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Abstract

New 2/2-type surfactants were synthesized from 1,2-di-O-alkyl-4-O-benzyl-I=threitols and
1,3-di-O-alkyl-4-O-benzyl-Whreitols. Their transformation into trifluoromethanesulfonates
and then reaction with 2,3:5,6-di-O-isopropylidene-D-mannofuranose gave, via anomeric
O-alkylation, predominantly @D-mannofuranosides of erythritol. Hydrogenolytic O-deben-
zylation furnished the 4-O-deprotected derivatives which, on reaction with sulfur trioxide–tri-
methylamine and then hydrolytic removal of the O-isopropylidene groups, afforded 2/2-type
surfactants having a mannofuranose and a sulfate residue as head groups. The 4-O-depro-
tected derivatives were also transformed into the corresponding 4-tosylates and the 4-iodides
as alkylating agents. Their reaction with tetraethylene glycol, diethyl malonate, and diethyl
iminodiacetate and then removal of the protective groups furnished 2/2-type surfactants
having a mannofuranose residue and a tetraethylene glycol, or a malonate, or an iminodiac-
etate residue, respectively, as head groups. Surface tension and critical micelle concentration
measurements with these compounds exhibited interesting arnphiphilic properties. O 1997
Elsevier Science Ltd.
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1. Introduction

Ionic and non-ionic surfactants generally possess
one hydrophilic head group and one lipophilic tail.
Long-chain alkyl glycosides possessing one hy-
drophilicsugar residue and one lipophilic alkyl chain,
for example octyl @-glucopyranoside, have also
gained wide interest as non-ionic surfactants and
have become commercially available [1-3]. Of par-

: Correspondingauthor.
Anomeric O-Alkylation,Part 16. For Part 15, see ref.

[8].

ticular importance are the structurally related alkyl
polyglucosides (general abbreviation: APG) which
are now produced on a large scale [3–5].

Investigations aiming at the structure dependence
of surfactant properties led us to the synthesis and
evaluation not only of amphiphilic compounds con-
taining one hydrophilic head group and one lipophilic
alkyl chain (termed l/1-type surfactants) [5,6], but
also of those possessing other hydrophilic head
group/lipophilic tail ratios, for instance, 1/2- [6],
2/1- [6–8], and 2\2-type [6] surfactants. Here we
report on new 2/2-type surfactants which are based
on threitols of the general structure A and B (Scheme
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1) and which combine, in the hydrophilic head, a
sugar residue and other typical head groups employed
for non-ionic as well as for ionic surfactants. The
D-mannofuranosyl residue was chosen as the sugar,
because it can be readily attached via anomeric O-al-
kylation [7-10].

2. Results and discussion

For the synthesis of surfactants of structure A
(Scheme 1), the required erythritol moiety 10 having
1,2-O-alkyl chains, a 3-O-glycosyl residue, and vari-
ous other hydrophilic groups at O-4 was obtained
from L-ascorbic acid (Scheme 2). L-Ascorbic acid
was transformed, following a known procedure [11],
into the methyl L-threonate derivative 1. Reaction
with methoxyethoxymethyl chloride (MEM-C1) in the
presence of Hiinig’s base afforded the 2-O-MEM
protected derivative 2. Reduction of the ester moiety
with NaBHd in methanol afforded the L-threitol
derivative 3; treatment of 3 with benzyl bromide in
the presence of NaH as base gave the l-O-protected
derivative 4, which upon acid-catalyzed de-O-isopro-
pylidenation furnished the 3,4-di-O-unprotected com-
pound 8. Reaction with octyl and decyl bromide,
respectively, after deprotonation with NaH, led to the
introduction of two alkyl chains, affording com-
pounds 5a,b. Selective removal of the MEM-group
with titanium tetrachloride ( + 6a,b) and then treat-
ment with trifluoromethanesulfonic anhydride (TfzO)
in pyridine gave the secondary trifluoromethanesul-
fonates (triflates) 7a,b. Their reaction with 2,3:5,6-di-
O-isopropylidene-D-mannofuranose (9 [12]) with NaH
as base in 1,2-dimethoxyethane (DME) gave, via
direct anomeric O-alkylation, the a- and @-man-
nofuranosides IOa,ba and IOa,b~ ( a/~ = 1:2). Be-
cause of the low reactivity observed for cyclic sec-
ondary triflates in nonpolar solvents which favour
Hycoside bond formation [13], this result illustrates
the good reactivity of acyclic secondary triflates as
alkylating agents. Hydrogenolytic O-debenzylation of
IOa,b~ led to isolation of target molecules nap
and llbfl, which were then used for the attachment
of other hydrophilic head groups.

For the introduction of a sulfate group, compounds
lla,b~ were treated with the sulfur trioxide–tri-
methylamine complex in pyridine, affording com-
pounds 15a,b (Scheme 3); acid-catalyzed removal of
the O-isopropylidene groups furnished target
molecules 12a,b. For the alkylative ligation of lla,b~
to other hydrophilic head groups their transformation
into alkylating agents was required. To this aim,
reaction of lla,bfl with p-toluenesulfonyl chloride
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(TsC1) in pyridine was carried out, affording the
tosylates 17a,b. The corresponding iodides 18a,b
were obtained from lla,bfl with triiodoimidazole
and triphenylphosphine as reagents [14]. The intro-
duction of the malonate group as a second hy-
drophilic head group was carried out with 17a,b and
sodium diethyl malonate leading to 16a,b; acid-cata-
lyzed de-O-isopropylidenation ( + 13a,b) and then
base-promoted ester cleavage furnished diacids 14a,b
as target molecules. Other important hydrophilic head
groups of surfactants are oligoethylene glycol
residues. Therefore, reaction of 17a,b with tetraethy-
lene glycol (3,6,9-trioxaundecane- 1,11-diol) in the
presence of NaH as base and tetrabutylammonium
iodide (TBAI) as catalyst was performed, yielding
compounds 19a,b; their acid-catalyzed de-O-isopro-
pylidenation gave target molecules 21a,b. The intro-
duction of the iminodiacetic acid residue, also com-
monly employed as a hydrophilic head group and a
good completing agent for metal ions as well, was
carried out with iodides 18a,b; thus, with diethyl
iminodiacetate in the presence of NaH as base in dry

N-methylpyrrolidone (NMP) as solvent, compounds
20a,b were obtained in good yields; acid-catalyzed
de-O-isopropylidenation afforded compounds 22a,b
which were subjected to basic ester hydrolysis; addi-
tion of hydrochloric acid furnished hydrochloride
23a,b as target molecules.

