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(m, 13 HI, 2.76-2.88 (m, 3 HI, 4.70 (8,  1 HI, 6.29,6.31,6.49,6.51 
(AB q, BrCH-CH), 6.56 (d, 2.5 Hz, 1 H, C(1)H); R = 0.32 
(hexane-ethyl acetate 2:l). Anal. (C&s04Br.2.5H26) C, H. 

Conditions for the Preparation of 6c/&. To a solution of 
3/4 (0.2 mmol) in CCl, (10 mL), stirred a t  -18 OC, was added 
dropwise a solution of I2 in CCL (50 mg in 5 mL). The reaction 
was warmed to ambient temperature and the solvent was removed 
by evaporation. The reaction was worked up as previously de- 
scribed. Purification by column chromatography gave pure 6c/& 
(95%/96%). 

6c: mp 112-115 OC (lit." mp 113-115 OC). 
8c: mp 124-126 "C (lit.21 mp 123-125 "C). 
Competitive Receptor Binding Assay. All cytosol for the 

estrogen receptor were prepared and stored in TEA buffer (0.01 
M Tris.HC1,0.0015 M EDTA, 0.02% sodium azide, pH 7.4 at 25 
"C). Rat uterine cytosol was prepared from Holtman rats (21- 
25-day-old females) and stored in liquid nitrogen. The uterine 

cytosol was prepared and stored as previously described by 
Katzenellenbogen et aLZ The competitive receptor binding assay 
were performed as previously described%= and the results tab- 
ulated as relative binding affinities (RBA) relative to estradiol 
(RBA = 100). 
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The synthesis of a series of novel analogues of lipid A, the lipophilic terminal of lipopolysaccharides (LPS), and 
lipid X, the reducing monosaccharide unit in lipid A, is reported. In these compounds, the native 1-0-phosphate 
group has been replaced by a 'bioisoeteric" CH2COOH substituent. The new N,O-acylated monosaccharide C-glycosides 
were obtained by Wittig reaction of suitably protected glucoeamine derivatives. T h e  lipid X analogues were recognized 
as substrates by the enzyme lipid A synthase and could be coupled with UDP-lipid X to afford the corresponding 
disaccharide analogues of the lipid A precursor on preparative scale. All compounds were characterized by NMR, 
MS, and elemental analysis, and were tested for their ability to enhance nonspecific resistance to infection in mice 
and also for endotoxicity. The results clearly show that the new compounds express biological activities similar 
to those of their 0-phosphorylated natural counterparts. Furthermore, these compounds exhibit a better therapeutic 
index in mouse models than the standard LPS obtained from Salmonella abortus equi. 

Introduction 
Lipopolysaccharides (LPS), also called endotoxins, are 

constituenta of the cell walls of Gram-negative bacteria. 
They cause a wide array of pathophysiological effects and 
are extremely potent immunostimulanh.'+ Structurally, 
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they consist of an essentially linear polysaccharide chain 
anchored to the cell wall by a lipophilic disaccharide, lipid 
A (l), which is a P-(l-+6)-glucosamine disaccharide acy- 
lated with several fatty acids-mostly 3-hydroxy myristic 
acid-and bearing two phosphate groups in positions 1 and 
4' (see Chart I). While the composition of the poly- 
saccharide chains of LPS varies widely among entero- 
bacterial strains, their lipid As differ only slightly. Lipid 
A is responsible for most of the immunopharmacological 
activities of LPS, including the induction of endotoxic 
shock? Due to their toxicity, neither LPS, nor lipid A have 
found clinical applications. 

Numerous compounds, including biosynthetic lipid A 
precursors and analogues related to lipid A partial struc- 
tures have been isolated or synthesized with the aim of 
separating unwanted endotoxic properties from potentially 
beneficial immunostimulatory effects.'*21 Compounds 
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Chart I 
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isolated from chemically manipulated or degraded LPSD 
preparations are prone to contamination by undetectable, 
but still bioactive, traces of LPS fragments, and stand- 
ardization is thus extremely difficult. Consequently, our 
efforts have been directed toward the synthesis of chem- 
ically defined analogues of lipid A and ita partial structures. 

Until recently, the predominant paradigm was that lipid 
X (3), a 2,3-bis(3-hydroxymyistoylated) glucosamine 1- 
phosphate easily synthesized from glucosamine,22 was the 
smallest substructure of lipid A still endowed with some 
of the immunostimulatory properties of LPS,-= while 
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Scheme 11. Preparation of the yMmnoR Producta 
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lacking any endotoxicity. However, we have recently 
demonstrated that the reported immunostimulatory ac- 
tivities of synthetic lipid X in fact resulted from contam- 
ination by small amounts of acylated /3-(l-S)-glucosamine 
disaccharides.m The latter were formed during the last 
synthetic step, the catalytic hydrogenolysis of the benzyl 
protective groups of the 1-phosphate, presumably through 
activation of carbon 1 and condensation with a free hy- 
droxyl in a Koenigs-Knorr type reaction. 
As we have shown, highly purified synthetic lipid X is 

devoid of immunostimulatory activity" but is still able to 
antagonize certain effects of LPS in vitro and protects mice 
against a lethal dose of LPS if administered simultane- 
ously.n After a thorough evaluation of structure-activity 
relationships of highly purified analogues of lipid X, it was 
found that the presence of three long-chain fatty acids per 
molecule is a prerequisite for immunostimulatory activi- 
ty.lSvm Compounds 4 and 5 are characteristic prototypes. 
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Scheme 111. Preparation of the Monosaccharides 
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Scheme IV. Alternative Route to the Monosaccharides 

Chart 11. Abbreviations Used in the Reaction Schemes - 

MylQMyr.0 0- - 
Compound 5 (SDZ MRL 953) shows a markedly increased 
therapeutic window in mice and has therefore been se- 
lected for clinical studies.2gs0 

An important aim of our work was to design analogues 
with improved chemical stability and to avoid the for- 
mation of unwanted disaccharidic artifacts during syn- 
thesis. By replacing the chemically unstable 1-0-phos- 
phate by a "bioisosteric" 1-CH2COOH group we expected 
to retain immunomodulatory properties while eliminating 
the formation of disaccharides by Koenigs-Knorr-like re- 
actions. In addition this opened the route to further de- 
rivatization of position l. 

A key step of lipid A biosynthesis is the coupling of lipid 
X to UDP-lipid X by means of lipid A synthase produced 
by Gram-negative bacteria leading to the 4'-dephospho- 
rylated lipid A precursor 2. This enzyme can be isolated 
from Escherichia coli and can be used for the preparation 
of a variety of artificial lipid A precursor analogues on 
preparative scale.31-s7 The low substrate specificity allows 

(28) Macher. I. EuroDean Pat.  ADD^. EP 309411 A2.890329.1989. 
Lam, C.; %ha&, E.; Hildedriandt, J.; Aschauer, H.; Liehl, E.; 
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1987,260, 15536. 

Scheme V 
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broad structural variation of both the reducing and non- 
reducing sugar moietiesSgbb In the following we report the 
synthesis of C-glycosidic mono- and disaccharide deriva- 
tives of lipid A and the evaluation of their immunosti- 
mulating and endotoxic properties. 

Results 
Chemistry. Preparation of the Monosaccharides. 

The C-glyccsidic monosaccharides were prepared as shown 
in Schemes I-VI (also see Chart 11). Wittig reactionw2 
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3621122 A l ,  870122, 1987. 
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Ziegler, E. J., Eds.; Elsevier: Amsterdam, 1990. 
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259, 4852. 
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36, 1507. 
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1983, 124, C5. 
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dron 1988,44, 7177. 
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Scheme VI. Synthesis of the Disaccharides 

Vyplel et al. 
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17C R-Ac 

24 UDP-uplB( 

of suitably protected glucosamine derivatives 7a-c led to 
the intermediate olefina 9a,b, which upon addition of DBU 
rapidly cyclized, forming the corresponding mono- 
saccharides 10a-d. With a carefully prepared Wittig 
reagent,” 9 could be isolated as a single (trans) isomer or 
cyclized in situ with DBU without purification. If the 
Wittig reagent was not thoroughly washed neutral prior 
to use, in order to remove traces of the base used in the 
preparation of the ylide, the yields were much lower. In 
this case, a byprodud (1 1) with “manno” configuration was 
isolated, probably resulting from a base-catalyzed race- 
mization at the aldehyde stage 8. The anomeric ratio (a$?) 
varied from 4 1  to 32. Separation of the anomeric mixtures 
10a-d and 13a,b depended on the ester used as protective 
group for the carboxylic acid and on the sugar protective 
group. When the benzyl ester of the 4,6-0-benzylidene- 
protected sugar was used, the anomers could not be sep- 
arated chromatographically and repeated crystallization 
ftom methanol was required to obtain only small amounts 
of the pure a-anomer 14a containing less than 5% of the 
8-anomer 14b, which in turn could not be crystallized. 
However, using the allyl in place of the benzyl ester, the 
two anomers could be completely separated by column 
chromatography on silica gel. 

An alternative route is shown in scheme VI. When using 
a benzyl ester and 4,6-O-isopropylidene as protective 
groups (rod), the chromatographic separation of the 
anomeric mixture was easily achieved after acylation (18) 
and acidic cleavage of the 4,6-0-isopropylidene group (19). 
This route gave similar overall yields. The synthesis of 
the MRL 953 analogue 23 is outlined in scheme V. Tri- 
tylation of 19c proceeded smoothly in pyridine using 4-A 
molecular sieve as water scavenger. Subsequent acylation 
followed by detritylation (p-toluenesulfonic acid) and 
hydragenolysis gave 23. All acylations were performed with 
dicyclohexyl carbodiimide and catalytic amounts of 4- 
(dimethy1amino)pyridine. The allyl esters were cleaved 
with chlorotris(triphenylphosphine)rhodium, and the 
benzyl groups were removed by catalytic hydrogenolysis. 
In order to ensure better water solubility all compounds 
to be tested were converted to their Tris salts. For all final 
reaction steps, pyrogen-free water was used for reaction 
and workup. 

