C NMR chemical shifts were mea-
sured for several sphingolipid bases. The relationships be-
tween chemical shift and temperature were nearly linear
in the range of 0°C to 40°C, and the slopes obtained from
linear regression for 'H and 12C resonances of representa-
tive sphingolipid bases are given in Table 5. The relation-
ship between chemical shift and concentration was not ex-
pected to be linear, but linear regression over the range of
30-300 mM gave a reasonable fit to the data, allowing the
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2) CHoN,
lo' 1] 1]
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OCH,
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Z CH;0Ac ! CH,OM Cl
CriaHey * CiaHzy HOH cu"ﬂ/ks/&r HeOH
H NHAc HO  NHAc
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4) KOH, CH30H
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(o]
7:3 ratioby GC

Fig.- 5. Oxidative degradation of O-methylsphingosines. Scheme A: Periodate-permanganate oxidation of sphingo-
sine and its 3-0-methyl and 5-0-methyl ethers. Scheme B: Performylation-hydrolysis, followed by periodic acid oxi-
dation reported in ref. 33. We suggest that the minor tetradecanal product may arise from displacement or re-
arrangement of methoxyl during the acidic conditions of performylation.

concentration effect to be approximated by a single co-
efficient in this range (Table 5). Thus, although the NMR
data presented in Tables 2-4 are strictly valid only for
CDCI; solution at 25°C at the concentrations shown
(~5 mM for 'H, ~60 mM for 13C), compensation for
differences in temperature and concentration can be esti-
mated from factors listed in Table 5.

'H and 13C NMR assignments in Tables 2 and 3 were
made from a combination of HSQC, HMBC, double-
quantum filtered COSY or COSYDEC, 1-D spectra, and
!H-'H coupling patterns. Our assignments appear to be
in agreement with those reported previously (49, 50) for
sphingolipid bases except for the 13C assignments of C-4
and C-5 of sphingosines I-II. In an early study of 3C
NMR of sphingolipid bases (49), C-4 was reported as the
downfield olefinic signal without supporting evidence,
and the correctness of this assignment has apparently
been accepted by others (26, 50-57). The reported assign-
ments of C-4 and C-5, which have been applied to cera-
mides and other sphingolipids, seemed to us incompatible
with the observation (58, 59) that acetylation of an allylic
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alcohol leads to shielding of the @-carbon (by 3.6-5.5
ppm) and deshielding of the a-carbon (by 0.1-4.4 ppm).
We initially confirmed our suspicions that the reported as-
signments for C-4 and C-5 were reversed by an early
1H-13C correlation experiment consisting of a series of
single-frequency off-resonance decoupling experiments at
different decoupler offsets (60). This experiment showed
that the downfield olefinic carbon atom bears the down-
field olefinic proton, which is easily assigned as H-5 based
on its coupling pattern (doublet of triplets) relative to that
of H-4 (doublet of doublets). We have confirmed these
findings by an HSQC experiment (Fig. 2, panel A) lead-
ing to the same conclusion. HSQC experiments were also
used to assign the olefinic 13C signals of the 5-O-methyl
ethers (Fig. 2, panel B) and of diene VII. The structure
of VII was deduced from HSQC and COSYDEC spectra
in conjunction with connectivities obtained by matching
1H-'H coupling constants. The trans-cis diene system was
established from 'H-'H NMR coupling constants and
confirmed by comparisons with 'H NMR data for
(2E,4Z)-1-acetoxy-2,4-octadiene (61).
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TABLE 5. Effect of temperature, concentration, and Pr(tfc); on 'H and 3C NMR chemical shifts of
D-erythro-sphingosine, O-methyl ethers, and their acetate derivatives’