For the synthesis of surfactants of structure B
(Scheme 1), the required threitol moiety was obtained
from D-galactose which, following known procedures
[15,16], was transformed into 1,3-di-O-alkyl-D-threi-
tol derivatives 24a,b [6] (Scheme 4). Reductive open-
ing of the 1,3-dioxane ring with LiAIH1/AIClq led,
as expected [17], to the 2-O-unprotected 4-O-benzyl
derivatives 25a,b. Treatment with TfzO in pyridine
afforded triflates 26a,b which were immediately used
for the anomeric O-alkylation of 9; thus, the a- and
@-mannofuranosides 27a,ba and 27a,b~ (a:~ =
1:2) were obtained. Hydrogenolytic O-debenzylation
of the ~ anomers 27a,b~ furnished the desired
intermediates 28a~ and 28b~ which were used for
the attachment of the above-mentioned hydrophilic
head groups by employing the same procedures as
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L.
described for lla,b~. Thus, the sulfated compounds
32a,b were synthesized which gave target molecules
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D-Galactose ~ L OR z$)a,b (Scheme 5). Then transformation of 28a,b~

—
a

b

Lo. into tosylates 34a,b and iodides 35a,b furnished the

R 24a,b
required alkylating agents for the formation of te-

C8H17
traethylene glycol derivatives 36a,b, malonate deriva-

LiAlH4, AIC13
C,”H,, tives 33a,b, and iminodiacetate derivatives 37a,b;. . v

Me
‘e’’’’AMe

F

OR

b

~e>: 0.0 OR

OH
R 10 OBn

25a,b: Rt = H

9

Y

26a,b: R1 = Tf

27a,ba, 27a,b~: R1 = Bn
26a,b~: R1 .H apdc’H2

Scheme4.

their acid-catalyzed de-O-isopropylidenation afforded
target molecules 38a,b, and esters 30a,b and 39a,b
which upon base-promoted hydrolysis and then treat-
ment with acid led to target molecules 31a,b and
40a,b.

For all target molecules possessing two hy-
drophilic head groups and two Iipophilic alkyl chains
(i.e., compounds 12, 14, 21, 23, 29, 31, 38, and 40)
the surface tension (m, in mN\m) and the critical
micelle concentration (cmc, in ~mol/L) were mea-
sured in water. The results are compiled in Table 1.
All compounds form micelles and some even at very
low concentrations (for instance, the tetraethylene
glycol derivatives 21b and 38b), thus exhibiting typi-
cal amphiphilic behaviour with little difference be-
tween corresponding A- and B-type compounds. Most
interestingly, practically all the synthetic 2/2-type ,

Na@
29a,b

A
TsOH
MeOH/H20

~{or---.l,
36a,b

1TsOH
MeOH/H20

i--

R
a C8H17

b C10H21

26a,b

‘Y1
H2C(COOEt)2

/’”

NaOEt

/ ::’’gkjO:N&

H(OCH2CH2)40H
NaH, DMF, TBAI 34a,b: X = Tos

35a,b: X = I
NaH, NMP -

HO

bf

OR
HO 0° OR

HH

R’02C
R’02C

30a,b : R’= Et
31a.b : R’= H 4

HCI, MeOH

‘e”~Me0,

b-$::>:0000 OR

Et02C

33a,b Et02C

::~’go~OR

OR

N

Et02C
37a,b Et02C

1HCI
MeOH

/
39a, b: R’=Et R’02C )

40a,b: R’= H ( HCI)
R’02C

r+4-Hfo
38a,b

Scheme5.



A. Terjung et al. /Carbohydrate Research 297 (1997) 229–242 233

Table 1
Surfacetensionand criticalmicelleconcentrationmeasurements
Compound o, (mN/m) cmc ( pmol/L) Compound m,(mN/m) cmc ( ~mol/L)
12a 32.0 278 29a 35.3 205
12b 29.2 18.1 29b 30.4 17.7
14a 25.9 89.1 31a 28.4 90.4
14b 28.9 13.6 31b 29.0 12.6
21a 30.2 21.2 38a 29.8 32.9
21b 32.6 0.25 38b 32.5 1.44
23a 27.9 70.2 40a 31.4 100
23b 30.2 25.6 40b 29.5 9.24

amphiphiles, which were also termed ‘gemini’ surfac-
tants [6,18], exhibit technically interesting reductions
of the surface tension of water (the u,-values range
between 35 and 25 mN/m); however, again the
corresponding A- and B-type compounds show only
small differences with slightly lower cr,-valuesfor the
A-type compounds.

3. Experimental

Solvents were purified in the usuaJ way; the light
petroleum used had a boiling range of 35-65 “C.
Melting points are uncorrected. IH NMR spectra:
Bruker AC 250 (250 MHz); internal standard, MedSi.
Flash chromatography: Silica Gel 60 (Baker: particle
size, 40 ~m); BAKERBOND Reversed Phase, Oc-
tadecyl (Clg) (Baker: particle size 40 pm). Thin-layer
chromatography (TLC): plastic sheets, Silica Gel 60
F2~A(Merck; layer thickness, 0.2 mm); TLC plates
RP-18 Fz~As(Merck: layer thickness, 0.25 mm). Ele-
mental analyses: Heraeus CHN–O-Rapid. Optical ro-
tations: Perkin–Elmer polarimeter 241 MC; l-din
cell; temperature, 20 “C.