Preparation of the Disaccharides. F i a e t ~ ~ l - ~  pfo- 
duced a strain of E. coli (MC 1061/p5r8, A 2515) which 
overproduces lipid A synthase. Extracts of this enzyme 
preparation can be used without extensive purification to 
couple UDP-lipid X (or even its analogues) with mono- 
saccharides. This has provided a tool for the preparation 
of a variety of new, chemically homogeneous derivatives 
of lipid A precursors. In the case of slow-reacting sub- 

(42) Giannie, A.; Sandhoff, K. Carbohydr. Res. 1987, 171, 201. 
(43) Mer, 0.; Gutmann, H.; Montavon, M.; Rtbgg, R.; Ryeer, G.; 

Zeller, P. Helo. Chim. Acta 1917, 40, 1243. 

-FLL(yroH 

strates UDP-lipid X is cleaved by a hydrolase closely re- 
lated to lipid A synthase affording lipid x. Thus, most 
of the UPD-derivative will be consumed and only minute 
amounts of the desired disaccharide are formed. In these 
cases another E. coli strain (JB 1104, A2514), which is 
devoid of this hydrolase activity, though not being an 
overproducer of lipid A synthase, was used with success. 

Coupling of the C-glycosyl monosaccharides with UDP- 
lipid X was performed in normal laboratory glassware. 
After dissolving of the starting compounds in a buffer 
solution, a crude enzyme preparation was added and the 
mixture was incubated at 30 OC. After complete con- 
sumption of the UDP-lipid X (thin-layer Chromatography) 
the product was isolated by a series of chromatographic 
steps. 

Only compounds 17a and 17c gave the desired producte 
25a (50% yield) and 25b (58% yield), respectively, while 
all other compounds did not react. This is in accordance 
with our previous observations on the substrate specificity 
of lipid A synthase.*m In order to achieve an acceptable 
yielcd, position 3 must be O-acylated, but with only one 
fatty acid, and the 4-hydroxy group must be free. Under 
identical reaction conditions (concerning enzyme batch, 
concentrations, temperature, salt and buffer concentration, 
etc.) the phosphorylated natural product 2 was formed 3 
times faster than 25b. 

UDP-lipid X (24) was prepared according to the pro- 
cedure described by RaetzM Due to its instability it was 
used immediately without further purification. For bio- 
logical testing the lysine salts of the disaccharides were 
prepared. 

Biology. Identifying analogues of lipid A or LPS with 
an improved safety margin requires that beneficial and 
detrimental activities of these standards and of the ex- 
perimental compounds are compared in suitable models. 
As a representative efficacy model for immunostimulatory 
activity we used the restoration of host resistance against 
a Pseudomonas aeruginma septicemia in myelmuppressed 
mice92iu*’6 (“nonspecific resistance”, NSR) after ip ad- 
ministration of lipid A analogues. First the survival rate 
was determined in a single dose experiment (12.5 mg/kg) 
followed by the evaluation of the EDw for all compounds 
which induced a survival rate of more than 70%. Since 
endotoxicity cannot be measured easily in normal mice as 
they are rather insensitive to LPS, contrary to other animal 
species, e.g. sheep, the endotoxic potential (LD,) of all 
immunostimulatory active compounds was determined by 
iv treatment of mice which were sensitized to LPS by a 
simultaneous administration of galactosamine.* 

(44) Parant, M. In Beneficial Effects of Endotoxins; Nowotny, A., 
Ed.: Plenum Press: New York. 1983: DD 179-196. 
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G.; Pearson, F. C.; Ribi, E. Infect. Immun. 1986,53,711. 
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Table I. Biological Activities of Lipid A/X Analogues 
NSR (ip)O NSR (ip)b ET shock (iv)' 

survival rate EDm, mg/kg LDw, mg/kg 
3 
4 
5 
13a 
13b 
178 
17b 
17c 
17d 
17e 
23 
2 
25b 
258 
LPS 

0110 
9/10 
10/10 

2/10 

9/10 
1/10 
0110 

10/10 

10/10 

10/10 

4/10 

4/10 

4/10 

8/10 

7/10 

1.7 (1.2-2.4) 
1.1 (0.8-1.4) 

1.8 (0.8-3.2) 

1.1 (0.5-1.7) 
3.4 (2.3-5.0) 
1.5 (1.1-2.1) 

1.9 x 10-3 
(0.5-8.0 X 

0.3 (0.1-0.6) 
0.8 (0.6-1.0) 

0.2 (0.05-0.3) 

1.0 (0.6-1.5) 
3.5 (2.2-6.0) 
~5.2 

2 x 104 
(1-3 X lo4) 

'NSR (nonspecific resistance against a P. aeruginosa (A12) in- 
fection): ip administration of a single dose (12.5 mg/kg) 1 day 
prior to infection, sample size 10 mice. *NSR, ip EDm (confidence 
limits). Endotoxin (ET) shock induction, LD,, iv administration 
of substance + galactosamine (400 mg/kg). 

The combined biological results for all compounds and 
for the standard LPS are given in Table I. The first 
column shows the survival rates of mice after single dose 
ip application of the respective compounds in the mouse 
infection model. The second column contains the EDSO 
values determined for all compounds with a survival rate 
greater than 70%. As is evident from the table, lipid X 
(31, containing only two fatty acids, has no immunosti- 
mulatory activity. On the other hand, both compounds 
4, where the 3-04 (R)-3-hydroxymyristoyl] group is acy- 
lated by an additional myristic acid, and 5, where a third 
0-[ (R)-3-hydroxymyristoyl] group is attached to position 
4, are fully protective in this model. All compounds with 
less than three myristic acids are inactive. Comparison 
of the EDw values of column 2 shows that 5 is slightly more 
active than 4. Replacement of the 1-phosphate by a 
CHzCOOH group led to compounds 17b and 23, which 
show virtually the same activities in the primary screen 
and in the EDbo evaluation as their phosphorylated 
counterparts. The same relationship holds true if one 
compares the endotoxin (ET) shock induction data of 
column 3: again LDM values of the two pairs (4/17b and 
5/23) are nearly identical, although the C-glycosidic ana- 
logue 23 has a slightly better LDw than the corresponding 
compound 5, thus resulting in a slightly better overall 
therapeutic ratio. 

On the other hand, stereochemistry seems to play an 
important role for activity: compound 178, the @-anomer 
of 17b, and the diastereoisomeric compounds 13a,b with 
manno configuration are only marginally active. These 
findings suggest that this region is important for recog- 
nition or binding, although there is no corresponding 8- 
0-phosphate analogue available for comparison as such 
compounds are chemically not stable and the manno-type 
1-phosphate analogues have not been synthesized. 

A similar result can be seen for the disaccharides (2 and 
2Sa,b; see lower par t  of the  table): For instance, in the  
infection model the C-glycosidic analogue 25b is as effec- 
tive as its natural counterpart 2 and exhibits a rather low 
lethal toxicity in the GalN-sensitized mouse model. For 
comparison, LPS is 103 times more potent in the infection 
model but about lo4 times more toxic. 

(47) Finney, D. J. Probit Analysis, 3rd ed.; Cambridge University 
Press: Cambridge, MA, 1971. 

Conclusions 
With regard to biological activity, the anomeric phos- 

phate group, both in the mono- and disaccharide series, 
can be replaced by a C-glycosidic acetic acid function 
without loss of immunostimulatory activity. At least three 
fatty acid residues per molecule appear to be necessary, 
as it was previously observed for 1-phosphorylated com- 
pounds.26in*zs Equally important is the stereochemistry 
at  positions 1 and/or 2 as could be shown for the ,&ana- 
logue 17a and the diastereoisomeric compounds with 
'manno' configuration 13a and 13b, which are all inactive. 
With regard to the endotoxic potential, the C-glycosidic 
analogues do not appear to offer significant advantages 
over the 0-phosphates. The observed differences for the 
two pairs of prototypes are too small for drawing firm 
conclusions. However, both groups have a significantly 
higher therapeutic index in mice when compared to LPS 
from S. abortus equi used as laboratory standard. 

Due to the low substrate specificity of lipid A synthase 
from E.  coli strains, C-glycosidic disaccharide analogues 
of the lipid A precursor 2 can be prepared by enzymatic 
coupling of C-glycosidic "bioisosteric" analogues of lipid 
X with UDP-lipid X. As a prerequisite, the C-glycosidic 
mimic of the reducing sugar part must be acylated at  
positions 2 and 3. 
Experimental Section 

Chemistry. General Procedures. 'H NMR spectra were 
recorded with a Bruker WM-250 Fourier transform, supercon- 
ducting spectrometer at 250 MHz, with 32 scans, sweep width 
of 2.5 kHz, and 16000 data points. Chemical shifts are reported 
in ppm relative to internal Me,Si. All J values are in hertz. The 
abbreviations indicating the multiplicity of the signal are s, singlet; 
d, doublet; t, triplet; q, quartet; m, multiplet, b, broad. A prefix 
of d indicates "doublet OF, e.g., dd = doublet of doublets. Optical 
rotations were determined with a Perkin-Elmer 141 polarimeter 
at 20 "C. Elemental analyses were determined by Dr. J. Zak 
(Mikroanalytisches Laboratorium am Institut for Physikalische 
Chemie, Universitiit Wien) and were within 0.4% of the calculated 
values unless stated otherwise. All mass spectra are fast atom 
bombardment (FAB) spectra. They were recorded on a VG 70-SE 
instrument (VG Analytical) operating at 8 kV accelerating voltage. 
The samples were applied in a thioglycerol/HCl matrix. Analytical 
thin-layer chromatography was performed on silica gel 60 Fm 
glass plates (Merck) with visualization by UV, 12, or vanillin- 
sulfuric acid. Preparative column chromatography was performed 
on Merck-Lichroprep columns (silica gel, 40-63 pm) under 
pressure (-0.2 mPa). Reversed-phase chromatography was done 
on Merck-Lichroprep RP-18 (40-63 pm) material. Solventa were 
AR grade and were used without purification except pyridine used 
for chromatography, which was distilled over KOH. Pyrogen-free 
water was used for all final steps. Unless otherwise noted all 
reagents were obtained from commercial suppliers and were used 
without purification. All evaporations were carried out in vacuo 
with a rotary evaporator. No attempts were made to maximize 
the yields of the synthetic reactions. 

