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Synthetic Study of Lipoteichoic Acid of Gram Positive Bacteria. II.
Synthesis of the Proposed Fundamental Structure of
Enterococcus hirae Lipoteichoic AcidV
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The proposed fundamental structure of Enterococcus hirae lipoteichoic acid (LTA) was synthesized in order
to elucidate the chemical structure responsible for the cytokine-inducing activity described for the natural LTA
fraction of this bacteria. Synthesis was accomplished by coupling of the glycolipid part with the poly(glycerol
phosphate) (PGP) part by using a phosphoramidite method. The glycolipid part was constructed by coupling of
the phosphatidic acid moiety with a kojibiosyl diacylglycerol which had been prepared by stepwise glycosidation
with glycosyl fluorides. «@-Selective glucosidations were effected by virtue of the 2,2,2-trichloroethoxycarbonyl
(Troc) group introduced at the 6-hydroxyl function. p-Nitrobenzyl (NPM) and p-pivaloylaminobenzyl (PAB)
groups were successfully applied to temporary protection of hydroxyl functions.

Lipoteichoic acids (LTAs) are amphiphilic cell-surface
glycoconjugates characteristic of gram-positive bacte-
ria. They consist of covalently bound glycolipid and
hydrophilic parts. The latter is a (1—3)-phospho-
diester-linked poly(glycerol phosphate) (PGP). Species-
specific structural variations of the glycolipid part have
been described.? Recently, immunostimulating activ-
ity was found in LTAs isolated from several bacterial
species.>~ Usami et al. described the potent antitu-
mor activity of Streptococcus pyogenes LTA based on
an induced tumor necrosis factor (TNF). They also de-
scribed the low toxicity of the TNF induced by strepto-
coccal LTA compared with that induced by lipopolysac-
charides (LPS) of gram-negative bacteria.>—> Tsutsui
et al. studied the biological activities of two sub-frac-
tions of LTA (LTA-1 and LTA-2) separated from the
LTA fraction of Enterococcus hirae ATCC 9790 by hy-
drophobic chromatography. They demonstrated that
the more hydrophobic LTA-2 was more active than
LTA-1 in inducing cytokines, but both LTAs showed
similar antitumor potency in vivo.%"

The chemical structures of the above LTAs were
proposed previously by Fischer et al. as shown in
Fig. 1.2101) L TA-1 of E. hirae is assumed to have the
same structure as that proposed for S. pyogenes LTA.
Its glycolipid part consists of an «a(1—2) disaccharide
of D-glucose (kojibiose) linked to 1,2-diacyl-sn-glycerol
by an a-glycosidic bond. LTA-2 of E. hirae has a phos-
phatidic acid linked to the 6-position of glucose in the
glycolipid part of LTA-1 or S. pyogenes LTA. The av-
erage chain length of the PGP part is deduced to be
about n=20. The secondary hydroxyl groups of the
glycerol moieties in the PGP part were reported to be
substituted with (oligo)glycosy! and/or D-alanyl groups.
However, the structure of the entity responsible for the
immunostimulating activity has not been defined chem-
ically, since natural LTAs were always obtained as het-
erogeneous mixtures of congeners. We then started a
synthetic study of the above LTAs to confirm the pro-

posed structure and elucidate the chemical entity re-
sponsible for their interesting activities.

In a previous study,'? we reported the synthesis of
the structure proposed for the LTA of S. pyogenes, 1
(n=3), by coupling of the glycolipid with PGP and sub-
sequent final deprotection. The PGP part was prepared
by a simple repeating procedure using a phosphor-
amidite method for the construction of the 1,3-phos-
phodiester linkage. Since the contents of D-alanine or
D-glucose linked to glycerol vary depending on various
factors, and since alanine-free LTA was reported to re-
tain the biological activity,” we omitted these PGP sub-
stituents in our first synthesis. The glycolipid part of
1 was synthesized using appropriate glycosyl fluorides
as donors, where the p-nitrobenzyl (p-nitrophenylmeth-
yl, NPM) group was successfully applied to temporary
protection of a hydroxyl function. Palmitic acid was
used as the sole acyl moiety although palmitic and oleic
acids proved to be the main components of fatty acids
in the natural product. In this paper, we describe the
synthesis of another more complex structure, 2 (n=3),
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Fig. 1. The proposed structures of Streptococcus pyo-
genes LTA (1) and Enterococcus hirae LTA-2 (2).
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proposed for LTA-2 of E. hirae.

Results and Discussion

The synthesis of E. hirae LTA-2 was carried out by
a route similar to that employed for the synthesis of S.
pyogenes LTA. The glycolipid was prepared by stepwise
coupling of glucose units to a glycerol derivative. Glyco-
syl fluorides, whose 2-hydroxyl groups were protected as
nonparticipating benzyl-type ethers, were used as gly-
cosyl donors for the formation of a-glucosidic linkages.
We used an NPM group for the temporary protection
of the 2-hydroxyl group of the first glucosyl donor as
well in the present case, since the NPM function proved
to be versatile for the temporary protection of hydroxyl
functions in our previous studies.}>'4) The NPM ether
is stable under various reaction conditions, particularly
in the presence of strong acids including Lewis acids,
which are frequently used for the activation of glyco-
syl fluorides or trichloroacetimidates. The ether can be
removed selectively via reduction to the p-aminobenzyl
group followed by anodic oxidation or by 2,3-dichloro-
5,6-dicyano-p-benzoquinone (DDQ) oxidation after N-
acetylation.

The phosphatidyl residue in structure 2 was intro-
duced after construction of the kojibiosyl diacylglyc-
erol structure in order to avoid exposing the phospho-
triester to acidic reaction conditions in the glycosida-
tion steps. Therefore, the 6-position was temporarily
protected with a p-pivaloylaminobenzyl (PAB) group,
as we reported recently.!® The PAB group can be se-
lectively removed with DDQ in a manner similar to the
cleavage of the p-methoxybenzyl (MPM) group in the
presence of benzyl and acyl groups, but is stable under
glycodisation conditions using Lewis acids. The MPM
group is, in contrast, partially cleaved under such con-
ditions. However, we first protected the 6-position with
a 2,2,2-trichloroethoxycarbonyl (Troc) group, since we
expected a possible influence of the 6- O-Troc group to
increase the a-selectivity in the glycosidation step.'®
After the glycosidation of 1,2-di- O-allyl-sn-glycerol (8)
with 6-O-Troc fluoride 7 and subsequent removal of the
Troc group, a PAB group was introduced as shown in
Scheme 1. The acyl moieties were also introduced after
this glycosidation step in order to avoid their possible
migration in 1,2-di- O-acyl-sn-glycerol during the gly-
cosidation using an acid catalyst.

The 6-position of allyl 3- O-benzyl-2- O-(p-nitroben-
zyl)glucoside (3)'? was selectively protected with the
Troc group. The 4-position of product 4 was benzylated
with benzyl trichloroacetimidate and trifluoromethane-
sulfonic acid (triflic acid, TfOH) to give 5. The allyl
group of 5 was then cleaved by isomerization to the
1-propenyl group with an iridium complex!” followed
by treatment with iodine and water'® to give 1-hy-
droxy derivative 6. Glycosyl fluoride 7 was obtained
in a quantitative yield (a:8=1.3:1)'*) by fluorination
of 6 using 2-fluoro-1-methylpyridinium p-toluenesulfo-
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nate (FMPT) and triethylamine.??)