Methyl 3,4-0- isopropylidene-2 -O- (2 -methoxy-
ethoxymethyl) - L - threonate (2).—To a solution of
methyl 3,4-O-isopropylidene-L-threonate [11] (1)
(25.0 g, 132 mmol) and ZV,N-diisopropylethylamine
(40.0 mL, 232 mmol) in dry CH,C12 (200 mL) was
added 2-methoxyethoxymethyl chloride (26.0 mL,
228 mmol) dropwise at room temperature. After stir-
ring for 24 h water (200 mL) was added. After
adjusting to pH 7 with 1 M HC1 the solution was
extracted with CHZC12(3 X 200 mL). The combined
organic extracts were dried (MgSOq) and concen-
trated in vacuo. Column chromatography (7:3
toluene–acetone) yielded 2 (33.8 g, 92%) as a colorl-
ess oil; TLC (7:3 toluene–acetone): Rf 0.55; [alD
+30.50 (C 1, CHC13); IH NMR (250 MHz, CDClq):
8 1.31, 1.37 [2 S, 6 H, C(CH~)2], 3.33 (S, 3 H,

OCH~), 3.46-3.54 (m, 2 H, OCHgCH20), 3.65-3.74
(m, 2 H, OCH,CH,O), 3.69 (s, 3 H, OCH,), 3.89
(old>~~,,~6.3> ~1,,1~8.6 Hz, 1 H, H-4a), 3.98 (old,
~~,~6.3, 1 H, H-4b), 4.15 (d, Y 6.1 Hz, 1 H, H-2),J

4.33 (ddd, 1 H, H-3), 4.77 (s, 2 H, OCHZO). Anal.
Calcd for CIZHZ20T (278.3): C, 51.79; H, 7.97.
Found: C, 51.30; H, 8.05.

1,2-O-Zsopropylidene-3 -O- (2-methoxyethoxymeth-
yi)-L-threitol (3).—To a solution of 2 (21.7 g, 78.0
mmol) in dry EtOH (120 mL) was added NaBHA
(2.50 g, 66.1 mmol) in several portions. When the
reaction was completed, the solution was neutralized
with 1 M HC1 and concentrated in vacuo. Then water
(60 mL) was added and the mixture was extracted
with CH2C1Z (6 X 50 rnL). The combined organic
extracts were dried (MgSOg) and concentrated in
vacuo. Flash chromatography (9:1 CH2C12–MeOH)
of the residue yielded 3 (17.1 g, 87Yo)as a colorless
oil; TLC (9:1 CHzClz–MeOH): Rf 0.30; [a]D – 6.5°
(c 1, CHCQ; ‘H NMR (250 MHz, CDC1,): 81.33,
1.39 [2 S, 6 H, C(CH~)z], 3.36 (S, 3 H, OCH~),
3.50-3.76 (m, 7 H, OCHZCH20, CH20H, H-la),
3.81-3.89 (m, 1 H, H-3), 4.01 (old, Jl~,2 6.6, Jl,,lb
8.3 Hz, 1 H, H-lb), 4.20-4.28 (m, 1 H, H-2), 4.83,
4.88 (2 d, J 7.4 Hz, 2 H, OCH20). Anal. Calcd for
CIIHZ20G (250.3): C, 52.78; H, 8.86. Found: C,
52.39; H, 8.80.

l-O-Benzyl-3,4-O-isopropylidene-2-O-(2-methoxy-
ethoxymethyl) - L - threitol (4).—To a solution of 3
(17.0 g, 67.9 mmol) in dry DMF (80 rnL) was added
NaH (2.0 g, 83.3 mmol) at O°C in several portions.
Then benzyl bromide (9.0 mL, 75.8 mmol) was
added dropwise at room temperature, and the mixture
was stirred until the reaction was completed. Then
MeOH (10 mL) was added and stirring was contin-
ued for 1 h. After addition of brine (250 mL), the
mixture was extracted with EtOAc (150 mL). The
combined organic extracts were dried (MgSOi) and
concentrated in vacuo. Column chromatography (7:3
light petroleum–EtOAc) of the residue yielded 4
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(17.6 g, 76%) as a colorless oil; TLC (4:1 light
petroleum-EtOAc): R,+. 0.13; [a]~ –7.5° (c 1,
CHCl~); ‘H NMR (250 MHz, CDCl~): 8 1.33, 1.37
[2 S, 6 H, C(CH,),], 3.35 (S, 3 H, OCH,), 3.47-3.50
(m, 2 H, OCH,CH,O), 3.53-3.56 (m, 2 H, H-la,lb),
3.70-3.82 (m, 3 H, H-4a, OCH2CH20), 3.84 (me, 1
H, H-2), 3.96 (old, ~db,~6.7, yq~,q, 8.4 Hz, 1 H,
H-4b), 4.24 (ddd, .l~,z= .l~,o~= .l~,lb= 6.7 Hz, 1 H,
H-3), 4.48, 4.50 (2 d, .l~C,m12.0 Hz, 2 H, CHzPh),
4.86 (s, 2 H, OCHZO), 7.22–7.35 (m, 5 H, Ph). Anal.
Calcd for C, XH280, (340.5): C, 63.51; H, 8.29.
Found: C, 63.28; H, 8.29.

General procedure for the preparation ofl-O-ben -
zyl-2-0 -(2-methoxyethoxymethyl) -3,4-di-O-octyl-L -
threitol (5a) and the homologous decyl compound
5b.—To a solution of 8 (22.0 g, 73.2 mmol) in dry
DMF (180 mL) was added at O ‘C NaH (4.0 g, 167
mmol) in several portions. Then the alkyl bromide
(155 mmol) was added and the mixture was stirred at
50 “C for 5 days. Then more alkyl bromide (17
mmol) and NaH (0.50 g, 21 mmol) were added, and
stirring was continued for 3 days. After decomposi-
tion of the excess of NaH with MeOH, brine (500
mL) was added, and the mixture was extracted with
light petroleum (5 X 250 mL). The combined organic
extracts were dried (MgSOd) and concentrated in
vacuo. Flash chromatography (6:1 light petroleum–
EtOAc) of the residue yielded 5a (79%) or 5b (88%)
as a colorless oil; TLC (4:1 light petroleum–EtOAc):
Rt. 0.47 (5a), 0.54 (5b); [a]D – 8.5° (5a), – 8.5°
(5b) (c 1, CHCl~); 5a,b: ‘H NMR (250 MHz,
CDCl~): 8 0.87 (t, J 6.5 Hz, 6 H, CHq), 1.26 (me,
20/28 H, 10/14 CHZ), 1.53 (me, 4 H, OCHZCH2),
3.35 (s, 3 H, OCH~), 3.38-3.76 (m, 13 H,
OCH *CH20, H-4a,4b, H-3, H-la,lb, 2 X
OCH2CHZ), 3.91-3.97 (m, 1 H, H-2), 4.50, 4.52 (2
d, J~e~ 11.8 Hz, 2 H, CHzPh), 4.79, 4.84 (2 d, J~,~
7.0 Hz, 2 H, OCHZO), 7.25–7.32 (m, 5 H, Ph). 5a:
Anal. Calcd for C~1H5hOb (524.8): C, 70.95; H,
10.76. Found: C, 71.13; H, 11.12. 5b: Anal. Calcd
for C~~HbdOb(580.9): C, 72.37; H, 11.11. Found: C,
72.49; H, 11.07.