Abbreviations used: DTE = dithioerythritol, EDTA = eth- 
ylenediaminotetraacetic acid, Tris = tris(hydroxymethy1)- 
aminomethane. 
24 (R )-3-(Benzyloxy)tetradecanamido]-2-deoxy-4,6-0 - 

isopropylidene-D-glucopyranose (7b). A mixture of 2-[ (R)- 
3-(benzyloxy)tetradeanamido]-2-deoxy-~-glucose (6a)= (35.8 
72.2 mmol), isopropyl methyl ether (14 mL, 144.4 mmol), 4- 
molecular sieve (64 g) and p-toluenesulfonic acid (200 mg) in dry 
dimethylformamide (640 mL) was stirred a t  room temperature 
for 1 h, then the mixture was filtered and evaporated. Chro- 
matography with toluene-ethyl acetate (gradient from 3:2 to 1:l) 
afforded 32 g (60%) of 7b: TLC R, = 0.7 (chloroform-methanol 
7:l); NMR (CDC13) (a$ ratio = 5:l) 6 7.35 (m, 5 H, Hp&, 6.95 
and 6.68 (2 X d, 1 H, NH (5:1), J N H , ~ ( ~ )  = 6, J N H , ~  ) = 71, 5.0 (t, 
0.83 H, HI(@), J = 4), 4.62 (4.63) and 4.46 (4.47) 4 X AB (511, 

!t 

2 H, PhCHzO, JAB = ll), 4.08 (ddd, 1 H, Hz, J = 6.5,9.5), 1.52 
(1.53) (2 X 8, CHB), 1.42 (1.43) (2 X 8, CH3), 0.88 (t, 3 H, CH3); 
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[aImD +2.7' (c 10, CH2C1J; MS m / e  536 [MH]+, 518 [M - OH]+, 
496 [M - (CHg)ZC]+, 446 [M - benzyl], 181 [M+ - side chains]. 
Anal. C&@O7 (535.73) C, H, N. 
Allyl 6&O-Benzylidene-4-[ (R I-%( benzy1oxy)tetradecan- 

amido]-2f4trideoxy.Dglyco-oct-2-(Z)-enoats (9a). Glucos- 
amine 7a (1.14 g, 1.95 mmol) and [(allyloxy)carbonyl]methyl- 
triphenylphosphonium ylide- (800 mg, 2.22 mmol) in dry ace- 
tonitrile (10 mL) were heated at reflux for 24 h. The solvent was 
then evaporated. Chromatography of the residue with toluene- 
ethyl acetate (21) afforded 360 mg (28%) of a colorless oil: TLC 
R = 0.72 (toluene-ethyl acetate 1:l); NMR (CDC13) 6 7.3 (m, 10 

JNHC = 8.5), 6.02 (dd, 1 H, Hz, J2,4 = 2.5,Jz3 = 16), 5.9 (m, 1 H, 
C H - C d ,  5.37 (8, 1 H, PhCH), 5.25 (m, 2 Ef, W H J ,  5.16 (bm, 

4.0 (m, 1 H, Hd, 3.83 (m, 2 H, H7, CHOBn), 3.5 (m, 2 H, fi4, Ha), 
0.90 (t, 3 H, CH3; [ u l P ~  -8.3O (c 10, CHCld; MS m / e  666 [MH]+, 

Benzyl 4[ (R)-3-(Benzyloxy)tetradadecanamido]-6,8-O-iso- 
propylidene-2,3,4-t14demxy-~-g~yco -0ct-2- (2) -enoate (9b). 
Glucosamine 7b (82 mg, 0.15 mmol) and [(benzyloxy)- 
carbonyl]methyltriphenylphosphonium ylidese (120 mg, 0.3 "01) 
were refluxed overnight in dry benzene (25 mL). The solvent was 
evaporated and the reaidue chromatographed with tolueneethyl 
acetate (3:1), affording 15 mg (15%) of a colorless oil: TLC Rf 
= 0.5 (hexane-ethyl acetate 1:2); NMR (CDC13) 6 7.3 (m, 10 H, 

C&CHZPh), 5.01 (bm, 1 H, H4), 4.58,4.31 (AB, 2 H, PhCH20C, 

10, CHzClz); MS m / e  668 [MH]', 610 [M - acetone]+. Anal. 
CspHs7N08 (667.89) C, H, N. 
Allyl [ 4,6- 0 -benzylidene-t-[ (R )-34 benzy1oxy)tetrade- 

canamido]-2-deoxy-aJ-Dgluoopyranoryl]acetate (loa) was 
fir& prepared by treating 7a (15 g, 26.3 "01) in benzene (1400 
mL) at reflux temperature with unpurified [ (allyloxy)- 
carbonyl]methyltriphenylphaephoNum ylide (19.93 g, 55.3 mmol). 
After 20 h the solvent was evaporated and the residue chroma- 
tographed with tolueneethyl acetate (gradient 31 to 1:l) to yield 
two fractions: 5.85 g (33%) of 10a and 7.68 g (44%) of a white 
solid which was characterized as the 2-epimer product 11 (see 
below). 
loa: TLC Rf = 0.57 (toluene-ethyl acetate 1:l); a:@ ratio = 

41 (according to NMR); NMR (CDClS) 6 NH at  6.62 and 6.43 
(2 X d, 1 H, (411, J M , ~  = 7(a) and 8.5(8)); [a]%D +24.1' (c  10, 

The overall yield could be optimized by using the following 
procedure: 7a (15.3 g, 28.9 mmol) and the rigorously purified 
Wittig reagent (15.5 g, 43.1 mmol) in benzene (1400 mL) were 
stirred for 24 h under reflux. The solvent was evaporated, the 
residue redissolved in dichloromethane (500 mL), and the solution 
treated with DBU (2 mL). After stirring for 1 h the mixture was 
washed with saturated KHS04 solution and evaporated. The 
reaidue waa chromatographed (tolueneethyl acetate 31) providing 
lad (7.64 g, 43%), 14e (1.27 g, 7%), and an impure fraction (a:@ 
21, 1.7 g, 9.5%). This amounts to an overall yield of 59%. 

a-Anomer 14d: TLC R = 0.42 (hexaneethyl acetate 1:l); NMR 
(CDC13) b 7.4 (m, 10 H, If ph), 6.6 (d, 1 H, NH, Jm2 = 7),5.9 (m, 
1 H, CH-C), 5.52 (8, 1 H, PhCH), 5.3 (m, 2 H, b=CH2), 4.76 
(ddd, 1 H, H1, J13 = 6, J1 u 5 5, = 12),4.6 (m, 4 H, PhCH20, 
OCHzC=C), 4.2 (m, 2 ~, Hz, He), 3.84 (m, 1 H, H3), 2.86 (d, 1 

MS m / e  666 [MH]+, 626 [M - allyl]+, 560 [M - PhCH,O], 334 
(M - RCON]. Anal. CBgHUN0.g (665.88) C, H, N. 

8-Anomer 1k. TLC Rf = 0.55 (cyclohexaneethyl acetate 1:l); 
NMR (CDCla) 6 7.4 (m, 10H, Hw), 6.38 (d, 1 H, NH, Jm,, = 8.5), 
5.9 (m, 1 H,CH=C),5.53 (e, 1 H,PhCH), 5.28 (m, 2 H, C=CH2), 
4.62,4.46 (AB, 2 H, PhCHfl, Jm = 10.5),4.58 (m, 2 H, CH,C=C), 
4.28 (ddd, 1 H, b, J b  = 10, Jba = 6),0.88 (t, 3 H, CH3); [ a J m ~  
-26.0' (c 10, CHCla); 6 s  m / e  666 [MH]+, 578 [M - PhCH2]+, 
560 [M - PhCO]'. Anal. CmHuN08 (665.88) C, H, N. 
Benzyl [4,6-0-benzylidene-2-[ (R)-%(benzyloxy)tetrade- 

canamido]-2-deoxy-uJ-~-glucopyranosyl]acetate (lob) was 
prepared as described for loa from glucosamine derivative 7a and 
[(benzyloxy)carbonyl]methyltriphenylphosphonium ylide. After 

d, Hm), 7.0 (dd, 1 H, H3, Ja,4 5.5, JZ,s 16),6.93 (d, 1 H, NH, 

1 H, Hd), 4.64 (at, 2 H, OCHZ+, J = 5, J 
2 H, OCHZPh, JAB 

1.5),4.50,4.51 (AB, 
= IO), 12), 4.25 (dd, 1 H, H,, Jh.7 = 5, J e  

560 [M - PhCHO]'. Anal. C&uN08 (665.88) C, H, N. 

Hph), 6.95 (dd, 1 H, Ha, J34 5.5, J2,3 = 161, 6.92 (d, 1 H, NH, 
Jm4 8), 6.03 (dd, 1 H, kz, Jz,4 = 2.5, Jzj  = 16), 5.18 (s, 2 H, 

JAB = 11.5), 3.9-3.5 (m, 7 H), 0.9 (t, 3 H, CH3); [CT]~D -7.2' (C 

CH2ClZ). 

H, OH, J 3), 0.88 (t, 3 H, CH3); [aImD +22.5' (C 10, CHC13); 

Vyplel et al. 

chromatography (tolueneethyl acetate 1:l) a pale yellow oil was 
obtained in 33% yield which solidified on cooling: TLC Rf = 0.6 
(tolueneethyl acetate 1:l); NMR (CDCl3) indicated an a:@ ratio 
of 32 [according to NH at  6.57 and 6.38 (2 X d, lH,  (3:2), J w , ~  
= 7 and 8.511. 