The glycosidation with 6- O-Troc fluoride 7 of 1,2-
di- O-allyl- sn-glycerol (8) was carried out in ether by
Noyori’s procedure?") using the 3-O-TMS derivative of
the latter (9) in the presence of trimethylsilyl trifluo-
romethanesulfonate (TMSOTI). The desired glucosyl
glycerol derivative 10 was obtained as a mixture of a-
and S-anomers in an 81% yield with high a-selectivity
(a:3=11.5:1).22 The results by other glycosidation
procedures such as Mukaiyama’s method using 8 and
SnClo—AgCl04?® in ether (yield: 41%, a:B=4:1) or
Suzuki’s method using 8 and [ZrCly(Cp)a]-AgClO42%
in toluene (yield: 73%, a: $=6:1) surpassed the above
result in neither the yield nor the anomeric selectivity.
In our previous synthetic study of S. pyogenes LTA,!?
the glycosidation of 9 with 6- O-Bzl fluoride 11 (3,4,
6-tri- O-benzyl-2- O-(p-nitrobenzyl)-a-D-glucopyranosyl
fluoride] by Noyori’s procedure gave the corresponding
glycoside 12 [1,2-di- O-allyl-3- O-[3,4,6-tri- O-benzyl-2-
O-(p-nitrobenzyl)-a-D-glucopyranosyl]-sn-glycerol] in a
ratio of a: $=3.4:1. These results indicate that the a-
selectivity was increased remarkably by the influence of
the 6-O-Troc group as we expected.

The 6- O-Troc group of 10 was then removed with
NaOMe to give a mixture of the desired a-glucosyl glyc-
erol 13 and its S-anomer, which were completely sep-
arated by silica-gel column chromatography. The PAB
group was introduced at the free 6-position of 13 by
the use of p-pivaloylaminobenzyl trichloroacetimidate
and TfOH in dichloromethane at —70 °C. PAB ether
14 was obtained in a 79% yield (recovery of 13:10%).
The allyl groups of compound 14 were then isomerized,
and the resulting 1-propenyl ethers in 15 were cleaved
with 90% aqueous acetic acid at 50 °C to give diol 16 in
a 63% yield. The free hydroxyl groups of 16 were acyl-
ated with palmitoyl chloride to give dipalmitoyl deriva-
tive 17.

The NPM group in 17 was then removed according
to the method mentioned above. The nitro group of 17
was reduced by the use of a combination of a zinc—cop-
per couple and acetylacetone to give aminobenzyl ether
18 quantitatively.!>'¥) The aminobenzyl group in 18
was selectively cleaved by anodic oxidation in 2-methyl-
2-propanol (*BuOH)-water (3:1) using perchloric acid
as the supporting electrolyte and platinum electrodes
under a constant current without any change of the
PAB group, which was oxidatively removed later with
DDQ. Compound 19 was thus obtained in a 72% yield
with 15% recovery of 18.

The glycosidation of acceptor 19 with the second
glucosyl donors was then examined. In order to esti-
mate the effect of the 6- O-Troc group for a-selectivity
again, we used both 2,3,4,6-tetra- O-benzylglucosy! fluo-
ride (20) and 2,3,4-tri- O-benzyl-6- 0-(2,2,2-trichloroeth-
oxycarbonyl)glucosyl fluoride (21) as donors. Suzuki’s
procedure using [ZrCly(Cp),] and AgClOy4 as an acti-
vator gave better results in the present glycosidation
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Troc: 2,2,2-trichloroethoxycarbonyl

Scheme 1.

reactions.

The glycosidation of 19 with 6-O-Bzl fluoride 20 af-
forded the desired a-anomer 22 (39%) and its S-anomer
(17%), which were separated by silica-gel column chro-
matograpny (a:8=2.2:1).?® The PAB group of a-
anomer 22 was then selectively removed by DDQ to ob-
tain disaccharide derivative 24 to be used for the subse-
quent coupling with a phosphatidyl residue (Scheme 2).
The glycosidation of 19 with 6- O-Troc fluoride 21 fol-
lowed by the removal of the PAB group gave the de-
sired a-anomer 25 (56%) and its S-anomer (8%) (a: =
7.3:1).28) The a-orienting effect of the 6-O-Troc group
was clearly observed here again.!®

Phosphoramidite reagent 31 to be used for the next
coupling reaction as the phosphatidic acid component
was synthesized as follows. Benzyloxybis(diisopropyl-
amino)phosphine (28)2?” was prepared from benzyl al-
cohol and chlorobis(diisopropylamino)phosphine (27),
which was prepared in situ using dichloro(diisopropyl-
amino)phosphine (26) and diisopropylamine. The reac-
tion of 27 with 1,2-di- O-palmitoyl-sn-glycerol (30) using
1H-tetrazole as a catalyst gave amidite 31 (Scheme 3).
Since amidite 31 was contaminated by a small amount
of dibenzyloxy(diisopropylamino)phosphine 29, a by-
product formed during the preparation of 28, 31 was
purified by extraction of 29 with acetonitrile from a
hexane—triethylamine (40: 1) solution of the crude mix-
ture and subsequent silica-gel column chromatography
with eluents containing triethylamine. The absence
of racemization owing to 1,3-acyl migration under the
weakly acidic reaction conditions (pH 5.0) was assured
by the fact that the optical rotation of 30 did not change
at all even after prolonged contact with 1H-tetrazole.

The coupling reactions of purified amidite reagent 31
with 6'-O-benzyl derivative 24 or 6'- O-Troc derivative
25 proceeded smoothly in dichloromethane and aceto-
nitrile in the presence of 1H-tetrazole. The resultant
phosphites were oxidized with m-chloroperbenzoic acid

(mCPBA) without isolation to give glycolipid parts 32
and 33, respectively, in good yields.

All benzyl groups of glycolipid 32 were then removed
by catalytic hydrogenation with Pd-black to give free
glycolipid 35, which was purified by column chromatog-
raphy on silica-gel and Sephadex LH-20. Since a glyc-
eroglycolipid with the identical architecture is expected
to be present in the cell membrane of the bacteria,'?
we then planned to identify the synthetic glycolipid 35
by using the natural one, 36, obtained from E. hirae.?®
Since the 'H NMR spectrum of 35 showed broad sig-
nals that were unable to be assigned, 35 was converted
to methyl ester 37 with diazomethane to obtain a bet-
ter spectrum. The proton and '3C-carbon signals of
37 were unambigously assigned by analysis of the *H-
'H and ¥C-'HCOSY NMR spectra. Comparison of
the 'H NMR spectra of 37 and methyl ester 38 derived
from natural glycolipid 36 clearly showed that the nat-
ural glycolipid is identical to the synthetic one except
for the existence of double bonds in the acyl moieties
of the former. Consequently, the structure of the glyco-
lipid of E. hirae was strictly confirmed in the present
study with the exception of the positions of unsatura-
tion. Synthesis of the saturated glycolipid of E. hirae
was also described previously by van Boeckel et al. by
the use of a bifunctional silyl protective group, but the
synthetic glycolipid was not compared with the natural
one except by TLC analysis.??

For the coupling with the glycerol phosphate com-
ponent, the 6-O-Troc group of protected glycolipid 33
was then removed by zinc and acetic acid. The coupling
reaction of the resultant 34 and the phosphoramidite of
glycerol phosphate tetramer 39'? was then investigated
(Scheme 4). When the reaction was carried out in di-
chloromethane and acetonitrile in a manner similar to
that described above for the introduction of the phos-
phatidyl moiety, the coupling reaction did not proceed
at all. We therefore examined various solvents using the