General procedure fbr the preparation of l-O-ben -
zyl-3,4-di-O-octyl-L-threitol (6a) and the homologous
deqd compound 6b.—To a solution of 5a,b (7.4
mmol) in dry CH2C1Z(25 mL) was added TiCla (2.5
mL, 22.8 mmol) dropwise at -20 “C. After stirring for
30 min the mixture was neutralized with 1 M aq NH~
and extracted with CHZCIZ (5 X 50 mL). The com-
bined organic extracts were dried (MgSOd) and con-
centrated in vacuo. Column chromatography (6:1 light
petroleum–EtOAc) of the residue yielded 6a,b (87%)

as colorless oils: TLC (4:1 light petroleum–EtOAc):
R,~ 0.52 (6a), 0.57 (6b); [a]~ + 12.0° (6a), + 10.7°
(6b) (c’ 1, CHC1,); 6a,b: ‘H NMR (250 MHZ,

CDCl~): 8 0.86 (t, J 6.5 Hz, 6 H, CH3), 1.25 (me,
20/28 H, 10/14 CH2), 1.52 (me, 4 H, OCHZCH2),
2.65 (br s, 1 H, OH), 3.32-3.43 (m, 3 H, OCHZCHZ),
3.45-3.61 (m, 5 H, H-4a,4b, H-3, CHzOBn), 3.65
(ddd, J,iC = JviC= 6.5, J,c~ 9.2 Hz, 1 H, OCH,CH2),
3.84-3.90 (m, 1 H, CHOH), 4.54 (s, 2 H, CHzPh),
7.26–7.33 (m, 5 H, Ph). 6a: Anal. Calcd for
C,, HagOq. 0.5H20 (445,7): C, 72.76; H, 11.08.
Found: C, 73.02; H, 11.08. 6b: Anal. Calcd for
C,1H5G0, . 0.25H20 (497.3): C, 74.87; H, 11.45.
Found: C, 74.90; H, 11.81.

General procedure for the preparation of l-O-ben-
zyl-3, 4-di -O-octyl-2 -O- trifluoromethanesulfimyl- L-
threitol (7a), the homologous decyl compound 7b,
and the isorneric 2,4-dial@l compounds 26a,b.—A
solution of 6a,b or 25a,b (22.8 mmol) and pyridine
(1.9 mL, 23.6 mmol) in dry CH,Clq (35 mL) was
added dropwise at O ‘C to a solution of TfzO (3.8
mL, 23.2 mmol) in dry CHZCIZ (8 mL). When the
reaction was completed water (30 mL) was added,
and the mixture was extracted with CH2C1Z(20 mL).
The combined organic extracts were dried (MgS04)
and concentrated in vacuo to yield 7a,b or 26a,b
(95%) as yellow oils; TLC (9:1 light petroleum-
EtOAc): R, 0.72 (7a), 0.70 (7b), 0.67 (26a), 0.65

(26b); ‘H NMR (250 MHz, CDC1,): 7a,b: 80.86 (t,
J 6.6 Hz, 6 H, CH~), 1.24 (me, 20/28 H, 10/14
CH2), 1.47-1.58 (m, 4 H, OCH2CHZ), 3.29-3.45
(m, 3 H, OC14*CH2), 3.46-3.72 (m, 6 H, H-4a,4b,
1/2 OCHZCHZ, H-3, H-la,lb), 4.45, 4.59 (2 d, .l~,~
11.9 Hz, 2 H, CHzPh), 5.09 (me, 1 H, H-2), 7.26-
7.33 (m, 5 H, Ph); 26a,b: 8 0.87 (t, J 6.5 Hz, 6 H,
CH3), 1.25 (me, 20/28 H, 10/14 CHZ), 1.52 (me, 4
H, OCHZCH2), 3.47–3.62 (m, 6 H, OCHZCHZ,
H-4a,4b), 3.66-3.81 (m, 3 H, H-2, H-la,lb), 4.53,
4.56 (2 d, J,e~ 12.0 Hz, 2 H, CH2Ph), 5.10 (me, 1
H, H-3), 7.28–7.37 (m, 5 H, Ph). The crude products
7a,b and 26a,b were used for the next step without
purification because of their sensitivity to moisture.

l-O-Benzyl-2-O-(2 -methox.yethoxymethyl)-L-threitol
(8).—A solution of 4 (17.6 g, 51.7 mmol) in aq 70%
AcOH was stirred at 35 “C, until the reaction was
completed. Then the solvent was evaporated in vacuo,
and the residue was coevaporated with toluene. Flash
chromatography (9:1 CHaClz–MeOH) of the residue
yielded 8 (14.8 g, 95%) as a colorless oil; TLC (9:1
CH2Cl,-MeOH): R~ 0.60; [a]D –5.3° (c 1, CHClq);
IH NMR (250 MHz, CDCl~): 8 2.87 (br s, 2 H,
OH), 3.35 (s, 3 H, OCH~), 3.48–3.52 (m, 2 H,
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OCHZCHZO), 3.53-3.71 (m, 5 H, H-la, H-4a,4b,
OCH2CHZO), 3.73-3.87 (m, 3 H, H-3, H-2, H-lb),
4.50, 4.52 (2 d, .l~e~ 12.0 Hz, 2 H, CHzPh), 4.76,
4.83 (2 d, J~e~ 7.0 Hz, 2 H, OCHZO), 7.25-7.34 (m,
5 H, Ph). Anal. Calcd for Cl~HzlOG (300.3): C,
59.98; H, 8.05. Found: C, 59.90; H, 8.18.