Separation of anomers was achieved by repeated crystallization 
from methanol affording small amounts of 14a (a-anomer, >95% 
pure) and 14b @-anomer, 21 a:@ mixture, not further separated) 
as white solids. 

a-Anomer 14a: TLC Rf = 0.6 (chloroform-methanol 95:5); 
NMR (CDC13) 6 7.5-7.2 (m, 15 H, Hp&, 6.56 (d, 1 H, NH, J N H ~  
= 7), 5.5 (8,  1 H, PhCH), 5.12 (s, 2 H, PhCHzOC), 4.78 (ddd, 1 
H, Hi, J1.2 J1,1A = 6, J l , l B  = 61, 4.6,4.42 (AB, 2 H, PhCH20, 
Jm = 11.5), 4.2 (dt, 1 H, H2, J ~ , N H  = 7, J = 61, 4.1 = 10, 
(m, 1 H, H d ,  3.8 (m, 1 H, Ha), 3.58 (m, 3% H4, Hs, H d ,  0.88 
(t, 3 H, CH,); [aImD +21.3' (c 10, CHCl,); MS m / e  716 [MH]+, 

(715.9) C, H, N. 
&Anomer 14b TLC R - 0.59 (toluene-ethyl acetate 1:l); 

NMR (CDC13) 6 7.4 (m, 15 4,- HPh), 6.58 and 6.38 (2 X d, (a:@ 1:2), 

(2 X a, (2:1), 2 H, PhCHzO), 4.88 (m, 0.3 H, Hw), 4.6-4.4 (m, 2 
H, PhCH20), 0.87 (t, 3 H, CHd; [ a l m ~  -6.7' (c 10, CHClJ. Anal. 

Benzyl [ 2-acetamido-4,6- 0 -benzylidene-2-deoxy-u~-~- 
glucopyranosyl]acetate (10~) was prepared as anomer mixture 
(a@ ratio 21) from the protected N-acetylglucosamine 7c in 37% 
yield by using the procedure described for loa. Repeated crys- 
tallization from methanol afforded benzyl [2-acetamido-4,6-0- 
benzylidene-2-deoxy-a-~-glucopyranosyl]acetate (14c): TLC R 
= 0.3 (dichloromethane-methanolgl); NMR 6 (CDCl34DaODf 
7.4 (m, 10 H, HPh), 5.53 (a, 1 H, PhCH), 5.17, 5.15 (AB, 2 H, 

= 5),4.17 (dd, 1 H, H2, Jz,l = 6, J2,3 = 10.5), 4.03 (m, 1 H, H%), 
3.8 (dd, 1 H, Ha, J3,2 = 10.5, J3,4 = 91, 1.97 (8,  3 H, CH3); [a] D 
+44.8' (c 10, CHC13-CH30H 9:l); MS m / e  442 [MH]+, 400 [M 
- CHaCO]+, 354 [M - PhCH]+, 336 [M - PhCHO]. Anal. Cu- 
HnN07 (441.49) C, H, N. 
Benzyl [2-[ (R)-3-(Benzyloxy)tetradecanamido]-2-deoxy- 

4,6- 0 4sopropylidene-u~-~glucopyranosyl]acetate (loa). 
Treatment of 7b with [(benzyloxy)carbonyl]methyltriphenyl- 
phosphonium ylide, using the procedure described for loa, af- 
forded after chromatography (tolueneethyl acetate 21) a colorless 
wax in 46% yield as a mixture of anomers (a:@ ratio = 31): TLC 
R = 0.57 (toluene-ethyl acetate 1:l); NMR (CDC13) 6 7.3 (m, 10 d, Hph), 6.58 and 6.38 (2 X d (311, 1 H, NH, JN = 7, 

) = 8), 5.11 ,5.10 (2 X a, 2 H (1:3), PhCH28), 4.72 (ddd, 
%?El6, Jv,2 = 6, JwA = 11.25, J1, l~  = 5), 4.61 (4.60) and 
4.44 (4.43) (2 X AB (1:3), 2 H, PhCH20, JAB = 12),4.16 (m, 1 H, 

668 [MH]+, 610 [M - acetone], 520 [M - (CHJ&O-benzyl]. Anal. 

Allyl [ 4,6- 0 -benzylidene-2-[ (R)-3-(benzyloxy)tetrade- 
canamido]-2-deoxy-aJ-~-mannopyranosyl]acetate ( 1 1) was 
obtained as a byproduct during the preparation of lob TLC R 
= 0.4 (tolueneethyl acetate 1:l); NMR (CDCl,) (1:l mixture of 
anomers) 6 7.45 (m, 10 H, Hn), 7.19 and 7.03 (2 X d, 1 H (l:l), 

CH=C(dy,), 5.3 (m, 2 H, C=CHz), 5.09, 5.02 (2 X s (l:l), 1 H, 
PhCH), 4.6 (m, 5 H, PhCH20, OCH2C=C, HJ, 4.4 (m, 0.5 H, HLe), 
3.88 (m, 1 H, CHO-benzyl), 0.9 (t, 3 H, CH& [a]"OD -7.3O (c 10, 
CH2C1,); MS m / e  666 [MH]+, 560 [M - PhCO], 279. Anal. 

Allyl [ 4,6- 0 -Benzylidene-2-[ ( R  )-3-(benzyloxy)tetrade- 
canamido]-2-deoxy-3-0-[ (R)-3-( tetradecanoy1oxy)tetrade- 
canoyll-D-mannopyranoyl]acetate (12). A solution of 11 (2.66 
g, 4 mmol) in dichloromethane (100 mL) at room temperature 
WBB treated with (R)-3-(tetradecanoyloxy)tetradecanoic acidrs (2.0 
g, 4.4 mmol), dicyclohexylcarbodiimide (910 mg, 4.4 mmol), and 
4-(dimethylamino)pyridine (10 mg). After 20 h the mixture was 
filtered and the solvent evaporated. Chromatography (toluene- 

672,626 [M - PhCH]+, 610 [M - PhCHzO]+. Anal. CuH57N08 

NH, JmZ(elwm) = 6.5, Jma(&.nom) = 8), 5.5 (s,l H, PhCH), 5.12 

CuH67N08 (715.9) C, H, N. 

PhCH20, Jm = 12),4.79 (ddd, 1 H, Hi, J19 = 6, J1,1A 11, J1 ,1~  

Hz), 1.28 (1.29) (2 X (1:3), 3 H, CH3), 1.21 (1.20) (2 X s (1:3), 
3 H, CHd, 0.88 (t, 3 H, CHd; [~]"OD +8.4' (C 10, CHClJ; MS m / e  

C&,N08 (667.89) C, H, N. 

NH, J N H , z ( ~ - ~ ~ ~ )  = 7.5, JNH,Z(B.mom) = 9.51, 6.0-5.8 (m, 1 H, 

CmHBN08 (665.88) C, H, N. 

(48) Kiso, M.; Tanaka, s.; Fujita, M.; Fujishima, Y.; Ogawa, Y.; 
Ishida, H.; Haaegawa, A. Carbohydr. Res. 1987,162, 127. 
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ethyl acetate 2OA) gave 700 mg (16%) of the a-anomer (12a) and 
460 mg (10%) of the &anomer (12b). 

12a: TLC R = 0.48 (toluene-ethyl acetate 41), NMR (CDC13) 
b 7.35 (m, 10 d, Hn), 6.84 (d, 1 H, NH, Jm = 10),5.9 (m, 1 H, 
CH-C), 5.3 (m, 2 H, C=CHz), 5.15 (m, 2 $H3, CHOCO), 4.88 
(8, 1 H,PhCH),4.72 (s,2 H,OCHzPh),4.7 (m, 1 H, Hz),4.62 (m, 
2 H, CHIC<), 4.22 (m, 1 H, Hi), 4.08 (dd, 1 H, H,, Jb,6 = 5, 
Jha. = lo), 3.86 (m, 1 H, CHOBn), 3.43 (dd, 1 H, H6, J5,4 = lo), 

3 X CHd; ["Ir)D -26.7' (c 10, CHCl,); MS m / e  1102 [MH]+, 996 
[M - PhCO]+, 666 [M - MyrOMyrl. Anal. CmHlmNOl1 (1102.6) 
C, H, N. 

12b TLC R = 0.42 (toluene-ethyl acetate l:l), NMR (CDC13) 
6 7.35 (m, 10 d, Hph), 7.1 (d, 1 H, NH, Jm = 9.5), 5.9 (m, 1 H, 
CH=C), 5.32 (m, 2 H, C=CH2), 5.24 (m, 2 A, CHOCO, H3), 4.93 
(8,  1 H, PhCH), 4.7 (s, 2 H, PhCHzO), 4.6 (m, 2 H, CH,C=C), 
4.58 (ddd, 1 H, Hz, J2.m = 9.5,Jz 2-51, 4.4 (dd, 1 
H, Hi, J ~ J A  = 10, Ji IB Jb,h = 10, J ~ , L  
= 5),3.86 (m, 1 H, CHOBn), 3.72 (ddd, 1 H, H5, J6,4 = 10, J6,& 

3.35 (t, 1 H, Hh, J = lo), 3.17 (t, 1 H, H4, J lo), 0.9 (t, 9 H, 

= 3.5, J z l  
5), 4-02 64 1 H, 

= 5, J5.b 
(t, 1 H, H4, J 
CHClS). Anal. Ce7H1mNOli (1102.6) C, H, N. 

lo), 3.46 (dd, 1 H, &, J&e. = 10, Jh,5 = lo), 3.23 
101, 0.9 (t, 9 H, 3 X CH3); [CY]~D -15.0' (C 10, 

[ 2 4  (R )-3-Hydroxytetradecanamido]-2-deoxy-3- 0 -[ (R )- 
3-(tetradecanoyloxy)tetradecanoyl]-a-~-mannopyranosyl]- 
acetic Acid (13a). A solution of 12a (592 mg, 0.54 mmol) in 
refluxing ethanol (50 mL) was treated with chlorotris(tri- 
pheny1phoephine)rhodium (99 mg, 0.1 mmol). After 5 days the 
reaction waa complete ("E) and the solvent was evaporated. The 
crude product was taken up in tetrahydrofuran (100 mL), treated 
with palladium (10% on charcoal), and hydrogenolyzed at  room 
temperature for 24 h. Chromatography (chloroform-methanol- 
acetic acid 141:O.l) afforded 41 mg (9%) of a white solid: TLC 
R = 0.6 (chloroform-methanol-ate~ce.tic acid W81:l); NMR 
(6DC13-CDsOD 1:l) 6 5.23 (at, 1 H, CHOCO), 4.9 (dd, 1 H, H3, 
J33 = 4.0, JS,4 = lo), 4.54 (d, b, 1 H, Hz), 4.14 (m, 1 H, Hi), 3.96 
(m, 1 H, H6), 3.84 (d, 2 H, &), 3.76 (t, 1 H, H4, JlS = lo), 0.9 (t, 
9 H, 3 X CH,); MS m / e  884 [MHl+, 448 [M - MyrOMyr]. Anal. 