Temperature Concentration Lanthanide-Induced
Coefhicients’ Coefficients’ Shifes

Ia Via Vib Vic Ia Vb Ia Via
C-1 19.6 14.4 7.4 1.5 1.9 -2.1 771 788
C-2 13.3 2.0 8.6 10.2 0.6 -0.4 1000 1000
C-3 12.0 5.1 -3.6 ~-4.1 0.9 1.2 305 34
C-4 10.4 4.7 17.7 16.5 38 -2.1 261 173
C-5 - 0.6 1.2 0.5 1.0 2.9 0.0 100 128
C-6 -1.3 4.0 4.7 3.5 0.0 -0.3 70 81
C-7 i.5 0.1 0.3 0.3 0.4 -0.2 51 63
C-8 -1.6 1.4* 1.4* 1.7* 0.1 -0.2 30 41
C-9 -0.7 0.0* 0.3* 0.5* 0.1 -0.2 20 30
C-10 -0.8 0.1 0.1 0.4 0.1 ~0.2 14 19
C-11 -0.7 ~0.1 0.3** 0.4** 0.1 -0.2 79 13
C-12 -0.7 0.0 0.1 0.4 0.1 -0.2 5.1 9.5
C-13 -0.5 ~0.1 0.0 0.2 0.2 -0.3 2.8 5.9
C-14 -0.3 -0.1 -0.1** 0.2** 0.2 -0.3 1.3 4.1
C-15 -1.1 ~0.9 -0.8 ~0.7 0.2 -0.3 0.5 2.4
C-16 0.6 0.6 0.8 0.8 0.2 -0.3 -0.3 1.3
C-17 -0.8 -0.8 -0.4 -0.6 0.2 -0.3 -0.4 0.8
C-18 -4.0 -39 -4.0 -3.7 0.3 -0.3 -0.1 0.9
MeO -0.4 -0.2 0.7 -0.6 75
1-Ac -4.6
Cc=0 -6.7
2-Ac -2.5 -3.2 -0.6
C=0 -8.3 -6.5 0.4
H-1a -0.2 -0.3 -0.3 -0.5 -0.2 -0.12
H-1b -1.4 -0.7 0.1 0.1 -0.5 -0.23
H-2 0.5 -1.2 -0.8 -1.0 -1.2 -0.14
H-3 -0.6 0.0 -0.2 -0.3 -0.9 0.00
H-4 0.7 0.5 0.7 0.8 -0.1 -0.05
H-5 0.3 0.1 -0.2 ~-0.1 -0.3 -0.03
H-6a 0.2 0.1 ~-0.1 -0.1 -0.04
H-6b 0.0 0.0 0.0 -0.1 -0.03
CHY 0.4 0.4 0.4 0.4 0.0 0.00
H-18 0.0 0.0 0.0 0.1 0.0 0.00
MeO -0.2 -0.3 -0.2 -0.03
NH -24.2 ~15.4 -8.1 -4.7 3.8 1.78
1-Ac ~0.8***
2-Ac -1.0 —1,9%%* -0.08

“Values marked by asterisks may be interchanged within a column.

*In the range of 0-40°C, the effect of temperature on chemical shift was approximated as a linear function
described by the equation » = vy; + KT - 25), where ;s is the chemical shift in ppm at 25°C, T is the temperature
in °C, and £ is a proportionality constant. The constant £ (in units of ppb/°C) was estimated by linear regression
from 'H and 13C NMR spectra recorded in GDCI; (50-100 mM) at three to five different temperatures in the range
of 0°C to 40°C. The accuracy is estimated to be the Jarger of 10% of the value and +0.3 ppb/°C (*C) or +0.1
ppb/°C ('H). For example, a 10°C increase in temperature will lead to a 0.196 +0.02 ppm downfield shift for C-1
of Ia and an upfield shift of 0.003 +0.001 ppm for H-1a of Ia.

‘In the range of 30-300 mM, the effect of temperature on chemical shift was approximated as a linear function
described by the equation » = v, + [S], where v, is the chemical shift in ppm at a standard concentration (e.g.,
50 mM), [S] is the concentration of sphingolipid base and £ is a proportionality constant. The constant £ (units of
ppb/mM) was estimated by linear regression from 'H and 1*C NMR spectra recorded in CDCl, at 25°C at three
to eight different concentrations in the range 20-270 mM (**C) or 5-270 mM (*H). The accuracy is rather low, but
the coefficients give an idea of the magnitude and direction of the concentration shifts. For example, an increase
in concentration from 50 mM to 60 mM will shift the C-1 resonance of Vb 0.021 ppm upfield and H-1a of Vb 0.001
ppm upfield.

“Shifts induced by Pr{tfc)s, normalized to a value of 1000 for the largest induced shift. Positive values correspond
to upfield shifts.