General procedure for the preparation of l-O-ben-
zyl-2-O-(2,3:5,6-di-O- isopropylidene-a-D-mannobra-
nosyl)-3,4-di-O-octy l-L-erythritol (lOacx), the homol-
ogous decyl compound IOba, the corresponding P
anomers lOa, b~, and the isomeric 2, 4- dialkyl
compounds 27a,ba, 27a,b(3.-To a solution of
2,3:5,6-di-0-isopropylidene-r)-mannofuranose [12] (9)
(9.0 g, 34.6 mmol) in dry l,2-dimethoxyethane (25
mL) was added NaH (0.80 g, 33.3 mmol) in several
portions. After stirring for 30 min 7a,b (22.7 mmol)
was added. When the reaction was completed, brine
(50 mL) was added, and the mixture was extracted
with EtOAc (5 X 40 mL). The combined organic
extracts were dried (MgSOg) and concentrated in
vacuo. Column chromatography (6:1 light
petroleum-EtOAc) of the residue yielded the a
anomers IOa,b a, 27a,b a (1290) and the ~ anomers
IOa,b~, 27a,b~ (27%) as colorless oils; TLC (6:1
light petroleum-EtOAc): R~ 0.58 (lOaa), 0.18
(lOa~), 0.62 (lOba), 0.21 (lOb~), 0.58 (27aa),
0.18 (27a~), 0.62 (27ba), 0.22 (27b~); [al~
+ 15.5° (lOact), – 11.9° (lOa~), + 14.5° (lOba),
– 1O.OO(lOb~), + 15.7° (27aa), – 14.5° (27aB),
+ 13.8° (27b~), – 12.3° (27b~) (c 1, CHC13); IH
NMR (250 MHz, CDClq): IOa,ba: 80.86 (t, J 6.6
Hz, 6 H, CHq), 1.24 (me, 20/28 H, 10/14 CH2),
1.3o, 1.35, 1.4o, 1.44 [4 s, 12 H, C(CHJJ, 1.53
(me, 4 H, OCH2CH2), 3.33-3.64 (m, 9 H, H-4a,4b,
OCHZCHZ, H-3, H-la,lb), 3.85-3.91 (m, 1 H, H-2),
3.94 (old, J3,,~r3.6, Jq,~r7.9 Hz, 1 H, H-4’), 4.00 (old,
J~,,et~3.9, JGr~,dr~8.7 Hz, 1 H, H-6’a), 4.06 (old, J~,~t~
6.1, Jb,~,G/~8.7 Hz, 1 H, H-6’b), 4.36 (me, 1 H, H-5’),
4.47, 4.59 (2 d, J~e~ 12.2 Hz, 2 H, CH2Ph), 4.59 (d,

~,,q,6.0 Hz, 1 H, H-2’), 4.73 (old, Jz,,~,5.9, Jq,l 3.6J
Hz, 1 H, H-3’), 5.24 (s, 1 H, H-l’), 7.26–7.32 (m, 5
H, Ph); IOa,b~: 8 0.85 (t, J 6.5 Hz, 3 H, CHJ,
1.24 (me, 20/28 H, 10/14 CHZ), 1.30, 1.35, 1.42,
1.46 [4 s, 12 H, C(CH3)2], 1.46–1.51 (me, 4 H,
OCH2CHZ), 3.36-3.45 (m, 4 H, OCHZCHZ), 3.49
(old, J,,,A, 4.1, J4,,,, 7.7 Hz, 1 H, H-4’), 3.53-3.70 (m,
5 H, H-la,lb, H-3, H-4a,4b), 3.92 (me, 1 H, H-2),
3.98-4.11 (m, 2 H, H-6’a, H-6’b), 4.40 (ddd, J1,,~,
7.7, J~t,c,=5.2, J~,,Gt~5.6 Hz, 1 H, H-5’), 4.49, 4.57(2
d, J~e~ 12.1 Hz, 2 H, CH2Ph), 4.54 (old, JI,,2, 3.7,
J~r,~,6.1 Hz, 1 H, H-2’), 4.59 (old, Jz,qr 6.1, Jq,d, 3.9
Hz, 1 H, H-3’), 4.79 (d, Jl,,2r 3.7 Hz, 1 H, H-l’),

7.25-7.35 (m, 5 H, Ph). 27a,ba: 8 0.87 (t, J 6.6
Hz, 6 H, CH3), 1.24 (me, 20/28 H, 10/14 CH2),
1.30, 1.36, 1.39, 1.44 [4 S, 12 H, C(CH3)Z], 1.46-1.58
(m, 4 H, OCH,CH,), 3.32-3.45 (m, 4 H,
OCHZCH1), 3.47-3.61 (m, 5 H, H-4a,4b, H-la,lb,
H-4’), 3.84-3.88 (m, 1 H, H-2), 3.97–4.11 (m, 3 H,
H-3, H-6’a, H-6’b), 4.35-4.38 (m, 1 H, H-5’), 4.49-
4.58 (2 d, J~~~ 12.1 Hz, 2 H, CH2Ph), 4.60 (d, J2/,3r
5.9 Hz, 1 H, H-2’), 4.77 (old, Jzr,3r5.9, J3/,lr3.6 Hz,
1 H, H-3’), 5.15 (s, 1 H, H-l’), 7.25–7.35 (m, 5 H,
Ph); 27a,bfl: 80.85 (t, J 6.5 Hz, 6 H, CH3), 1.24
(me, 20/28 H, 10/14 CH,), 1.32, 1.35, 1.41, 1.49 [4
s, 12 H, C(CHJ2], 1.46–1.51 (m, 4 H, OCHZCH2),
3.39 (t, J 6.6 Hz, OCHZCH2), 3.45-3.52 (m, 2 H,
H-4a,4b), 3.53-3.69 (m, 4 H, H-la, H-2, OCH2CH2),
3.78 (old, J1~,z 2.5, J1,,l~ 10.4 Hz, 1 H, H-lb),
3.89-3.98 (m, 1 H, H-3), 4.02 (old, J~,G,,5.0, Jc,,,G,~
8.7 Hz, 1 H, H-6’a), 4.06 (old, J~t,c,~5.9, JG,,,G,~8.7
Hz, 1 H, H-6’b), 4.37 (ddd, Ji/,~/ 7.5, J~/,e/, 5.0,
~r,~,~5.9 Hz, 1 H, H-5’), 4.50, 4.51 (2 d, J~~~ 11.9J