[2-[ (R )-3-Hydroxytetradecanamid0]-2-deoxy-3-0-[ (R )- 
3-(tetradecanoyloxy)tetradecanoyl]-8-Dmannopyranosyl]- 
acetic acid (13b) was prepared in 23% yield following the 
procedure described for 13a: TLC R = 0.27 (chloroform-meth- 
anol-wate-cetic acid 8OSA:l); N I d  (CDC13-CDSOD 1:l) 6 5.23 

1 H, H2,Jw = 4.5, Jzl = 4.51, 4.31 (m, 1 H, Hi), 0.9 (t, 9 H, 3 X 
CH,); MS m / e  884 [hlH]+, 448 [M - MyrOMyr]. Anal. Cmo- 

Benzyl [4,6-0 -benzylidene-2-[(R )-3-(benzyloxy)tetrade- 
canamidol-3- 0 -[ (R )-34 benzyloxy)tetradecanoyl]-2-deoxy- 
a-~glucopyranosyl]acetate (Ha)  was prepared from 14a in 
78% yield by using the acylation procedure described for 12a 
(chromatography with toluene-ethyl acetate 41): TLC R, = 0.54 
(toluene-ethyl acetate 4:l); NMR (CDCl3) (contains ca. 5% 8- 
anomer) b 7.3 (m, 20 H, Hph), 6.38 (d, 1 H, NH, J M , ~  = 7.5), 5.45 
(8,  1 H, PhCH), 5.16 (m, 1 H, Hs), 5.1 (8 ,  2 H, PhCHzOCO), 4.8 
(ddd, 1 H, HI, J1,2 = 6.5, J1, lA = 5, J1,le = 6.5), 4.6-4.4 (m, 5 H, 
2 X PhCHzO, Hz), 4.03 (m, 1 H, Ha), 3.8-3.6 (m, 5 H, PhCH20, 

MS m / e  1032 [MH]+, 944 [M - PhCH]+, 926 [944 - HzO], 716 
[M - MyrOBn]+, 698 [716 - H20]. Anal. CMH88N010 (1032.42) 
C, H, N. 

Benzyl [4,6-0-benzylidene-2-[ (R)-3-(benzyloxy)tetrade- 
canamido]-2-deoxy-3-0-[ (R)-3-(tetradecanoyloxy) tetrade- 
canoyl]-a-~glucopyrancnryl]acetate (1Sb) was prepared in 40% 
yield following the procedure described above (chromatography 
with toluene-ethyl acetate 4:l): TLC R = 0.6 (toluene-ethyl 
acetate 41); NMR (CDCl,) 6 7.3 (m, 15 H,km), 5.52 (d, 1 H, NH, 
J N H O  7), 5.48 (s, 1 H, PhCH), 5.2 (m, 4 H, H3, CHOCO, 

4.02 (m, 1 H, &I, 3.82 (dt, i H, CHO, J = 11.5,5), 0.88 (t, 9 H, 

536,308. Anal. C71HloeNOll (1152.66) C, H, N. 
Benzyl [ 2-Acetamido-4,6- 0 -benzylidene-3- 0 -[ (R ) -3- (ben- 

ZY loxy )tetradecanoyl]-2-deoxy-a-~-glucopyranosyl]acetate 
(15c). Acylation was performed as described for 12a: yield 80% 

C&wNOil (884.30) C, H, N. 

(dt, 1 H, CHOCO), 5.0 (dd, 1 H, HS, J33 = 4.5, J3,4 8),4.47 (t, 

HBSNOli (884.30) C, H, N. 

&, H6, H4), 0.88 (t, 6 H, 2 X CH3); [(YImD +20.8' (C 10, CHZCl,); 

PhdHpCO), 4.85 (ddd, 1 H, HI, J1, 6), 4.57, 
4.44 (AB q,2 H, PhCHzO, Jm 12194.37 (dt, 1 H, Hz, JU = 11.5), 

3 X CHd; [ a l r ) ~  +16.3' (C 10, CHzC12); M s  m / e  1152 [m]', 661, 

6.5, J1,1~ = J1,le 
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after chromatography (toluene-ethyl acetate 1:l); TLC R - 0.57 
(toluene-ethyl acetate 1:l); NMR (CDC13) 6 7.3 (m, 15 A,Hpb), 
5.9 (d, 1 H, NH, Jm = 7), 5.49 (8, 1 H, PhCH), 5.2 (m, 1 H, HJ, 
5.16 (d, 2 H, PhCHzdCO, J = 1.2),4.84 (dt, 1 H, Hi, J13 = 6, Jl,u 

(m, 5 H, PhCHzd, H4, H6, H&), 1.81 (8,  3 H, CHsCON), 0.89 (t, 
3 H, CHd; [aImD +31.7' (c 10, CHC13); MS m / e  758 [MH]', 720, 
442 [M - MyrOBn]+. Anal. CUHMNOB (757.97) C, H, N. 

Allyl [4,6-0-Benzylidene-2-[ (R)-3-(benzyloxy)tetrade- 
canamido]-2-deoxyd-O-[ (R)-3-( tetradecanoy1oxy)tetrade- 
canoyll-a-~-glucopyranosyl]acetate (15d). Acylation of 14d 
as described above gave 15d in 80% yield after chromatography 
with toluene-ethyl acetate 6:l: TLC R, = 0.6 (toluene-ethyl 
acetate 41); NMR (CDC13) 6 7.35 (m, 10 H, Hph), 6.54 (d, 1 H, 
NH,Jm3 = 7), 5.85 (m, 1 H,CH=C), 5.51 (8,  1 H,PhCH), 5.25 
(m, 2 H, C=CH2), 5.15 (m, 2 H, CHOCO, Hs), 4.84 (ddd, 1 H, 
Hi, J13 = JLM = 6, J1,lB = 12),4.55 (m, 4 H, PhCH20, OCHzC=C), 

&), 3.84 (dt, 1 H, CHOBn), 0.88 (t, 9 If3 X CHd; [ a l m ~  -18.1' 
(c 10, CHzC1d; MS m / e  1102 [MH]', 994 [M - PhCHzOH]+, 536, 
433,308. Anal. CmHlmNOll (1102.60) C, H, N. 

Allyl [ 4,6- 0 -benzylidened-[ (R)-3-(benzyloxy)tetrade- 
canamid0]-2-deoxy-3- 0 -[ (R )-3- (tet radecanoy loxy ) tetrade- 
canoyl]-~-~glucopyranosyl]acetate (I&) was prepared from 
14e in 53% yield after chromatography with tolueneethyl acetate 
91: TLC R = 0.63 (toluene-ethyl acetate 41); NMR (CDCIS) 
6 7.4 (m, lOk, Hph), 6.16 (d, 1 H, NH, J N H ~  = 9.5),5.9 (m, 1 H, 
C H N ) ,  5.49 (8, 1 H, PhCH), 5.23 (m, 2 H, C=CHz), 5.14 (m, 

6, J1,iB = lo), 4.52, 4.43 (AB 9, 2 H, PhCH20, JAB = ll), 4.4 
(ddd, 1 H, Hz, Jzl = 6, Jz,3 = 6, J Z ~ H  = 7), 4.1 (b, 1 H, &I, 3.7 

4.38 (dt, 1 H, Hz, 52.3 = 11, Jz,l = 6, Jz H = 7),4.2 (dt, b, 1 H, 

1 H, OCOCH), 5.05 (t, 1 H, H3, J = lo), 4.6, 4.43 (AB, 2 H, 
PhCHzO, JAB = 11.5), 4.54 (dt, 2 H, CH2C=C, J = 1.2 and 5.5), 
4.28 (dd, 1 H, Hb, J,,& = 10, Jb,6 = 5),4.08 (4, 1 H, Hz, J ~ M  

3.68 (dt, 1 H, Hi, J12 = 51 1A = 6, J i , l ~  = 10),3.63 (t, 1 H, H4, J 
= Jz,3 = 9.5), 3.83 (m, 1 H, CHOBn), 3.7 (t, 1 H, Hh, J = 9.5), 

= 9.5), 3.44 (ddd, 1 d, H6, d = 5,10),0.88 (t, 9 H, 3 X CHd; [almD 
+13.5' (c  10, CHCl,); MS m / e  1102 [MH]+, 996 [M - Ph - 
CHzO]+, 876, 556, 209. Anal. C~7H1mNOll (1102.6) C, H, N. 