476

oa' OPAB
Ole
azlo BzIO

Koichi FUKASE, Takuya YOSHIMURA, Shozo KOTANI, and Shoichi KusumoTO

— Bk — Bt

[Vol. 67, No. 2

OBzl
20: R\<Bal '22. Ri-g2 24:R'=Bzl
21:R'=Troc 23 :R'=Troc 25 : R'=Troc
R%0 R’0
RO oBa .. R0-| 9Bz R'o{ OF°
0-P-NPr, R'o o-p-o o-g-o
0o 0 J— HO o 0,
- '° 0Bzl - o OH
Z Bz10 o HO fo)
Bz1O o OR? HO OR*
0Bzl —I:on’ OH ° -':on”
32:R'=Bzl 35 : R®, R*= CO(CH,)14CHa, R°=H
33:R'=Troc R’ CO(CHICHs 36 : R°= CO(CH,),CHj,
34:R'=H A= CO(CH,);CH=CH(CH_),CH;, R®=H
37 : R, R*= CO(CH)14CH3, R= CH,
38 : Rz CO(CH,),CHa,
R*= CO(CH,),CH=CH(CH,),CHj, R®= CH,
Scheme 2.
RCOO{
RCOO 30
ls'Pr, IPraNH :’Prz B2IOH E'Prz g'Prg oH :gg :,:’P"z
. — + ———ee
o a PN N1 Pr,N” “oBz  Bz210” “OBal RO : CHy(CHg4CO 0" “oga = 20
26 27 28 29 31
Scheme 3.
0}-P-NPr
BzIO:{ BzIO OBzl 39 :n=3
MPMO leg\ 40 :n=0
QBzI
n O-P-O
P-0 0 0,
BzIOjl- BzIOJ OBzl — 2 (n=3)
mpmo- | B210 o
"Bz10 _tocon
OBzl 0
41 :n=3
42 n-0 RCO=CHy(CH,);4CO
Scheme 4.
glycerol phosphate monomer 40 as a model substrate. 6.0 kgcm™2 of H,. The synthetic LTA-2, 2 (n=3), thus

The reaction proceeded most smoothly in a mixture of
1,2-dichloroethane and acetonitrile among the solvents
tested and the coupling product was formed in a quan-
titative yield. Therefore, we carried out the coupling
of 34 with tetramer 39 in this solvent system. The
reaction proceeded, though the rate was much slower
than in the case of monomer 40. The crude resultant
phosphite was oxidized by mCPBA to afford protected
E. hirae LTA 41 in a 27% yield with 66% recovery of
glycolipid part 34. Finally, all benzyl-type protective
groups were removed by catalytic hydrogenation under

obtained could be effectively purified by gel-filtration
on Sephadex LH-20 using HoO—-tetrahydrofuran (THF)
as eluents. The structure of product 2 was confirmed
by negative FAB-mass spectra where the M~ ion was
observed at m/z 2139.2.

As described, we succeeded in the synthesis of the
proposed fundamental structure of E. hirae LTA-2, 2
(n=3), and synthetically confirmed the structure of its
glycolipid part. The results of biological tests of these
LTAs and their glycolipid parts revealed, however, that
neither antitumor activity nor induction of cytokines
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such as TNF or IL-6 were observed in the synthetic
compounds.®” This may suggest that another struc-
tural component not involved in the synthetic LTAs
is important for the biological activities or a chemical
species different from LTA investigated by Fischer is re-
sponsible for the activities. Recent results of our study
on natural E. hirae LTA indicated the latter possibility
might be the case.3) We are continuing our efforts to
identify the chemical entity responsible for the biolog-
ical activity described for LTA, and the details will be
reported elsewhere.

Experimental

All melting points are uncorrected. 'H and 3C NMR
spectra were measured on JEOL JNM-GSX 270 or 400 spec-
trometers for CDCl3 solutions unless otherwise noted. The
chemical shifts are given in § values with tetramethylsi-
lane (TMS) on *HNMR, and with CDCl3 (77.02 ppm) on
13C NMR, respectively, as the internal standards. FAB-MS
spectra were obtained with a JEOL JMS-SX-102 mass spec-
trometer. Specific rotations were measured on a Perkin—
Elmer 241 polarimeter. HPLC was carried out with a
Shimadzu LC-6AD liquid chromatograph. Silica-gel column
chromatography was carried out using Merck Kieselgel 60
(0.040—0.063 mm) at medium-pressure (2—4 kgcm™2). Sil-
ica-gel TLC was carried out using Merck Kieselgel 60 Fas4.
Organic solutions were dried over MgSO4 and evaporated in
vacuo.

Allyl 3- O-Benzyl-2- O-(p-nitrobenzyl)-6- O0- (2,2,
2-trichloroethoxycarbonyl)-a- and (3-p-glucopyran-
oside (4). To a solution of allyl 3- O-benzyl-2- O-(p-
nitrobenzyl)-a- and B-D-glucopyranoside'® (3) (16.0 g, 35.9
mmol) and pyridine (5.8 ml, 72 mmol) in CH2Cl, (500 ml)
was added dropwise a solution of 2,2,2-trichloroethyl chloro-
formate (TrocCl) (5.93 ml, 43.1 mmol) in CH2Cl; (300 ml)
at —20 °C over 3 h, and excess TrocCl was quenched with
MeOH (50 ml). After the solution was concentrated, the
residue was dissolved in AcOEt. The solution was washed
with 1 M HCl (1 M=1 moldm™3), a saturated NaHCO3
solution, and brine, and worked up as usual. The residue
was crystallized from AcOEt—hexane to give colorless nee-
dles: Yield 18.6 g (83.2%); "HNMR, (270 MHz) 6§=8.15—
6.99 (9H, m, aromatic H), 6.00—5.86 (1H, m, CH,=CH-
CH-0), 5.39—5.24 (2H, m, CH,=CH-CH:0), 4.98—4.73
(6H, m, CGH5CE2—, N0206H4Cﬂ2-, and CI3CCH_QOCO—),
and 4.46—4.38 (2H, m, H-6).

Allyl 3,4-Di- O-benzyl-2- O-(p-nitrobenzyl)-6- 0-(2,
2,2-trichloroethoxycarbonyl)-a- and g-p-glucopy-
ranoside (5). To a solution of 4 (3.02 g, 4.86 mmol) in
Et20 (90 ml) were added benzyl 2,2,2-trichloroacetimidate
(1.81 ml, 9.72 mmol) and TfOH (43 ul, 0.49 mmol), suc-
cessively, under N atmosphere. The mixture was stirred at
room temperature for 12 h. To the mixture were added a
saturated NaHCO3 solution (20 ml) and Et2O (100 ml). The
organic layer was washed with a saturated NaHCOg3 solution
and brine, and worked up as usual. The residue was purified
by silica-gel column chromatography (180 g, toluene-AcOEt
40:1—10:1) three times to give colorless crystals: Yield
3.45 g (99.7%); mp 65—67 C’C. Anal. (033H34010N013) C,
H, N, CL

3,4-Di- O-benzyl-2- O-(p-nitrobenzyl)-6- 0-(2,2,2-
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trichloroethoxycarbonyl)-a- and 3-p-glucopyranose
(6). To a solution of 5 (6.67 g, 9.39 mmol) in THF
(250 ml) was added [Ir(cod)(PMe(CeHs)2)2]PFs (cod: cy-
clooctadiene) (Ir-complex) (220 mg) under N, atmosphere.
The N3 in the system was replaced with Hs, and the solu-
tion was stirred at room temperature for 30 s. The system
was evacuated until the color of the solution changed from
yellow to light red, and then filled again with N2, and the
solution was stirred for 5 min at room temperature. To
the solution were added H20O (70 ml) and I, (4.77 g, 18.8
mmol), and the mixture was stirred for 10 min at room tem-
perature. After excess I was quenched with a 10% NaS203
solution (180 ml), the solution was concentrated and worked
up as usual. The residue was purified by silica-gel column
chromatography (180 g, toluene—AcOEt 7:1) to give 6 as a
syrup: Yield 5.20 g (82.7%); [o]F +44.9° (c 1.14, CHCL).
Anal. (030H30010N013) C, H, N, Cl.

3,4-Di- O-benzyl-2- O- (p-nitrobenzyl)-6- 0- (2,2, 2-
trichloroethoxycarbonyl)-a- and 3-p-glucopyranosyl
Fluoride (7). To a solution of 6 (9.44 g, 14.1 mmol) in
CH2Cl2 (400 ml) were added 2-fluoro-1-methylpyridinium
p-toluenesulfonate (FMPT) (7.97 g, 28.1 mmol) and EtzN
(7.90 ml, 53.5 mmol) at 0 °C. The mixture was stirred
at room temperature for 12 h, then diluted with AcOEt,
washed with a saturated NaHCO3 solution and brine, and
worked up as usual. The residue was passed through a short
column of silica gel (20 g, toluene—AcOEt 20: 1) to give 7 as
asyrup: Yield 9.34 g (98.6%); 'H NMR (270 MHz) 6=8.18—
7.24 (14H, m, aromatic H), 5.64 (0.57H, dd, J=2.7 and 52.9
Hz, H-1(a)), 5.27 (0.43H, dd, J=6.7 and 52.4 Hz, H-1-
(,3)), 4.93—4.60 (8H7 m, CeHsC_Iiz—, N0206H4Cﬂ2—, and
ClsCCH,0CO-), 4.49—4.36 (2H, m, H-6), 4.08—4.00 (2H,
m, H-5 and H-4), and 3.77—3.49 (2H, m, H-3 and H-2).