Hz, 2 H, Ck12Ph),4.54 (old, J1,2, 3.7, J2/,~,6.1 Hz, 1
H, H-2’), 4.63 (old, Jz, ~r6.1, J3:d,3.7 Hz, 1 H, H-3’),
4.96 (d, Jl,,z, 3.7 Hz, 1 H, H-l’), 7.25–7.31 (m, 5 H,
Ph). IOa: Anal. Calcd for C3~HGGOg(678.9): C,
68.99; H, 9.80. Found: C, 69,54; H, 9.89. IOb: Anal.
Calcd for CAqHTtOq(735.0): C, 70.26; H, 10.15.
Found: C, 70.50; H, 10.16. 27a: Anal. Calcd for
C~9HbcOc (678.9): C, 68.99; H, 9.80. Found: C,
69.01; H, 10.04. 27b: Anal. Calcd for C1qHT~Og
(735.0): C, 70.26; H, 10.15. Found: C, 70.00; H,
10.37.

General procedure for the preparation of 3-O-(2,
3:5,6-di-O-isopropylidene-~-D-mannofuranosyl)-l,2-di-
O-octyl-r)-erythritol (lla~), the homologous decyl
compound llb~, and the isomeric 1, 3- dialkyl
compounds 28a, b~.—A mixture of IOa,b ~ or
27a,b~ (4.0 mmol) and Pal-C (150 mg) in dry 1:1:2
EtOAc–MeOH–acetone (60 mL) was stirred under
Hz. When the reaction was completed, a little
NazCOa was added and stirring was continued for 30
min. Then the mixture was filtered, and the organic
solution was concentrated in vacuo. Column chro-
matography (6:4 light petroleum–EtOAc) yielded
lla,bp or 28a,b@ (88%) as a colorless oil; TLC
(6:4 light petroleum-EtOAc): R~ 0.26 (lla~), 0.33
(llbP), 0.25 (28aP), 0.28 (28bp); [al~ + 1.5°
(nap), –0.5° (llb~), – 12.2° (28a/3), – 10.4°
(28bB) (c 1, CHC1,); ‘H NMR (250 MHz, CDC1,):
lla,b~: 8 0.85 (t, J 6.5 Hz, 6 H, CH3), 1.23 (me,
20/28 H, 10/14 CHZ), 1.34, 1.35, 1.41, 1.52 [4 S,
12 H, C(CHJ2], 1.45-1.52 (m, 4 H, OCHZCHZ),
3.33-3.48 (m, 5 H, 1.5 OCH2CH2, H-la,lb), 3.50-
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3.57 (m, 1 H, OCH2CHZ), 3.59-3.66 (m, 3 H,
H-4a,4b, H-4’), 3.70-3.77 (m, 2 H, H-2, H-3), 4.05
(d, J,,c 5.3 Hz, 2 H, H-6’a,6’b), 4.40 (ddd, Jd,, 7.8,
J5/,(,r2,= .15,hr~= 5.3 Hz, 1 H, H-5’), 4.61 (old, J1,,2
3.9, J1,~r6.1 Hz, 1 H, H-2’), 4.73 (old, Jz,,~ 6.1, J34(
4.0 Hz, 1 H, H-3’), 4.90 (d, JI,,2, 3.9 Hz, 1 H, H-l’);
28a,b~: 8 0.85 (t, J 6.6 Hz, 6 H, CH~), 1.23 (me,
20/28 H, 10/14 CH2), 1.32, 1.34, 1.41, 1.49 [4 S,
12 H, C(CHq)2], 1.47-I.55 (m, 4 H, OCHZCH,),
3.35-3.47 (m, 4 H, OCHZCH2), 3.58 (old, J3,,A 3.8,
J~,,~ 7.8 Hz, 1 H, H-4’), 3.49–3.71 (m, 3 H, H-3,
H-la,lb), 3.74-3.76 (m, 2 H, CHZOH), 3.82-4.03
(m, 1 H, H-2), 4.05-4.08 (m, 2 H, H-6’a,6’b), 4.42
(ddd, Jd,( 7.8, J5r~,, 4.7. J5r~rb5.9 Hz, 1 H, H-5’),
4.62 (old: J,,,z, 3.8, ’J2,,~(6.1 HZ, 1 H, H-2’), 4.69 (old,
J ~,~ 6.1, J~,J 3.8 Hz, 1 H, H-3’), 5.03 (d, Jlr,z 3.8
Hz, 1 H, H-l’). lla~: Anal. Calcd for C~zHdtJOg
(588.8): C, 65.27; H, 10.27. Found: C, 65.10; H,
10.55. llb~: Anal. Calcd for C~bHd~Og(644.9): C,
67.04; H, 10.63. Found: C, 66.87; H, 10.89. 28a~:
Anal. Calcd for ClzHfiOOg (588.8): C, 65.27; H,
10.27. Found: C, 65.42; H, 10.43. 28b@: Anal. Calcd
for C~bH~ROg(644.9): C, 67.04; H, 10.63. Found: C,
66.71; H, 10.65.