[ 4,6- 0 -Benzylidene-2-[ (R )-3-(benzy1oxy)tetradecan- 
amido]-2-deoxy-3-0-[ (R)-3-(tetradecanoyloxy)tetradecano- 
yl]-a-D-glucopyranosyl]acetic acid (16a) was obtained from 
1Sd by using the procedure described for 13a. Chromatography 
(chloroform-methanol 91) afforded 16a as a white solid in 64% 
yield: TLC R, = 0.6 (chloroform-methanol 7:l); NMR 
(CDC13-CD30D 1:l) 6 7.4 (m, 10 H, Hph), 5.55 (8, 1 H, PhCH), 
5.29 (dd, 1 H, H3, J3,4 = 12, J3,z = lo), 5.17 (m, 1 H, HCOCO), 
4.72 (dt, 1 H, HI, J1,2 = J l , l ~  = 6.5, J l l ~  = 12), 4.54 (8, 2 H, 
PhCHzO), 4.46 (dd, 1 H, Hz, Jz,l = 6.5,JZ.s = 10),4.22 (dd, 1 H, 
Hb, J b h  = 9, Jb.5 = 4), 0.9 (t, 9 H, 3 X CH,); [aImD +16.5' (C 
10, CHd3-CH30H 1:l); MS m / e  1062 [MHl+, 974 [M - PhCHz]+, 
757. Anal. Calcd for CMH1mNO1l (1062.53): C, 72.35; H, 9.77; 
N, 1.32. Found: C, 71.40; H, 8.89; N, 1.06. 

[ 4,6- 0 -Benzylidene-2-[ (R )-3- (benzy1oxy)tet radecan- 
amidol-2-deoxy-3- 0-[ (R)-3-(tetradecanoyloxy)tetradecano- 
yl]-~-~glucopyranosyl]acetic Acid ( 16b). Cleavage of the allyl 
ester 1Se was carried out as described for 13a, affording 16b after 
chromatography (chloroform-methanol 91) in 64% yield: TLC 
R = 0.9 (chloroform-methanol 71); NMR (CDC13-CD30D 1:l) 
6 6.4 (m, 5 H, Hm), 5.52 (8, 1 H, PhCH), 5.2 (m, 2 H, H3, CHOCO), 
4.53 (8, 2 H, PhCHzO), 4.27 (dt, 1 H, Hb, Jb,c = 10, Jb6 = 5), 
4.15 (dd, 1 H, Hz, 52,s = 10, Jz,~ = 3.51, 3.52 (ddd, 1 H, d6, J 6 , b  
= J 5 4  = 5 ,  J6,h = 9.5), 0.9 (t, 9 H, 3 x CH3); [ a I M ~  -27.5' (C 10, 
CHd13); MS m / e  1062 [MH]+, 972 [M - PhCH#, 757. Anal. 
Calcd CMHlOSNOI1 (1062.53): C, 72.35; H, 9.77; N, 1.32. Found 
C, 71.18; H, 8.69; N, 1.01. 

[ 4,6- 0 -Benzylidene-2-[ (R)-3-(benzyloxy)tetradecan- 
amido]-2-deoxy-a-D-glucopyranosy~]acet~c acid (16c) was 
obtained in 15% yield from 14d by using the method described 
for 13a and chromatography with chloroform-methanol 91: TLC 
R, = 0.5 (chloroform-methanol 71); NMR (CDC13) 6 7.5-7.2 (m, 
10 H, HPh), 5.55 (8, 1 H, PhCH), 4.76 (m, 1 H, Hi), 4.54 (8 ,  2 H, 
PhCH,O), 0.80 (t, 3 H, CH,); MS m / e  626 [MH]+, 528 [M - 
PhCO]+. Anal. CSHaNO8 (625.81) C, H, N. 
[2-Deoxy-2-[(R)-3-hydroxytetradecanamido]-3-0-[ (R)-3- 

hydroxytstradecanoyl]-a-~glucopyranosyl]acetic acid ( 17a). 
A solution of 1Sa (2.237 g, 2.17 mmol) and 10% Pd/C (1.0 g) in 
a mixture of tetrahydrofuran-water (101, 440 mL) was hydro- 
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genolyzed at mom temperature for 15 h. The mixture was filtered, 
evaporated, and chromatographed on LH-20 with methanol 
yielding 1.34 g (92%): TLC R = 0.7 (chloroform-methanol- 
water-acetic acid m2555); "ld (CDC13-CD30D 31) 6 5.02 (dd, 
1 H, H,, J3.2 = 8.75, JSb = 9.75), 4.55 (m, 1 H, HJ, 4.23 (dd, 1 
H, Hz, 521 = 5, J u  8-75], 4.0-3.6 (m, 6 H, 2 X CHOH, &, &, 
1:l); MS m/e 674 [MH]', 592,520,449 [M - MyrOHl+, 209. Anal. 
CS&7NOlo (673.94) C, H, N. 
[2-Deoxy-2-[ (R)-3-hydroxytetradecanamidoI-3-0 -[ (R )- 

3 4  tetradecanoyloxy ) tet radecanoyll-u-D-glucopyranosyl]- 
acetic Acid (17b). Hydrogenolysis of 15b and 16a and purifi- 
cation were carried out as described for 17a, affording 17b in 92% 
yield: TLC R = 0.35 (chloroform-methanol-water-acetic acid 

5.02 (dd, 1 H, H3, J3,2 = 9, J3 = 8),4.6 (ddd, 1 H, Hi, J12 = J1,u 
lo), 4.22 (dd, 1 8, H2, J1,2 =: 5, J2,3 = 91, 3.95 (m, 1 

H, CHOH), 3.8-3.62 (m, 3 H, &, HL, Hs), 3.60 (t, 1 H, H4, J4,5 

CHC13-CH30H 1:l); MS m/e 884 [MH]+, 448 [M - MyrOMyr]+. 
Anal. C&s3NO11 (884.30) C, H, N. 

[2-Acetamido-2-deoxy-2-[ (R )-3-hydroxytetradecan- 
ddo]-a-~glucopyranosyl]acetic Acid (17c). Hydrogenolysis 
of 15c and purification were performed as described for 17a, 
yielding 17c in 88% yield TLC R = 0.5 (chloroform-metha- 
nol-water-acetic acid m2555);  N h  (CDC13-CD30D 31) 6 5.0 
(dd, 1 H, Ha, J 3 4  9),4.54 (dt, 1 H, HI, J1,2 = J I , ~ A  = 
5, J1,1B 9.5), 4.23 (dd, 1 H, H2, J1,2 = 5, J2,3 = 9), 4.0 (m, 1 H, 
CHOH), 3.9-3.6 (m, 4 H, &, H6, &, IC), 1.96 (s,3 H, CHSCON), 
0.88 (t, 3 H, CHJ; MS m/e 490 [MH]+, 440 [M - CH,CO]+, 264 
[M - MyrOH]+, 246 [264 - H20], 204 [246 - CH3CO]. Anal. 

[2-Deoxy-2-[ (R )-3-hydroxytetradecanamido]-a-~-gluco- 
pyranoayllacetic Acid (17d). Hydrogenolysis of 15b and 16a 
and purification were performed as described for 17a, yielding 
17d in 92% yield TLC R = 0.27 (chloroform-methanol- 
wateracetic acid 80:2555); N h  (CDC13-CD30D 1:l) 6 3.95 (m, 

(c 10, CHC13-CH30H 1:l); MS m/e 470 [MNa]+, 448 [MH]+, 222 
[MH - MyrOH]. Anal. CaHllN08 (447.57) C, H, N. 
[2-Deoxy-2-[ (R)-3-hydroxytetradecanamido1-3- 0 -[ (R)- 

3- (tetradecanoyloxy)tetradecanoyl]-B-Dglucopyranosyl]- 
acetic acid (178) was prepared by hydrogenolysis of 16b as 
described above in 62% yield: TLC R = 0.23 (chloroform- 
methanol-water-acetic acid 80:81:1); NMk (CDC13-CD30D 1:l) 
6 5.19 (m, 1 H, CHOCO), 4.96 (dd, 1 H, H3, JE = 10.5, J3,, = 9.5), 
4.0-3.5 (m, 7 H, H1, H2, HI, H,, Ha, Hg., C OH), 0.89 (t, 9 H, 
3 X CH,); [alaOD -12.4' (c 10, CHC13-CH30H 1:l); MS m/e 884.5 
[MH]+, 448 [M - MyrOMyr]. Anal. CsoHe3NOll (884.30) C, H, 
N. 
Benzyl [2-[ (R)-3-(Benzyloxy)tetradecanamido]-2-deoxy- 

4,6-O-ieopropylidene-3-0 -[ (R)-3-(tetradecanoyloxy)tetra- 
decanoyll-a,@-D-glucopyranoeyl]acetate (18a). A sample of 
10d (6.68 g, 10 mmol) was acylated with (R)-3-(tetradecanoyl- 
0xy)tetradecanoic acid as described for the preparation of com- 
pounds 15. Chromatography with toluene-ethyl acetate 91 af- 
forded 7.96 g (72%) of a white solid. TLC R, = 0.6 (toluene-ethyl 
acetate 91); NMR (CDCla) 6 7.3 (m, 10 H, Hph), 6.42 and 6.11 

HCOCO), 5.08 (s,2 H, PhCH20), 495 (dd, 1 H, H3, 53.2 = 11, J3,4 
= 9), 4.8 (m, 0.8 H, Hlu), 4.56 and 4.44 (AB q, 2 H, PhCH20, JAB 
= 12), 4.31 (m, 1 H, H2), 3.8 (dt, 1 H, CHOBn), 1.45 (s,3 H, CH3), 

CH2C12); MS m/e 1104 [MH]+, 1046,996 [M - PhCH20]+, 209. 
Anal. CO7HlOBNOl1 (1104.62) C, H, N. 
Benzyl [2-[(R)-3-(benzyloxy)tetradecanamido]-3-0- 

[ (R )-3-(benzyloxy)tetradecanoyl]-2-deoxy-4,6- 0 -iso- 
propylidene-u,@-Dglucpyranoeyl]acetate (18b) wa8 prepared 
by acylation of 10d (9.0 g, 13.5 mmol) with (R)-3-(benzyloxy)- 
tetradecanoic acide using the procedure described above. 
Chromatography with toluene-ethyl acetate (21) gave 12.16 g 
(92%) of a white solid: TLC R, = 0.5 (toluene-ethyl acetate 1:l); 

HS, HJ, 0.88 (t, 6 H, 2 X CHJ; [(rlaOD +15.3' (C 10, CHC13-CHSOH 

80:81:1); NMh (CDCl s-CD30D 1:l) 6 5.42 (dt, 1 H, CHOCO), 

5, J1,1B 

= 9), 0.89 (t, 9 H, 3 X CH3); [ u ] ~ D  (Tris salt) +13.8' (C IO, 

7, J3.2 

CuHaNOg (489.61) C, H, N. 