‘Strong “singlet” representing methylene envelope for protons on carbons 8-15.
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In previous '3C spectral characterizations of sphingo-
lipid base moieties (20, 26, 49-57), few if any resonances
in the nine-carbon cluster of signals at 6 29-30 could be
resolved or assigned. As illustrated in Fig. 2 (panels C and
D), nearly all of the 1*C signals were isolated by resolution
enhancement of the 126-MHz spectra. The signals were
assigned by LIS experiments, in which the Pr(tfc);-
induced shifts!? of each carbon atom were measured pre-
cisely. The LIS values, shown in Table 5, indicated that
Pr(tfc); coordinated almost exclusively to functional
groups at C-1 and C-2. LIS results are normally inter-
preted using the simplified McConnell-Robertson equa-
tion (62), where £ is a proportionality constant and r and
6§ are defined in Fig. 5.

LIS qcutated = k(3cos20 - 1)/73

Although multiple sites of coordination and multiple con-
formations of the sphingolipid bases precluded exact pre-
dictions of LIS, this equation did lead to the useful infer-
ence that both § and r increase with increasing carbon
number when the sphingolipid base is in the representative
fully extended conformation (Fig. 6). Under the reasonable
assumption that 8 <90° the equation then predicts a
decrease’ in LIS with increasing carbon number.

This predictive model was validated by the observation
of decreasing LIS for carbons 4-7, for which independent
assignments were available. The remaining carbons were
assigned to give a pattern of decreasing LIS with increas-
ing carbon number. The point in the sphingolipid chain
at which LIS values became too small for reliable assign-
ments (C-16) was the point at which assignments had al-
ready been determined by other methods. The LIS-
derived assignments for sphingosine (Ia) and O-methyl-
sphingosine II (VIa) were mutually compatible in that
chemical shifts were nearly identical between Ia and VIa
for carbons 10-14, whereas carbons 7-9 showed small
deviations attributable to differences in functionality at
C-5. Carbons 7-15 of other sphingolipid bases in Table 2
(except VII) were easily assigned by chemical shift com-
parisons with Ia or VIa. These findings, which are consis-
tent with *C data for methyl stearate (63), represent the
first complete *C NMR assignments for sphingolipid
bases. These assignments may be of value in structure de-
terminations and in studies relating nuclear Overhauser
enhancements and T, values of individual carbon atoms
to the rotational dynamics of the sphingolipid chain.

13A praseodymium shift reagent was chosen for its upfield induced
shifts, which were expected to promote dispersion of the cluster of 3C
signals at 8 29-30. The subsequently observed pattern for carbons 7-13
of increasing '*C chemical shift with increasing carbon number indi-
cated that a europium or ytterbium reagent would have shifted the sig-
nals into each other, resulting in several confusing crossovers.

800 Journal of Lipid Research Volume 36, 1995

Crer—Cp + + + C4—Cy—Cs—C,4

Fig. 6. Idealized picture of the praseodymium atom of Pr(tfc)s binding
to a sphingolipid base at the C-2 nitrogen; C,, is the n™ carbon atom in
the sphingolipid chain, r, is the distance between the Pr atom and the
substrate atom C,, and 6, is the angle between Pr—C,, and the prin-
cipal magnetic axis (e.g., Pr—N). Analogous definitions hold for C,,,,
ry.1, and 8,,,. This diagram illustrates how both # and r increase with
increasing n.

Methods for identifying O-methyl ether isomers

The 13C NMR data in Table 2 were useful in determin-
ing the composition of sphingolipid base mixtures con-
taining O-methyl ethers. O-Methyl ethers were readily
distinguished from other sphingosine derivatives by the
distinctive 13C NMR chemical shift (6 ~ 80) of the carbon
atom bearing methoxyl. The 5-O-methyl ethers were
recognized by the C-6 (6 35.3) and C-7 (6 25.2)
resonances, which were well-separated from the corre-
sponding signals in 3-0-methyl ethers (8 32.3 and 6 29.1)
and most other sphingolipid bases. The 3-0-methyl ether
epimers could be distinguished from each other by their
C-3 chemical shifts (6 82.4 vs. 6 80.0 for the diacetate
derivatives), but the 1*C NMR spectra of the 5-O-methyl
epimers were very similar, especially for the free bases Va
and VIa. Identification of a single 5-O-methyl ether
epimer from its ¥3C spectrum requires reproducibility of
+0.01 ppm, which might be achieved (except for C-2 and
the olefinic carbons) by exclusion of polar impurities and
careful attention to temperature and concentration. Sol-
vent, temperature, and concentration had a somewhat
smaller effect on 'H chemical shifts, which were also use-
ful for analyzing O-methyl ether mixtures. As in the case
of 13C spectra, the 3-O-methyl ether diacetates are easily
distinguished (e.g., by the separation of the H-1 reson-
ances), whereas differentiation of the 5-O-methyl ethers
requires careful chemical shift comparisons, with special
attention to operating conditions if only. one isomer is
available. The relative ease of differentiating O-methyl
ether epimers by 'H NMR at 500 MHz is illustrated in
Fig. 2, in which the reasonably well-dispersed signals in
mixtures of 3-0-methyl ethers IIIc and IVc (panel E) are
contrasted with the largely unresolved signal pairs of the
5-0-methyl ether diacetates Vc and VIc (panel F). Diace-
tates Ve and VIc also showed differences in the Jusus
coupling constant large enough to be used in their
identification.
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'As shown in Fig. 4, the O-methyl ether diacetates could
also be distinguished from the fingerprint region of the IR
speétrum. This region, which contains the strong bands
corresponding to C—O and C—O-C stretching vibra-
tions, differed markedly among the four isomers Illc,
IVe, Ve, and VIc, Mass spectra of the 3-O-methyl ether
diacetates also differed from those of the 5-O-methyl
isomers, as has been reported previously for other deriva-
tives (38).