1,2-Di- O-allyl-3- O-[3,4-di- O-benzyl-2- O-(p-nitro-
benzyl)-6- 0-(2,2,2-trichloroethoxycarbonyl)-a- and
B-p-glucopyranosyl]-sn-glycerol (10). To a solution
of 7 (1.39 g, 2.06 mmol) and 1,2-di- O-allyl-3- O-trimeth-
ylsilyl-sn-glycerol'? (9) (904 mg, 3.09 mmol) in anhydrous
Et20 (15 ml) was added TMSOTT (388 pl, 2.06 mmol) drop-
wise at 0 °C. The mixture was stirred at 5 °C for 3 d. Af-
ter addition of a saturated NaHCOs solution, the organic
layer was washed with water and worked up as usual. The
residue was purified by silica-gel column chromatography
(80 g, toluene—AcOEt 20:1) to give an oily product (1.37 g,
80.6%) as a mixture of the a- and -anomers (a: 3=11.5:1):
'"HNMR (270 MHz) §=8.16—7.24 (14H, m, aromatic H),
5.95—5.81 (2H, m, CH,=CH-CH»-0-), 5.30—5.10 (4H, m,
CH,=CH-CH,-0-), 4.95 (0.92H, d, J=3.46 Hz, Glc H-1-
(o)), 4.93—4.60 (8H, m, C¢HsCH2—, NO2C¢H4CHa—, and
ClsCCH.0CO-), 4.46 (0.08H, d, J=7.67 Hz, Glc H-1(3)),
4.40—4.39 (2H, d, J=3.22 Hz, Glc H-6), and 4.16—3.48
(9H, m, CH2=CH-CH2-0O-, Glc H-2—5, and Gro H-1—3).
Anal. (039H44012N013) C, H, N, Cl.

1,2-Di- O-allyl-3- 0-[3,4-di- O-benzyl-2- O-(p-nitro-
benzyl)-a-p-glucopyranosyl]- sn-glycerol (13). A
solution of 10 (1.37 g, 1.66 mmol) in 0.1 M MeONa (70 ml)
was allowed to stand at 0 °C for 12 h and then neutralized
with AcOH. After the mixture was concentrated, the residue
was purified by silica-gel column chromatography (80 g, tol-
uene-AcOEt 3:1) to give syrupy a-anomer 13 and the -
anomer.

13: 802 mg (74.2%); [a]¥ +69.3° (¢ 1.56, CHCl3);
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'HNMR (270 MHz) §=8.16—7.23 (14H, m, aromatic H),
5.96—5.81 (2H, m, CH,=CH-CH,-0-), 5.30—5.10 (4H, m,
CH,=CH-CH,-0-), 4.96 (1H, d, J=3.5 Hz, Glc H-1), 4.91—
4.64 (6H, m, CGH5C_H_2— and NOQCGH4CH2—), 4.21—3.48
(15H, m, CH,=CH-CH2-O-, Glc H-2—6, and Gro H-1—3),
and 1.63 (lH, bS, OH) Anal. (C36H43010N), C, H, N.

The B-Anomer of 13:  70.0 mg (6.7%); "HNMR, (270
MHz) §=8.12—7.25 (14H, m, aromatic H), 5.93—5.79 (2H,
m, CH,=CH-CH,0-), 5.29—5.11 (4H, m, CH,=CH-CH,-
O—), 5.03—4.63 (6H, m, CeHsC_I‘lz— and NOzCeH4Cﬂ2—),
4.68 (1H, d, J=7.92 Hz, Glc H-1), 4.13—3.34 (15H, m,
CH2=CH-CH.-0-, Glc H-2—6, and Gro H-1—3), and 1.80
(1H, bs, OH).

1,2-Di- O-allyl-3- O-[3,4-di- O-benzyl-2- O-(p-nitro-
benzyl)- 6- O- (p- pivaloylaminobenzyl)- a- b-glucopy-
ranosyl]-sn-glycerol (14). To a mixture of 13 (2.20
g, 3.40 mmol) and p-pivalolaminobenzyl 2,2,2-trichloro-
acetimidate (1.79 g, 5.10 mmol) in CH2Cly (20 ml) was
added TfOH (90.0 ul) at —70 °C under N> atmosphere. The
mixture was stirred at —70 °C for 2 h, neutralized with a
saturated NaHCOQj3 solution, diluted with Et2O, and worked
up as usual. The residue was purified by silica-gel column
chromatography (180 g, hexane—AcOEt 4:1) three times
to give a colorless syrup: Yield 2.24 g (78.6%); recovery
of 13: 220 mg (10%). 14: [o)y +55.3° (c 1.28, CHCls);
'HNMR (270 MHz) §=8.14—7.11 (19H, m, aromatic H and
PivNH-), 5.95—5.80 (1H, m, CH,=CH-CH,0-), 5.30—5.09
(2H, m, CH,=CH-CH,0-), 4.97 (1H, d, J=3.5 Hz, Glc
H-l), 4.85—4.39 (8H, m, C6H50ﬂ2-—, NOQCGH4CEQ—, and
PivNHCsH4CH>0-), 4.16—3.47 (15H, m, CH,=CH-CH,—
O-, Glc H-2—6, and Gro H-1—3), and 1.35 (9H, s, CHs).
Anal. (C48H58011N2) C, H, N.

3-0-[3,4-Di- O-benzyl-2- O-(p-nitrobenzyl)-6- O-(p-
pivaloylaminobenzyl)- a- p- glucopyranosyl]- sn- glyc-
erol (16). The allyl groups of 14 (517 mg, 617 mmol)
were isomerized to 1-propenyl groups with Ir-complex (17
mg) in THF (30 ml) as described for the preparation of 6.
The reaction mixture was concentrated, and a solution of
the residue in 90% acetic acid (30 ml) was heated at 70 °C
for 3 h. After concentration, the residue was purified by sil-
ica-gel column chromatography (25 g, benzene—AcOEt 1:4)
to give 16 as a syrup: Yield 295 mg (63.0%); [a]F ® +46.1°
(c 1.05, CHCl3); 'HNMR (270 MHz) §=8.18—7.14 (19H,
m, aromatic H and PivNH-) and 1.31 (9H, s, CH3). Anal.
(C42H50011N2°0.5H20) C, H, N.

3-0-[3,4-Di- O-benzyl-2- O-(p-nitrobenzyl)-6- O-(p-
pivaloylaminobenzyl)-a-p-glucopyranosyl]-1,2-di- O-
palmitoyl-sn-glycerol (17). To a solution of 16 (1.42 g,
1.87 mmol) in CH2Cl, (50 ml) were added palmitoyl chlo-
ride (3.3 ml, 19.1 mmol), pyridine (3.2 ml, 40 mmol), and 4-
dimethylaminopyridine (DMAP) (24 mg, 0.2 mmol) at room
temperature. The mixture was stirred at room temperature
for 2 h and then at 40 °C for 2 h. To the mixture were
again added palmitoyl chloride (2.5 ml, 14.5 mmol) and pyr-
idine (5.0 ml, 62.5 mmol), and the mixture was stirred at
40 °C for 3 h. After excess palmitoyl chloride was quenched
with MeOH (20 ml), the solution was concentrated. The
residue was dissolved in Et2O (250 ml), and washed with 1 M
HCI and brine. To the organic solution was added an ether
solution of diazomethane. The solvent was evaporated, and
the residue was purified by silica-gel column chromatography
(70 g, toluene—toluene—AcOEt 4:1) to give an amorphous
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solid: Yield 2.19 g (94.8%); [a]E +38.6° (¢ 0.420, CHCls);
'HNMR (270 MHz) §=8.18—7.12 (19H, m, aromatic H and
PivNH-), 5.28—5.19 (1H, m, Gro H-2), 4.90 (1H, d, J=3.5
Hz, Glc H-1), 2.39—2.22 (4H, m, -COCH,-), 1.69—1.51
(4H, m, -COCH2CH,-), 1.37 (9H, s, Piv), 1.24 (24H, bs,
CH,), and 0.88 (6H, t, J=7.09 Hz, CHg).