2 H, H2, HCHO), 3.8 (m, 2 H), 0.89 (t, 3 H, CH3); [ a I m ~  +21.9' 

(2 X d, 1 H (a@ 5~11, = 7.25, & ~ 2 ( p )  lo), 5.15 (m, 1 H, 

1.35 (8,  3 H, CH3), 0.89 (t, 9 H, 3 X CH3); [ C Y ] ~ D  +10.1' (C 10, 

Vyplel et al. 

NMR (CDCld (5:l mixture of anomers) 6 7.3 (m, 15 H, H A ,  6.33, 

5.08 (s,2 H, PhCH2CO), 5.0 (3 1 H, H3, J = 11.25, J3,4 = 3.51, 
4.75 (m, 0.8 H, H1&, 4.6-4.3 (m, 5 H, 2 xyhCH2, HJ, 1.4 and 

CH2Clz-CH30H 51). Anal. C&&lO1o (984.38) C, H, N. 
Benzyl [2-[ (R)-3-(Benzyloxy)tetradecanamido]-2-deoxy- 

3- 0 -[(R)-3-(tetradecanoyloxy)tetradecanoy~]-D-g~uco- 
pyranosyllacetate (19a and 19b). The anomeric mixture 18a 
(7.96 g, 7.2 mmol) in dichloromethane (750 mL) at  ambient 
temperature was treated with p-toluenesulfonic acid (1.0 g). After 
1 h the solvent was evaporated and the residue chromatographed 
with toluene-ethyl acetate (gradient from 41 to 1:l) to afford 5.55 
g (72%) of the a-anomer 19a as a white solid and 682 mg (9%) 
of the &anomer 19b as a white solid. 

u-Anomer 19a: TLC R - 0.56 (toluene-ethyl acetate 1:l); 
NMR (CDC13 6 7.3 (m, 10 f-I:Hph), 6.81 (d, 1 H, NH, Jm2 = 8), 
5.2 (m, 3 H, HCOCO, PhCH20CO), 4.84 (dd, 1 H, Ha, J3.2 = 9, 

2 fi, PhCH20, JAB = 11h4.17 (dt, 1 H, H2, JZ1 = 5, JU = 8h0.88 

[MH]+, 957 [M - PhCH20]+, 836, 610, 520, 209. Anal. (2%- 

&Anomer 19b TLC R = 0.5 (toluene-ethyl acetate 1:l); NMR 
(CDClJ 6 7.3 (m, 10 H, kph), 6.24 (d, 1 H, NH, JNH = 9.5), 5.1 
(m, 1 H, CHOCO), 5.18 (s, 2 H, PhCH2CO), 4.78 ( id ,  1 H, Ha, 

-8.0' (c 10, CH2Ct); MS m/e 1064 [MH]+, 974, 956 [M - 
PhCH20]+, 838,746,610,520. Anal. CMHlwNOl1 (1064.49) C, 
H, N. 
Benzyl [2-[ (R)-3-(Benzyloxy)tetradecanamid0]-3-0 - 

[ (R )-3-( benzyloxy)t~tradecanoyl]-2-deoxy-~-gluco- 
pyranosyllacetate (19c and 19d). The anomeric mixture 18b 
(12.16 g, 12.35 mmol) was deprotected as described for 19a,b. 
Chromatography with toluene-ethyl acetate 7:4 afforded 7.11 g 
(61%) of the a-anomer 19c as a white solid followed by 1.98 g 
(17%) of the &anomer 19d (white solid). 

a-Anomer 19c: TLC R - 0.49 (toluene-ethyl acetate 1:l); 
NMR (CDClJ 6 7.3 (m, 15 f-I:Hph), 6.78 (d, 1 H, NH, J w a  = 9), 

J3, = 7, Jg,* = 7.5), 4.53 (m, 5 H, 2 X PhCH20, Hd, 4.17 (ddd, 

10, CHCl,); MS m/e 944 [MH]+, 854 [M - PhCH#, 610 [M - 
MyrOBn]+, 628 [M - MyrOBn at p 21,520. Anal. C57H&JO10 
(944.31) C, H, N. 

/3-Anomer 19d: TLC R = 0.24 (toluene-ethyl acetate 1:l); 

5.09 (s,2 H, PhCH20CO), 4.57 and 4.40 (AB, 2 H, P h a 2 O ,  JAB 

6 H, 2 X CH,); [alaOD -21.7' (c 10, CHCl,); MS m / s  944 [MH]+, 
854 [M - Bn], 628 [M - MyrOBn], 610 [628 - H20], 520 [628 - 
Bn - H20]. Anal. CI,HuNO1O (944.3) C, H, N. 

Benzyl [ 2-[ (R )-3-(Benzyloxy)tetradecanamido]-3- 0 - 
[ (R)-3-(benzyloxy)tetradecanoyl]-2-deoxy-6- 0-(triphenyl- 
methyl)-a-~-glucopyranosyl]acetate (20). A solution of 19c 
(1.79 g, 1.9 "01) in dry pyridine (50 mL) at ambient temperature 
was treated with chlorotriphenylmethane (1.06 g, 3.8 mmol) and 
molecular sieve (4 A, 10.0 8). The mixture was stirred for 20 h, 
filtered, and evaporated. The residue was chromatographed 
(toluene-ethyl acetate Rl),  giving 1.49 g (66%) of a white solid 
TLC R, = 0.49 (toluene-ethyl acetate 41); NMR (CDClJ 6 7.4-7.2 

4.63 (ddd, 1 H, HI, J1.2 = J1,1A = 5, J1.1~ = ll), 4.5 (m, 4 H, 2 X 

(m, 2 H, HB., Hb), 0.88 (t, 6 H, 2 X CH3); [ a ] % ~  +22.7' (c 10, 
CH2C12); MS m / e  1186 [MH]+, 944 [M - Ph3C]+, 926 [M - 
Ph3CO]+, 836 [926 - PhCH20]+, 610, 333, 243 [trityl]. Anal. 

Benzyl [2-[(R)-3-(benzyloxy)tetradecanamido]-2-deoxy- 
3,4-0 -bis[ (R )-3-(benzyloxy)tetradecanoyl]-6-0 -(hi- 
phenylmethy1)-a-~glucopyranoeyl]acetate (21) was prepared 
by acylation of 20 (1.38 g, 1.16 mmol) with (R)-3-(benzyloxy)- 
tetradecanoic acid as described for compounds 15. Chromatog- 
raphy with cyclohexane-ethyl acetate (61) gave 700 mg (40%) 

6.06 (2 X d (51), 1 H, NH, J = 7.25, Jm~(~.nom) = 101, 

1.3 (2 X 9, 2 X CH3), 0.88 (t, 6 H, 2 X CH3); [ c ~ ] ~ D  +23.6' (C IO, 

J3 8),4.65 (dt, 1 H, Hi, J13 J1,u = 5, J1.1~ 111, 4.52 (AB, 

(t, 9 H, 3 X CH,); [ C X ] ~ D  +17.8' (C 10, CHzCl2); MS m/e 1064 

HlwNOll (1064.49) C, H, N. 

J2,3 = 10, J3.4 = 9), 4.57,4.42 (AB, 2 H, PhCH20, JAB = ll), 3.96 
(9, 1 H, H2,J21= J = Jm = 9.5), 0.88 (t, 9 H, 3 X CHJ; [a]2"D 

5.13, 5.07 (AB, 2 H, PhCHPOCO, JAB = 5.5), 4.86 (dd, 1 H, H3, 

1 k, H2, J = 8, J = 5),  0.88 (t, 6 H, 2 X CHJ; [CY] D +13.4' (C 

NMR (CDC13) 6 7.3 (m, 15 k, H ph), 6.14 (d, 1 H, NH, J 

= ll), 4.51 (8, 2 H, PhCHZO), 3.96 (9, 1 H, Hz, J 

= 9.51, 

9),0.89 (t, 

(m, 30 H, Hph), 6.46 (d, 1 H, NH, JNH,~ = 7.51, 5.07, 5.0 (AB, 2 
H, PhCHZOCO, JAB = 3), 4.91 (dd, 1 H, H3, J 3 3  = 10, J3,4 7.5), 

PhCHzO), 4.25 (ddd, 1 H, HZ, J2m 7.5, J23 = 10,521 = 5), 3.23 

C,sHwNOlo (1186.64) C, H, N. 

(49) Inage, M.; Chaki, H.; Imoto, M.; Shimamoto, T.; Kuaumoto, S.; 
Shiba, T. Tetrahedron Lett. 1983, 2011. 
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of a white solid. TLC Rf = 0.85 (toluen-thy1 acetate 41); NMR 
(CDCl,) 6 7.3 (m, 35 H, Hph), 6.68 (d, 1 H, NH, JM,~ '=  9.5),5.08 
and 4.98 (AB q, 1 H, PhCH,OCO, JAB = 12), 4.95 (m, 2 H, H,, 
H4), 4.45 (m, 7 H, H1, 3 x PhCH,O), 4.22 (m, 1 H, H2), 4.0 (m, 

m / e  1501 [MI+, 1395 [M - PhCH20H]+, 1260 [M - Ph3C]+, 1243 
[M - Ph&O]+, 1160,926,243 [trityl]. Anal. GH131NO12 (1503.13) 
C, H, N. 