General procedure fbr the preparation of 2-0< ~-
D- mannofuranosyl) -3,4- di -0- octyl -L-erythritol 1-
(sodium suljate) (12a), the homologous decyl com-
pound 12b, and the isorneric 2,4-dialkyl compounds
29a,b.—To a solution of 15a,b or 32a,b (O.13 mmol)
in 5: 1 MeOH–water (3 mL) was added p-toluene-
sulfonic acid (15 mg, 79 ~mol). After stirring until
the reaction was completed, the mixture was neutral-
ized with solid NaHCO~ and concentrated in vacuo.
Column chromatography (4:1 CHzClz-MeOH) of
the residue yielded 12a,b or 29a,b (88%) as a colour-
Iess oil; TLC (4:1 CHzCl,-MeOH): R~ 0.28 (12a),
0.29 (12b), 0.24 (29a), 0.28 (29b); [al~ – 30.0°
(12a), –28.5° (12b), –37.6° (29a), -36.9° (29b) (c
1, MeOH); ‘H NMR (250 MHz, CDCl~): 12a,b: 8
0.85 (t, J 6.7 Hz, 6 H, CH~), 1.29 (me, 20/28 H,
10/14 CHZ), 1.56 (me, 4 H, OCHZCHZ), 3.47 (t, J
6.6 Hz, 2 H, OCHZCHQ), 3.52-3.73 (m, 6 H,
OCHZCH2, H-3, H-4a,4b, H-6’a), 3.79 (old, J5,G~
3.0, J(,~f~ 11.4 Hz, 1 H, H-6’b), 3.87 (old, J3r,dr3.7,
~,5, 8.5 Hz, 1 H, H-4’), 3.92-4.01 (m, 2 H, H-2,J

H-5’), 4.11 (old, Jlr,zr= Jzr,~,= 4.9 Hz, 1 H, H-2’),
4.21-4.26 (m, 3 H, H-la,lb, H-3’), 5.15 (d, Jl,z, 4.9
Hz, 1 H, H-l’); 29a,b: 8 0.89 (t, J 6.6 Hz, 6 H,
CH~), 1.29 (me, 20/28 H, 10/14 CHq), 1.53-1.60
(m, 4 H, OCH2CH,), 3.40-3.56 (m, 3 H,
OCHZCHZ), 3.60-3.72 (m, 5 H, 1/2 OCHZCHZ,
H-2, H-4a,4b, H-6’a), 3.75-3.84 (m, 2 H, H-3, H-6’b),

3.91 (old,J3r,4,3.9, Jd(,5r8.0 Hz, 1 H, H-4’), 3.95-4.02
(m, 1 H, H-5’), 4.02 (old, J[,, = J,,, = 4.8 Hz, 1 H,
H-2’), 4.13 (old, J1,,2 4.0, Jl:,,lb 11.0 Hz, 1 H, H-1a),
4.19 (old, J2r,3/4.8, J3,,4,4.0 Hz, 1 H, H-3’), 4.28 (old,
J ,~,z 3.0, JIO,l~ 11.0 Hz, 1 H, H-lb), 5.16 (d, J,,,2,
4.7 Hz, 1 H, H-l’). 12a: Anal. Calcd for
CztH~[O,zSNa . HZO (628.7): C, 49.66; H, 8.50.
Found: C, 49.72; H, 8.90. 12b: Anal. Calcd for
C~,)H5gOlzSNa. HZO (684.9): C, 52.61; H, 8.98.
Found: C, 52.40; H, 8.92. 29a: Anal. Calcd for
CzbH5101zSNa . HZO (628.74): C, 49.66; H, 8.50.
Found: C, 49.65; H, 8.74. 29b: Anal. Calcd for
C~OH590,zSNa . HZO (684.9): C, 52.61; H, 8.98.
Found: C, 52.44; H, 9.03.

General procedure ftir the preparation of’ ethyl
(4R, 5S)-2-ethox~carbonyl- 4-( /3-D-mannofuranosyl-
oxy)-5, 6-dioctylox-yhexanoate (13a), the homologous
decyl compound 13b, and the isomeric 4, 6-dialk?l
compounds 30a,b.—A solution of 16a,b or 33a,b
(0.15 mmol) in MeOH (5 mL) and 1 M aq HCI (1
mL) was stirred until the reaction was completed.
After neutralization with satd aq NaHC03 the MeOH
was evaporated in vacuo. The remaining aqueous
solution was extracted with EtOAc (5 X 10 mL). The
combined organic extracts were dried (MgSOA) and
concentrated in vacuo. Column chromatography (9:1
CHzC12–MeOH) of the residue yielded 13a,b or
30a,b (66%) as a colorless oil; TLC (9:1 CH2Clz-
MeOH): Rf 0.45 (13a), 0.47 (13b), 0.49 (30a), 0.54
(30b); [al~ –44.5° (13a), –42.2° (13b), –43.8°
(30a), –40.9° (30b) (c 1, MeOH); ‘H NMR (250
MHz, CDCl~): 13a: 80.84 (t, J 6.6 Hz, 6 H, CH~),
1.23 (me, 26/34 H, 10/14 CHZ, OCHzCZf~), 1.51
(me, 4 H, OCH,CH2), 1.99-2.23 (m, 2 H, H-3a,3b),
3.25–3.48 (m, 4 H, OCHZCHZ, H-6a,6b), 3.51-3.60
(m, 4 H, OCH,CH,, H-5, H-4), 3.71-3.87 (m, 3 H,
H-2, H-6’a, H-6’b), 3.95-3.98 (m, 2 H, H-2’, H-4’),
4.02-4.10 (m, 1 H, H-5’), 4.12-4.24 (m, H-5’,
OCH,CH~, H-3’), 4.91 (d, J,,, 4.7 Hz, 1 H, H-l’);
30a,b: 8 0.83 (t, J 6.6 Hz, 6 H, CH~), 1.21 (me.
26/34 H, 10/14 CHZ, OCHzCHq), 1.40–1.46 (m, 2
H, OCHZCHZ), 1.51-1.56 (m, 2 H, OCH2CHZ),
2.07–2.10 (m, 2 H, H-3a,3b), 3.31–3.49 (m, 5 H,
OCH2CH2, H-4), 3.52-3.60 (m, 3 H, H-2, H-6a,6b),
3.74-3.82 (m, 3 H, H-5, H-6’a,6’b), 3.96 (old, Jl,z