3-0-[2- O-(p-Aminobenzyl)-3,4-di- O-benzyl-6- O-(p-
pivaloylaminobenzyl)-a-bp-glucopyranosyl]-1,2-di- O-
palmitoyl-sn-glycerol (18). To a solution of 17 (2.19 g,
1.77 mmol) in THF (67 ml) were added Zn—Cu (2.0 g) and
acetylacetone (10 ml). The mixture was stirred for 15 min at
room temperature, and the insoluble materials were removed
by filtration. The filtrate was concentrated, and excess ace-
tylacetone was removed by lyophilization from dioxane. The
residue was purified by silica-gel column chromatography
(70 g, benzene—AcOEt 4:1) to give 18 as a colorless syrup:
Yield 2.13 g (quantitative).

3- 0-[3,4-Di- O-benzyl- 6- O- (p- pivaloylaminoben-
zyl)-a-p-glucopyranosyl}-1,2-di- O-palmitoyl-sn-glyc-
erol (19). A solution of 18 (2.13 g, 1.87 mmol) and
HClO4 (440 pl, 5.08 mmol) in the mixture of 2-methyl-2-
propanol (80 ml) and water (20 ml) was placed in an undi-
vided cell equipped with Pt electrodes (each 3 cm?). The
mixture was electrolyzed at room temperature under a con-
stant current of 13 mA cm™2 until 25.2 F mol ™ of electricity
was passed. The solution was neutralized with a saturated
NaHCOs; solution (20 ml) and diluted with AcOEt (100 ml).
The organic layer was washed with a saturated NaHCO3 so-
lution and brine and worked up as usual. The residue was
purified by silica-gel column chromatography (70 g, ben-
zene—AcOEt 4:1) to give an amorphous solid: Yield 1.40 g
(71.8%); recovery of 18: 320 mg (15%).

19: [a]F® +50.5° (¢ 1.00, CHCl3); "HNMR (270 MHz)
§=7.48—7.11 (15H, m, aromatic H and PivNH-), 5.29—
5.20 (1H, m, Gro H-2), 2.37—2.24 (4H, m, -COCH,-), 2.10
(1H, bs, OH), 1.62—1.53 (4H, m, -COCH,CH2-), 1.31 (9H,
s, Piv), 1.25 (24H, bs, CH2), and 0.88 (6H, t, J=7.1 Hz,
CH3). Anal. (Ce7H105011N) C, H, N.

3- 0-[3,4-Di- O-benzyl-2- 0-(2,3,4,6-tetra- O-ben-
zyl- a- p- glucopyranosyl)- 6- O- (p- pivaloylaminoben-
zyl)-a-p-glucopyranosyl]-1,2-di- O-palmitoyl-sn-glyc-
erol (22). To a mixture of 19 (386 mg, 351 pmol), di-
chlorobis (n°-cyclopentadienyl)zirconium [ZrCly(Cp)2] (113
mg, 386 pumol), AgClO4 (160 mg, 772 pmol), and molecu-
lar sieves 4A (100 mg) was added a solution of fluoride 20
(210 mg, 386 pmol) in toluene (20 ml) at —10 °C. The
mixture was stirred at the same temperature for 15 min,
neutralized with a saturated NaHCOj3 solution, and diluted
with AcOEt. After removal of the insoluble materials by
filtration, the organic layer was washed with a saturated
NaHCOg3 solution and brine and worked up as usual. The
residue was purified by silica-gel column chromatography
(40 g, toluene—AcOEt 6:1) to give a-anomer 22 and the -
anomer as Syrups.

22: 221 mg (38.8%); [a]¥ +61.6° (c 1.13, CHCls);
'HNMR (400 MHz) §=7.47—7.03 (35H, m, aromatic H and
PivNH-), 65.18—5.12 (1H, m, Gro H-2), 5.00 (1H, d, J=3.5
Hz, Glc H-1'), 4.98 (1H, d, J=3.3 Hz, Glc H-1), 4.95—4.39
(14H, m, C¢HsCH>-), 4.31 (1H, dd, J=12.1 and 3.3 Hz, Gro
H-1), 4.16 (1H, dd, J=12.1 and 6.2 Hz, Gro H-1), 4.03 (Glc
H-3'), 3.95 (Glc H-3), 3.94 (Glc H-5'), 3.76 (Glc H-2), 3.74
(Gro H-3), 3.68 (Glc H-4'), 3.60 (Glc H-6'), 3.58 (Glc H-6'),
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3.58 (Glc H-2), 3.56 (Gro H-3), 3.42 (Glc H-4), 2.28—2.20
(4H, m, -COCHz-), 1.60—1.52 (4H, m, ~-COCH2CH>-),
1.31 (9H, s, Piv), 1.25 (24H, bs, CH;), and 0.88 (6H, t,
J=6.28 HZ, CH3). Anal. (C101H139016N-0.5H20) C, H, N.

The B-Anomer of 22: 100 mg (17.5%); "HNMR. (270
MHz) 6§=7.37—7.09 (35H, m, aromatic H and PivNH-),
5.27—5.23 (1H, m, Gro H-2), 5.01 (1H, d, J=3.46 Hz, Glc
H-1), 4.51 (1H, d, J=7.42 Hz, Glc H-1'), 2.30—2.16 (4H, m,
-COCHz-), 1.56—1.52 (4H, m, -COCH2,CH>-), 1.31 (9H,
s, Piv), 1.24 (24H, bs, CH), and 0.88 (6H, t, J=6.28 Hz,
CHs).

3-0-[3,4-Di- O-benzyl-2- 0-(2,3,4,6-tetra- O-benzyl-
a-D-glucopyranosyl)-a-p-glucopyranosyl]-1,2-di- O-
palmitoyl-sn-glycerol (24). To a solution of 22 (184 mg,
114 pmol) in CH2Cl; (5.3 ml) were added water (0.3 ml) and
DDQ (27.1 mg, 119 pmol) at 0°C. The mixture was stirred
at 0 °C for 4 h, and then another portion of DDQ (13.5 mg,
59.5 umol) was added. After the solution was stirred at the
same temperature for 12 h, excess DDQ was quenched with
a solution of ascorbic acid (70 mg), citric acid (126 mg), and
NaOH (92 mg) in water (10 ml). The mixture was diluted
with AcOEt, washed with a saturated NaHCO3 solution and
brine, and worked up as usual. The residue was purified
twice by silica-gel column chromatography (23 g, CHCls—
acetone 50:1) to give an oil: Yield 137 mg (83.8%); [
+55.7° (¢ 1.22, CHCl3); 'THNMR (270 MHz) §="7.39—7.04
(30H, m, aromatic H), 5.18—5.12 (1H, m, Gro H-2), 5.05
(1H, d, J=3.5 Hz, Glc H-1"), 4.98 (1H, d, J=3.5 Hz, Glc H-
1), 4.92—4.42 (12H, m, C¢HsCH,-), 4.31 (1H, dd, J=12.1
and 3.3 Hz, Gro H-1), 4.16 (1H, dd, J=12.1 and 6.2 Hz, Gro

-1), 2.34—2.20 (4H, m, -COCH,-), 1.62—1.52 (4H, m,
—COCH,CH-), 1.28—1.20 (24H, m, CH;), and 0.88 (6H, t,
J=6.8 HZ, CH3) Anal. (ngH124015°H20) C, H.