Benzyl [2-[ (R)-3-(Benzyloxy)tetradecanamido]-2-deoxy- 
3,4- 0 -bis[ (R )-3- (ben zyloxy )tetradecanoyl]-a-~-gluco- 
pyranosyllacetate (22). Trityl ether 21 (700 mg, 0.47 mmol) 
in dichloromethane (30 mL) at room temperature was treated with 
p-toluenesulfonic acid (20 me). After 18 h the mixture was 
evaporated and chromatographed (toluene-ethyl acetate 91)  to 
afford 460 mg (78%) of a white solid: TLC R = 0.48 (toluene- 
ethyl acetate 41); NMR (CDC13) 7.3 (m, 20, kph) ,  6.92 (d, 1 H, 

(t, 1 H, H ,  J = 4), 4.66 (dd, 1 H, H4, J = 3, J = 4), 4.47 (m, 7 
H, 3 X PhCH20, Hl), 4.2-4.05 (m, 2 H, He), 0.89 (t, 9 H, 3 X CH,); 
[alPD +1.3" (c 10, CH&12); MS m / e  1260 [MH]+, 1170,1152,1062, 
926,836. Anal. CBeHl17N012 (1260.80) C, H, N. 

[2-Deoxy-3,4- 0 -bis[ (R )-3-hydroxytetradecanoyll-2- 
[ (R)-3-hydroxytetradecanamido]-u-~-glucopyranosyl]a~tic 
acid (23) was obtained by catalytic hydrogenolysis of 22 (1.22 
g, 0.97 mmol) as described for compounds 19. Crystallization of 
the crude product (980 mg) from methanol afforded 620 mg (71%) 
of a white waxy solid: mp 150-151 "C; TLC Rf = 0.26 (chloro- 
form-methanol-water-acetic acid 80:8:1:1; NMR (CDC13-CD30D 

J = 6.5), 4.6 (m, 1 H, Hl), 4.3 (dd, 1 H, H2, 52.3 = 7.5, J2,1 = 4.5), 

MS m / e  900 [MH]+, 674 [M - MyrOH]+, 658 [M - MyrOH - 
NH]+. Anal. CWH9,NO12 (900.30) C, H, N. 

Preparation of the Disaccharides. Preparation of the 
Buffer Solutions Used. One liter of buffer solution A contained 
Tris Hydrochloride (12.1 g, 100 mmol), NaCl(234 g, 4000 mmol), 
ethylenediaminetetraacetic acid (EDTA; 750 mg, 2 mmol), di- 
thioerythritol (DTE) (308 mg, 2 mmol), Triton X-100 (5 mL, 
0.5%), set to pH 7 with HCl. 

One liter of buffer solution B contained Tris hydrochloride (1.21 
g, 10 mmol), EDTA (7.44 mg, 0.2 mmol), DTE (30.8 mg, 0.2 mmol), 
pH 7. 

Preparation of Lipid A Synthase. Fermentation broth was 
inoculated in a 55L Giovanola 70C fermenter (medium: LB broth, 
1% tryptone, 0.5% yeast extract, 1% NaCl, 1% fructose, 50 mM 
phosphate buffer (pH 7), 50 mg/L ampicillin, 0.1 mL/L Glanapon 
2000) at 30 "C with 2% of a culture of E. coli JB1104 (A2514) 
grown overnight in the LB broth. The fermentation was per- 
formed with the following parameters: starting OD57s = 0.095, 
stirring 1000 rpm, air rate 40 L/min, p02 = 40% of saturation, 
temperature 30 "C. The pH was not regulated and decreased to 
6.6. After 3 h of fermentation (ODS76 = 0.70) 10 g/L fructose and 
5 g/L arabinose were added at  once. Subsequently 270 mL/h 
of a solution of 187.5 g/L arabinose and 137.5 g/L fructose was 
added continuously for 12 h (end OD576 = 6.40). The cells were 
harvested by centrifugation (850Og/10 min), washed, resuspended 
in buffer solution B, and disrupted by ultrasonication (-100 W/5 
min). After centrifugation (3oooOg/4 "C/20 min) and ultracen- 
trifugation (lOOOOOg/4 OC/90 min), a fractionated (NH4)2S04 
precipitation followed. Finally, the pellets of 0-20% and 2040% 
(NH4)2S04 saturation were discarded, and the pellet of the 70% 
(NH4)aOd saturation was resuspended in buffer solution B. This 
enzyme preparation was ready to use and could be stored at -20 
"C for several months without losing catalytic activity. 
[2-Deoxy-2-acetamido-6-[2'-deoxy-2'-[ (R )-2'-hydroxy- 

tetradecanamidol-3'- 0 -[ (R )-hydroxytetradecanoyl]-a-D- 
glucopyranosyl]-3-[ (R )-3-hydroxytetradecanoyl]-u-~- 
glucopyranosyl]acetic acid (26a) was prepared by using the 
procedure outlined below for 26b: yield 50%, TLC Rf = 0.75 
(chloroform-methanol-acetic acid-water 25:15:2:4), NMR (free 

1 H, Hs), 0.89 (t, 9 H, 3 X CH3); [ C Y ] ~ D  +6.5" (C 10, CHpC12); MS 

NH, Jw,p = lo), 5.17,5.09 (AB, 2 H, PhCH2OC0, Jm 6), 4.92 

1:l) 6 5.15 (dd, 1 H, H3, J3,2 = 7.5, J3,4 = 6.5), 4.96 (t, 1 H, H4, 

0.90 (t, 9 H, 3 X CH3); [ C Y ] ~ D  +9.8" (C 10, CHCl3-CH30H 1:l); 
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acid) (CDC13-CD30D 3:l) 6 4.97 (t, 2 H, H3, H3J, 4.60 (d, 1 H, 
HJ, 4.55 (m, 1 H, Hl), 4.25 (dd, 1 H, Hz), 3.6 (bq, 2 H, H4, Hv), 
2.8-2.2 (m, 8 H, 4H2CO-), 1.96 (s ,3  H, CH3CON), 0.89 (t, 9 H, 
3 x CH,); MS m / e  1103 [MH]+, 614 base peak [M - C-glycosidic 
sugar]. Anal. C ~ H l ~ N 2 0 1 7  (1103.49) C, H, N. 
[2-Deoxy-6-[2'-deoxy-2'-[ (R ) -3-hydroxytetradecan-  

amidol-3'- 0 - [ (R )-hydroxytetradecanoyll-a-~-gluco- 
py ranos y ll-2- [ (R ) -3- hydroxytetradecanamidol-3- 0 - [ (R ) -3- 
hydroxytetradecanoyll-a-D-glucopyranosyl]acetic Acid 
(25b). A solution of 17a (200 mg, 0.252 mmol) and UDP-2- 
deoxy-3-0- [ 3(R)-hydroxytetradecanoyl]-2- [ 3(R)-hydroxy- 
tetradecanoylamido]-~~-~-glucopyranose (265 mg, 0.252 "01) in 
buffer solution B (100 mL) was diluted with buffer solution A 
(50 mL) and then treated with the lipid A synthase preparation 
(100 mL). The mixture was incubated at  30 "C. After 6 days 
the reaction was complete (TLC). For workup and purification 
the following chromatography procedure proved to be the most 
efficient: RP-18 silica gel (50 g) was washed with freshly distilled 
pyridine. Pyridine (250 mL) and the reaction mixture were added 
under cooling slowly in that order. The mixture was degassed 
by careful, slight evacuation (foaming!) and shaken for 15 min. 
More RP-18 (50 g) was washed with pyridine and used as column 
filling. The RP-lB/reaction mixture suspension was added 
subsequently to the column and eluated with a pyridine-acetic 
acid-water mixture (gradient 391:60 to 701:29, to wash out the 
salts, and then to 98:1:1, where the disaccharide was eluted). The 
combined product containing fractions were freeze-dried and the 
procedure repeated (gradient 70129 to 98l:l). Finally the residue 
was suspended in ether and filtered and the filtrate evaporated 
under vacuum, affording 190 mg (58.5 %) of a white solid. In 
order to prepare the lysine salt the residue was suspended in 
pyrogen-free water (100 mL) and an equimolar amount of L-lysine 
(free base) was added as a 100 mM solution in water. Freeze- 
drying afforded the mono(L-lysine) salt of the disaccharide. TLC 
R = 0.67 (chloroform-methanol-acetic acid-water 25:15:2:4); 
IdMR (free acid) of (CDC13-CD30D 3:l) 5.08-4.92 (m, 2 H, H3, 
H33, 4.59 (d, 1 H, H1J, 4.55 (m, 1 H, HJ, 4.25 (ddd, 1 H, H2), 
4.1-3.7 (m, 11 H), 3.59 (bq, 1 H, H,, H43, 2.8-2.12 (m, 10 H, 
-CH2CO-), 0.87 (t, 12 H, 4 X CH,); MS m / e  1287 [MH]+, 1061 
[M - 1 fatty acid], 835 [M - 2 fatty acids], 614 base peak [M - 
C-glycosidic sugar]. Anal. C70H130N201B (1287.80) C, H, N. 

Biology. Enhancement of Nonspecific resistance (NSR) 
was evaluated by treating BeD2Fl mice subcutaneously with cy- 
clophosphamide (Endoxan) (200 mg/kg) 4 days before infection 
(day -4). On day -1, the test groups were treated intraperitoneally 
with the test compounds (12.5 mg/kg) and one group was treated 
intraperitoneally with LPS (S. abortus equi, Sigma Chemical Co., 
250 mg/kg) to be used as control. Finally, the mice were infected 
on day 0 by intravenous inoculation with P. aeruginosa (A12), 
inoculum = 6 X 10 cfu (LD,). The table shows the survival rate 
after an observation period of 4 days. The buffer-treated and 
infected control mice usually died within 48 h after infection. For 
compounds inducing a high survival rate the EDso was determined 
and calculated using P r ~ b i t ' ~  analysis. 

Endotoxin (ET) Shock Induction. Lethal toxicity in ga- 
lactosamine sensitized mice was tested by the method of gala no^.^ 
Serial dilutions of test compounds were administered iv to groups 
of six mice (C57BL/6) via the tail vein in pyrogen-free saline 
solution (total volume administered 0.2 mL). Simultaneously, 
galactosamine (400 mg/ kg) was administered intraperitoneally 
to each mouse. The LD, was calculated from the survivors 1 day 
later using P r ~ b i t ' ~  analysis. 
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