Chromatographic data for the O-methyl ethers are
summarized in Table 1. The 3-O-methyl ethers were well-
separated from the 5-O-methyl ethers by TLC, HPLC,
and GC as the diacetates, with retention orders parallel-
ing those given previously for TLC (34, 35, 40), GC (17,
31), and HPLC (18, 37, 38) despite differences in derivati-
zation and operating conditions. Apart from TLC of
dinitrophenyl derivatives (34, 40), chromatographic sepa-
rations of epimeric pairs of O-methyl ethers have not been
reported. We observed partial separation of epimeric pairs
of O-methyl ether diacetates by reversed phase HPLC
(Fig. 7), but the resolution was insufficient for quantita-
tion of minor epimeric components. The N-acetates of the
5-O-methyl ethers were not resolved under the conditions
in Fig. 7, but were partially resolved in a weaker solvent.
Other derivatizations or chromatographic techniques
(e.g., capillary GC or normal phase HPLC) may be
needed to adequately resolve these highly similar pairs of
epimers. Because triacetate Ic and the O-methyl ether di-
acetates showed similar chromatographic behavior on
TLC and reversed phase HPLC, sphingosine samples
cannot be analyzed for O-methyl ether impurities by
liquid chromatography of the triacetate derivatives.

’E Vb, Vib
(=4
e )
o
>
=) vii
Vie, Ic
2
% Ve Ve
o
o
§ i
°®
o
T T T ' I T I 7
0 4 8 12 16
Time (min)

Fig. 7. Reversed phase HPLC separation of 3-O-methyl and 5-O-
methyl ether diacetates (water-methanol 1:9). The chromatogram was
obtained by injecting a mixture of Ib, Vb, Ic, IIlc, Ve, VIc, and frac-
tions 29-32 of column F. Peak labels for VIb and Ic correspond to the
retention times of these compounds in other chromatograms, in which
they were not resolved from Vb and Vle, respectively.

In summary, we have isolated as diacetates the four
O-methyl ether byproducts formed during methanolic
hydrolysis of sphingolipids. The 3-O-methyl ethers were
easily differentiated from the 5-O-methyl ethers by TLC,
HPLC, GC, MS, IR, and 'H and 13C NMR, but epi-
meric ethers were difficult to distinguish and quantify in
mixtures except by NMR, which required careful atten-
tion to operating conditions in the case of the highly simi-
lar 5-O-methyl ethers. The diacetates of O-methylsphingo-
sines I and II of Carter et al. (19) were correlated with the
5-0-methyl ether epimers according to physical and spec-
tral properties. This correlation together with an earlier
structure determination by Weiss (33) was used to assign
tentatively the C-5 configuration of the 5-O-methyl ether
epimers, and the C-3 configuration of the 3-O-methyl
ethers was assigned tentatively from correlations of opti-
cal rotations. The chromatographic and 'H and !3C
NMR spectral properties of each of the four 0-methyl
compounds presented herein should be valuable for the
characterization of sphingosine samples and evaluation of
their purity. In addition, the availability of the individual
epimers should permit their use in structure-activity rela-
tionships with regard to effect of sphingolipid bases (and
their derivatives) on various biological phenomena re-
ported to be affected by sphingosine and its 1-phosphate!4
and N-acyl derivatives. i
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