3- 0-[3,4-Di- O-benzyl-2- 0-[2,3,4- tri- O-benzyl- 6-
0-(2,2,2-trichloroethoxycarbonyl)-a-D-glucopyran-
osyl]-a-p-glucopyranosyl]-1,2-di-O-palmitoyl-sn-glyc-
erol (25). The coupling reaction of 19 (275 mg, 250 pmol)
with 6- O-Troc fluoride 21'? (236 mg, 375 pmol) was car-
ried out by using [ZrClz(Cp)2] (95.0 mg, 325 pmol), AgClO4
(135 mg, 650 pmol), and molecular sieves 4A (100 mg) in
toluene (6 ml) at —5 °C for 10 min as described for the
preparation of 22. To the solution of the crude product in
CH:Cl; (8 ml) were added water (0.5 ml) and DDQ (85.0
mg, 375 umol) at 0 °C, and the mixture was stirred at 5
°C for 24 h. Excess DDQ was quenched with a solution of
ascorbic acid (70 mg), citric aicd (126 mg), and NaOH (92
mg) in water (10 ml). The mixture was worked up as usual,
and the residue was purified by silica-gel column chromatog-
raphy (40 g, hexane—AcOEt 2:1) to give a-anomer 25 and
the corresponding [-anomer.

25: 213 mg (56.3%); []E +65.0° (¢ 0.686, CHCl3);
'HNMR (270 MHz) §=7.33—7.09 (25H, m, aromatic H and
PivNH-), 5.16—5.12 (1H, m, Gro H-2), 4.96 (1H, d, J=3.0
Hz, Glc H-1’), 4.92 (1H, 4, J=3.2 Hz, Glc H-1), 2.31—2.21
(4H, m, —-COCHz-), 1.68—1.55 (4H, m, —-COCH,CHa-),
1.25 (24H, bs, CH2), and 0.88 (6H, t, J=6.3 Hz, CHa).
Anal. (CgsH119017013) C, H.

The B-Anomer of 25:  29.0 mg (7.7%); "HNMR (270
MHz) §=7.50—7.11 (30H, m, aromatic H and PivNH-),
5.35—5.27 (1H, m, Gro H-2), 4.58 (2H, d, J=8.9 Hz,
Glc H-6'), 2.34—2.20 (4H, m, —-COCH,-), 1.56 (4H, m,
—-COCH,CH2-), 1.25 (24H, bs, CH2), and 0.88 (6H, t, J=
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6.43 Hz, CHs).

Benzyloxybis(diisopropylamino)phosphine (28).2"
To a solution of dichloro(diisopropylamino)phosphine (26)
(20.0 g, 99.0 mmol) in dry hexane (200 ml) was added drop-
wise diisopropylamine (27.7 ml, 198 mmol) under N2 atmo-
sphere. The misture was refluxed for 3 d under N2 atmo-
sphere. After the mixture was cooled, EtsN (13.8 ml, 99.0
mmol) and benzyl alcohol (10.2 ml, 99.0 mmol) were added
successively to the mixture at 0 °C. The mixture was stirred
at room temperature for 3 h, filtered, and concentrated to
give 28 as an oil.

Benzyloxo(diisopropylamido)[1,2-di- O- palmitoyl-
sn-glycero(3)]phosphorus (31). To a solution of 1,2-
di- O-palmitoyl-sn-glycerol (30) (279 mg, 491 pmol) in dry
CICH2CH;Cl was added benzyloxybis(diisopropylamino)-
phophine (28) (249 mg, 737 pmol) and 1H-tetrazole (27.5
mg, 393 pmol) under Ny atmosphere. After the solution was
stirred at room temperature for 1 h, CH2Cl> and a saturated
NaHCOs3; solution were added. The organic layer was then
washed with a saturated NaHCOj3 solution and worked up as
usual. The residue was dissolved in hexane (40 ml) and EtzN
(1 ml). This solution was washed with CH3CN (10 mlx25)
and evaporated. The product was purified by silica-gel col-
umn chromatography (40 g, hexane-EtzsN=40:1) to give a
syrup: Yield 318 mg (80.3%); '"H NMR, (270 MHz) §=7.34—
7.27 (5H, m, aromatic H), 5.23—5.14 (1H, m, H-2), 4.78—
4.58 (2H, m, C¢HsCH>), 4.38—4.12 (2H, m, H-1), 3.83—3.56
(4H, m, H-3 and -N-CH-), 2.31—2.25 (2H, m, -COCHs-),
1.62—1.42 (2H, m, -COCH,CH,-), 1.25 (24H, m, CHy),
and 0.88 (6H, t, J=6.9 Hz, CHs).

3- 0-[2- O0- (2, 3,4, 6- Tetra- O- benzyl- a- - glucopy-
ranosyl)-6-[1,2-di- O-palmitoyl-sn-glycero(3)-benzyl-
phospho]-3,4-di- O-benzyl- a- p-glucopyranosyl]-1,2-
di- O-palmitoyl- sn-glycerol (32). To a solution of
disaccharide 24 (107 mg, 74.6 pmol) and phosphoramidite
31 (168 mg, 210 pmol) in CH3Cl; (6 ml) was added 1H-
tetrazole (16.8 mg, 238 pmol) in CH3CN (2 ml) under
No atmosphere. The mixture was stirred at room tem-
perature for 5.5 h. To the mixture were added 31 (126
mg, 156 pmol) in CH2Clz (3 ml) and 1H-tetrazole (11.6
mg, 166 umol) in CH3CN (1 ml). After the mixture was
stirred for an additional hour, 80% mCPBA (51.4 mg, 238
pmol) was added. This mixture was stirred for 30 min,
diluted with CH2Clz, washed with an aqueous NaHCO3 so-
lution and brine, and worked up as usual. The residue was
purified by silica-gel column chromatography (40 g, tolu-
ene—AcOEt 8:1) and then by column chromatography on
Sephadex LH-20 (CHCIl3—MeOH 1:1). The fractions con-
taining 32 were concentrated to give a colorless syrup: Yield
139 mg (86.5%); [a]3® +44.0° (¢ 1.10, CHCl3); 'HNMR, (400
MHz, CDCl3) 6 7.4—7.05 (35H m, CeH ,CH2x7), 5.18
(1H, m, Gro(b) H-2), 5.13 (1H, m, Gro(a) H-2), 5.06 (2H,
m, CeHsCH>-OP), 5.01 (0.5H, d, J=3.5 Hz, Glc(b) H-1),
4.99 (0.5H, d, J=3.5 Hz, Glc(b) H-1), 4.94 (1H, d, J=3.6
Hz, Glc(a) H-1), 4.98—4.24 (12H, m, C¢HsCH, x6), 4.34—
4.25 (2H, Gro(b) H-1, 3), 4.29 (1H, Gro(a) H-1), 4.29—
4.15 (2H, Glc(a), H-6, 6'), 4.15 (1H, Gro(a) H-1'), 4.12
(1H, Gro(b) H-3), 4.11 (1H, Gro(b) H-1"), 4.02 (1H, dd,
J=9.3 and 9.3 Hz, Glc(b) H-3), 3.96 (1H, Glc(a) H-3), 3.95
(1H, Gle(b) H-5), 3.77 (1H, Glc(a) H-5), 3.70 (1H, Glc(a)
H-2), 3.69 (1H, Gro(a) H-3), 3.68 (1H, Glc(b) H-4), 3.58
(1H, dd, J=3.5 and 9.7 Hz, Glc(b) H-2), 3.52 (1H, Gro-
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(a) H-3'), 3.50 (1H, Glc(a) H-4), 3.48 (1H, m, Glc(b) H-6),
3.38 (1H, m, Glc(b) H-6'), 2.3—2.19 (8H, m, OCOCH, x4),
1.6—1.45 (8H, m, OCOCH,CH, x4), 1.35—1.15 (96H, m,
OCOCH;CH;(CH>)12CH3x4), and 0.88 (12H, t, J=6.9 Hz,
CH3x4); 3CNMR (100.4 MHz) §=96.53 (Glc(a) C-1),
95.54 (Gle(b) C-1), 95.54 (Glc(b) C-1), 82.09 (Glc(b) C-3),
80.26 (Glc(a) C-3), 79.25 (Gle(b) C-2), 77.60 (Glc(b) C-4),
77.22 (Gle(a) C-4), 76.03 (Gle(a) C-2), 75.90, 75.56, 75.08,
74.85, 73.34, 72.96 (CeHsCH2,CH20x%6), 70.61 (Gle(b) C-
5), 69.87 (3Jpc=8.8 Hz, Glc(a) C-5), 69.83 (Gro(a) C-2),
69.52 (2Jpc=5.9 Hz, CeHsCH,-OP), 69.34 (3Jpc=7.4 Hz,
Gro(b) C-2), 68.09 (Glc(b), C-6), 66.63 (Glc(a), C-3), 66.37
(m, Glc(a) C-6), 65.42 (m, Gro(b), C-3), 62.66 (Gro(a) C-1),
and 61.70 (Gro(b) C-1); where Glc(a) and Glc(b) represent
the reducing side and distal glucose residues, respectively;
Gro(a) stands for the glycosyl glycerol residue and Gro(b)
for the glycerol residue of the phosphatidyl moiety. Anal.
(C131H197022P) C, H.

3- 0-[2- O0-[2,3,4-Tri- O-benzyl-6- O-(2,2,2-trichlo-
roethoxycarbonyl)-a-p-glucopyranosyl]-6-[1,2-di- O-
palmitoyl- sn- glycero(3)- benzylphosphol- 3, 4- di- O-
benzyl- a-p-glucopyranosyl]-1,2-di- O- palmitoyl- sn-
glycerol (33). Disaccharide 25 (270 mg, 178 pmol)
was treated with phosphoramidite 31 (362 mg, 448 pmol)
and 1H-tetrazole (37.6 mg, 529 pmol) in CH2Cly (5 ml)
and CH3CN (2 ml) as described for the preparation of
32. The product was purified by repeated column chro-
matography on silica gel (35 g, hexane-~AcOEt=4:1 and
benzene—AcOEt=10:1) to give a colorless syrup: Yield
283 mg (71.1%). [a]E +55° (¢ 0.142, CHCls). Anal.
(C127H102024Cl3P-H20) C, H.

3-0-[2-0-(2,3,4-Tri- O-benzyl-a-p-glucopyranosyl)-
6-[1,2-di- O-palmitoyl-sn-glycero(3)-benzylphospho]-
3,4-di- O-benzyl-a-p-glucopyranosyl]-1,2-di- O-palmi-
toyl-sn-glycerol (34). To a solution of 33 (253 mg,
113 pmol) in acetic acid (6.5 ml) was added Zn powder
(500 mg, 7.65 mmol), and the mixture was stirred at room
temperature for 20 min. AcOEt (50 ml) was added to the
mixture, and insoluble materials were filtered off. The fil-
trate was washed with water, a saturated NaHCOQOj3 solution,
and brine, and worked up as usual to give a syrup: Yield
228 mg (97.9%): [a]d' +46.0° (¢ 1.21, CHCl3); "HNMR
(270 MHz, CDCl3) 6§="7.4—7.05 (30H, m, C¢H;CH3x6),
5.25—5.1 (2H, m, Gro H—2x2), 5.06 (2H, m, CeHsCHa—
OP), 5.05—4.4 (12H, C¢H5CH, x5 and Glc H-1x2), 4.4—
3.82 (11H, Gro(a) H-1, 1’, Gro(b) H-1, 1’, 3, 3', Glc(a)
H-6, 6', and Glc Hx3), 3.82—3.40 (8H, Gro(a) H-3, 3',
Glc(b) H-6, 6', Glc Hx3), 2.4—2.2 (8H, m, OCOCH, x4),
1.8—1.4 (8H, m, OCOCH;CH,x4), 1.4—1.0 (96H, m,
OCOCHQCHQ(Cﬂ2)1QCH3 x4), and 0.88 (12H, t, J=6.7 Hz,
CH3X4). Anal. (0124H191022P°H20) C, H.

3-0-[2- O-(a-p-Glucopyranosyl)-6-[1,2-di- O-palmi-
toyl-sn-glycero(3)-phospho]-a-p-glucopyranosyl]-1,2-
di- O-palmitoyl-sn-glycerol (35). To a solution of per-
benzylated glycolipid 32 (76.6 mg, 35.5 pmol) in THF (6
ml) was added Pd black (126 mg). The mixture was stirred
under 6 kgcm™2 of Hy at room temperature for 4 h. The
catalyst was filtered off and the filtrate was neutralized with
triethylammonium hydrogenecarbonate (1 M in water). The
product was purified by column chromatographies on silica
gel (6 g, CHCl3—MeOH=4:1—1:1) and then on Sephadex
LH-20 (12 mmx25 cm, CHCls3—MeOH=1:1) to give a color-
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less solid: Yield 25.5 mg (47.0%). A part of the product was
desalted to obtain a sample for elemental analysis as follows.
The product (3.1 mg) was dissolved in CHClz-MeOH (1 ml,
4:1). The solution was washed with 0.01 M hydrochloric
acid (1 ml) and water (1 ml). The organic layer was evap-
orated, and the residue was lyophilized from water to give
a white powder: Yield 2.8 mg (87.0%); []& +43° (¢ 0.072,
CHCIl3). FAB-MS (negative). Found: m/z 1522.8. Calcd
for CgoHi155020P: M, 1523.1. Anal. (CgoHi55022P-5H20)
C, H.

The Methyl Ester of Free Glycolipid 35. To a
solution of desalted 35 (9 mg, 6 pmol) in CHCls (10 ml) was
added CH2N; in ether. After evaporation of the solvent, the
residue was purified by silica-gel column chromatography
(800 mg, CHCl3-MeOH=14:1) to give methyl ester 37:
Yield 6 mg (70%); 'HNMR. (400 MHz, CDCl3-CD30D=
5:1) 6=5.26 (1H, m, Gro(b) H-2), 5.23 (1H, m, Gro(a) H-2),
4.99 (1H, d, J=3.5 Hz, Glc(a) H-1), 4.95 (1H, d, J=3.9 Hz,
Glc(b) H-1), 4.43 (1H, dd, J=3.5 and 12.1 Hz, Gro(a) H-1),
4.40—4.34 (2H, m, Gro(b) H-1, 3), 4.27—4.22 (2H, m, Glc(a)
H-6, 6’), 4.21 (1H, Gro(a) H-1'), 4.20—4.14 (2H, m, Gro(b)
H-1', 3'), 3.88 (1H, m, Glc(b) H-5), 3.85 (1H, Glc(b) H-6),
3.83 (1H, dd, J=5 and 11 Hz, Gro(a) H-3), 3.800 (1.5H, d,
8 Jpu=11.2 Hz, OCH3x1/2), 3.796 (1.5H, d, ®Jpu=11.2 Hz,
OCH3x1/2), 3.79 (1H, dd, J=9 and 10 Hz, Glc(a) H-3),
3.71 (1H, Glc(b) H-6'), 3.70 (1H, m, Glc(a) H-5), 3.70 (1H,
Glc(b) H-3), 3.66 (1H, dd, J=5 and 11 Hz, Gro(a) H-3'),
3.59 (1H, dd, J=3.5 and 9.7 Hz, Glc(a) H-2), 3.44 (1H, dd,
J=3.9 and 9.7 Hz, Glc(b) H-2), 3.41 (1H, m, Glc(a) H-4),
3.34 (1H, dd, J=9 and 10 Hz, Glc(b) H-4), 2.4—2.3 (8H, m,
OCOCH, x4), 1.7—1.5 (8H, m, OCOCH;CH, x4), 1.4—1.2
(96H, m, OCOCH;CH2(CH,)12CH3%4), and 0.89 (12H, t,
J=6.9 Hz, CH3x4); '*CNMR (100.4 MHz) §=173.82 (CO),
173.41 (CO), 173.29 (CO), 172.94 (CO), 96.69 (Glc(b) C-1),
96.45 (Glc(a) C-1), 76.45 (Glc(a) C-2), 73.46 (Glc(b) C-3),
72.01 (Gle(b) C-5), 71.75 (Gle(b), C-2), 71.49 (Glc(a) C-3),
70.22 (Gle(a) C-5), 70.13 (Glc(b) C-4), 69.61 (Gro(b) C-2),
69.21 (Gro(a) C-2), 69.05 (Glc(a) C-4), 66.69 (m, Gro(b),
C-3), 65.83 (Gro(a), C-3), 65.36 (Glc(a) C-6), 62.45 (Gro(a),
C-1), 61.49 (Gro(b) C-1, Gle(b) C-6), 54.32 (m, OMe), 33.91
(OCOCH3), 33.80 (OCOCH2), 33.69 (acyl CHz), 31.56 (acyl
CHa), 31.39 (acyl CH>), 29.85 (acyl CHz), 29.32 (acyl CH2),
29.16 (acyl CHz), 28.99 (acyl CHz), 28.78 (acyl CHz), 24.59
(OCOCH:CH3), 24.52 (OCOCH2CH2), 22.29 (acyl CHa),
and 13.55 (CHs).

Isolation and Methyl Esterification of Natural
Glycolipid from Cells of E. hirae. A suspension of wet
cells of E. hirae ATCC 9790 (400 g) in a mixture of CHCl3
(500 ml), MeOH (1 dm?®), and aqueous CH;COONa buffer
(pH 4.7) (500 ml) was stirred at 60—70 °C overnight. The
organic layer from a total 2.2 kg of wet cells was evaporated
to give a mixture of membrane lipids (17.0 g). A part of
the mixture (10.8 g) was then subjected to silica-gel column
chromatography (180 g, CHCl3—MeOH=4:1). The fractions
containing the glycolipid identified with synthetic specimen
35 on silica-gel TLC (CHCls—acetone-MeOH-AcOH-H20=
50:20:10:10:0.5, Ry=0.4) was concentrated to give a syrup
(3.99 g). A part of this fraction (310 mg) was applied
to repeated column chromatography on Sephadex LH-20
(2.6x114 cm, CHCls—-MeOH=1:1) four times to give pure
natural glycolipid 36: Yield 11 mg. Methyl esterification of
36 (9 mg) was carried out in the same manner as described
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in the preparation of 37 to give methyl ester 38: Yield
5 mg (60%); 'HNMR (400 MHz, CDCl3-CD30D=5:1)
6=5.38—5.32 (4H, m, acyl —-CH=CH-), 2.1—1.9 (8H, m,
CH,-CH=CH-CH,), 1.40—1.20 (84H, m, acyl CHz), 0.892
(6H, t, J=6.8 Hz, CH3x2), and 0.888 (6H, t, J=6.8 Hz,
CH3zx2). All the other proton signals were identical to those
of synthetic methyl ester 37.

3- O- [2- O- [6- [3-[3- [3- [2- O- Benzyl- 3- O- (p- meth-

oxybenzyl)- sn~-glycero(1)- benzylphospho]- 2- O-ben-
zyl- sn- glycero(1)- benzylphospho]- 2- O- benzyl- sn-
glycero(1)- benzylphospho]- 2- O- benzyl- sn- glycero-
(1)-benzylphospho]-2,3,4-tri- O-benzyl-a-p-glucopy-
ranosyl]-6-[1,2-di- O-palmitoyl-sn-glycero(3)-benzyl-
phospho]-3,4-di- O-benzyl- a-p-glucopyranosyl]-1,2-
di- O-palmitoyl- sn-glycerol (41). To a mixture of
'34 (38 mg, 18.4 pmol) and 1H-tetrazole (2.2 mg, 31.4
pumol) was added a solution of 3-[3-[3-[3-][2- O-benzyl-3- O-
(p-methoxybenzyl)- sn-glycero(1)- benzylphospho]-2- O-ben-
zyl-sn-glycero(1)-benzylphosphol-2- O-benzyl- sn-glycero(1)-
benzylphospho]- 2- O- benzyl- sn- glycero(1)- benzyloxo(diiso-
propylamido)phosphorus® (39) (45 mg, 29.2 pmol) in
CICH;CH;CI (1 ml) and CH3CN (0.5 ml) under N» at-
mosphere. The mixture was stirred at room tempera-
ture for 90 min. To the mixture was added a solution
of 39 (45 mg, 29.2 pmol) in CICH,CH:Cl (1 ml), and
the mixture was stirred at the same temperature for 16
h. To the mixture was added 80% mCPBA (10 mg,
58.4 pmol) at 0 °C and the mixture was stirred for 10
min, diluted with AcOEt (30 ml), washed with an aque-
ous NaHCO3s solution and brine, and then worked up
as usual. The residue was purified by silica-gel column
chromatography (8 g, benzene-AcOEt=3:1—1:1—1:2)
to give 41 as a syrup: Yield 17.3 mg (26.7%); recovery
of 34: 25 mg (66%); 'HNMR (270 MHz, CDCl3) 6=
7.38—7.0 (72H, m, C¢H;CH2x14 and CH30CsH4+CH; o-
protons), 6.83 (2H, m, CH3OCsH4CH> m-protons), 5.18
(1H, m, Gro of the glycolipid part H-2), 5.08 (1H, m,
Gro of the glycolipid part H-2), 5.06 (2H, m, C¢HsCH>—
OP), 5.0—4.38 (30H, C¢H5CH, x13, CH3OC¢H4CH>, and
Glc H-1x2), 4.36—3.82 (27H, Gro -CH,-OPx8, Gro
—CH,—O-acylx2, Glc H-6, 6'x2, and Glc Hx3), 3.82—
3.38 (13H, MPMOCH;, OCH2CH(OBzl)CH,0x4, Gro(a)
H-3, 3', Glc Hx5), 3.76 (3H, s, CH30), 2.3—2.15 (8H, m,
OCOCH, x4), 1.7—1.4 (8H, m, OCOCH,CH, x4), 1.4—1.1
(96H, m, OCOCH2CH2(CH,)12CH3 x4), and 0.88 (12H, t,
J=6.7 Hz, CHsz x4).

3- O- [2- O- [6- [3- [3- [3- [sn~ Glycero(1)- phospho]-
sn-glycero(1)- phospho]- sn- glycero(1)- phospho]- sn-
glycero(1)-phospho)- a-p-glucopyranosyl]-6-[1,2-di-
O-palmitoyl-sn-glycero(3)-phospho]-a-p-glucopyran-
osyl]-1,2-di- O-palmitoyl-sn-glycerol (2). Catalytic hy-
drogenation of compound 41 (12.0 mg, 3.41 pmol) was car-
ried out with Pd black (30 mg) under Hz (6 kgcm™?) in THF
(2 ml) as described for the preparation of 35. The product
was purified by column chromatography on Sephadex LH-20
(5 mmx10 cm, CHCl3-MeOH 1:1) to give a colorless solid:
Yield 7.1 mg (93%). TLC (CHCls-MeOH-M;0O-EtzN=
50:25:4:10, Merck silica gel 60 Fas4, Art.5554): Re 0.15.
FAB-MS (negative). Found: m/z 2139.2. Caled for
Co4H183042P5: M, 2139.1.

The present work was carried out as part of a col-
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Professor Haruhiko Takada of Kagoshima University.
This work was financially supported in part by a Grant-
in-Aid for Scientific Research from the Ministry of Edu-
cation, Science and Culture and also by Fujisawa Foun-
dation, Ono Phamaceutical Company, and the Tokyo
Institute for Immunopharmacology.
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