4“4~J2’,Y s. 1 Hz, 1 H>H-2’), 4.00 (old, Jq,~,= J4,,5,=
5.1 Hz, 1 H, H-4’), 4.06 (me, 1 H, H-5’): 4.10-4.28
(m, 4 H, OCH,CH,), 4.17 (old, J,,, = J,,, = 5.1 Hz,
1 H, H-3’), 5.05 (d, Jl,z, 4.4 Hz, 1 H, H-l’). 13a:
Anal. Calcd for Cj~H6z0,z (654.8): C, 60.52; H,
9.54. Found: C, 60.55; H, 9.62. 13b: Anal. Calcd for
CqTHTtJOlz(71 1.1): C, 62.48; H, 9.92. Found C,
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62.41; H, 9.99. 30a: Anal. Calcd for CqqHb201z
(654.8): C, 60.52; H, 9.52. Found: C, 60.58; H, 9.74.
30b: Anal. Calcd for C3TH,0012 (71 1.1): C, 62.48;
H, 9.92. Found: C, 62.93; H, 10.01.

General procedure for the preparation of
(4R,5S)-2-carboxy-4-( @D-rnarmofuranosyloxy)-5,6-
dioctyloxyhexanoic acid (14a), the homologous decyl
compound 14b, and the isomeric 4,6- dialkyl com-
pounds 31a,b.—To a solution of 13a,b or 30a,b
(0.20 mmol) in MeOH (3 mL) and water (1 mL) was
added NaOH (0.30 g, 7.5 mmol). The mixture was
stirred until the reaction was completed. After evapo-
ration of the MeOH in vacuo, 4 M HC1 was added to
the solution in order to give pH 3.5. Reversed-phase
column chromatography (RP 18, water followed by
7:1 MeOH–water) and lyophilization from water
yielded 14a,b or 31a,b (86%) as a colorless powder;
TLC (RP 18, 7:1 MeOH-water): 0.58 (14a), 0.63
(14b), 0.44 (31a), 0.46 (31b); [CYID–39.0° (14a),
–37.9° (14b), – 17.7° (31a), – 16.2° (31b) (C 1,
MeOH); ‘H NMR (250 MHz, CD30D): 14a,b: 8
0.89 (t, J 6.5 Hz, 6 H, CH~), 1.29 (me, 20/28 H,
10/14 CH2), 1.56 (me, 4 H, OCHZCHZ), 2.02-2.18
(m, 2 H, H-3a,3b), 3.42-3.51 (m, 4 H, OCH,CH,,
H-6a,6b), 3.55–3.71 (m, 5 H, OCHZCHZ, H-5, H-6’a,
H-6’b), 3.77 (me, 1 H, H-2), 3.81 (me, 1 H, H-4’),
3.86 (me, 1 H, H-4), 3.99 (me, 1 H, H-5’), 4.08 (me,
1 H, H-2’), 4.15 (me, 1 H, H-3’), 4.90 (d, Jl,,z, 4.8
Hz, 1 H, H-l’); 31a,b: 8 0.89 (t, J 6.6 Hz, 6 H,
CH~), 1.30 (me, 20/28 H, 10/14 CHZ), 1.47-1.69
(m, 4 H, OCH2CH2), 2.12 (me, 2 H, H-3a,3b),
3.34-3.61 (m, 8 H, H-2, OCH2CHZ, H-6a,6b, H-4),
3.67 (old, J~,,b,,5.4, JG,,,G,b11.5 Hz, 1 H, H-6’a), 3.79
(old, J,,,,a 3.1, JG,,,,~ 11.5 Hz, 1 H, H-6’b), 3.89 (m,
3 H, H-5, H-4’, H-5’), 4.04 (old, Jl,,z 4.5, Jz,>q,4.7
Hz, 1 H, H-2’), 4.14 (old, Jz,,qr4.7, Jq,,lr4.5 Hz, 1 H,
H-3’), 5.17 (d, Jlr,z, 4.5 Hz, 1 H, H-l’). 14a: Anal.
Calcd for Cz9Hj~Olz o0.5HZ0 (607.7): C, 57.31; H,
9.12. Found: C, 56.90; H, 8.63. 14b: Anal. Calcd for
C~qH6zOlzoHZO (655.8): C, 58.60; H, 9.68. Found:
C, 58.66; H, 9.51. 31a: Anal. Calcd for CzpH5d01z”
H20 (616.7): C, 56.47; H, 9.15. Found: C, 56.53; H,
9.20. 31b: Anal. Calcd for Cq3HczOlz (637.8): C,
58.60; H, 9.68. Found: C, 58.46; H, 9.52.

General procedure for the preparation of 2-0-
(2,3:5,6-di-O-isopropylidene-P-D-mannofuranosyl)-3,4-
di-O-octyl-L-erythritol I-(sodium sulfate) (15a), the
homologous decyl compound 15b, and the isomeric
2, 4- dialkyl compounds 32a,b.—To a solution of
lla,bfl or 28a,b (0.30 mmol) in dry pyridine (8 mL)
was added S03–Me~N complex (80 mg, 0.58 mmol).
After stirring for 15 h the mixture was concentrated

in vacuo. After addition of 4 M NaOH (10 mL) the
mixture was stirred for 2 h. The aqueous solution was
extracted with EtOAc (4 X 20 mL). The combined
organic extracts were dried (MgSOJ) and concen-
trated in vacuo. Column chromatography (9:1
CH2Clz–MeOH) of the residue yielded 15a,b or
32a,b (86%) as a colorless oil; TLC (6:1 CH2Clz-
MeOH): Rf 0.44 (15a), 0.46 (15b); TLC (9:1
CH,Cl,-MeOH), 0.23 (32a), 0.24 (32b); [alD
– 10.7° (15a), – 1O.OO(15b), – 18.5° (32a), – 15.8”
(32b) (c 1, CHC13); ‘H NMR (250 MHz, CDC1,):
15a,b: 6 0.85 (t, J 6.6 Hz, 6 H, CHq), 1.23 (me,
20/28 H, 10/14 CHZ), 1.34, 1.35, 1.39, 1.49 [4 S,

12 H, C(CH3)2], 1.42-1.57 (m, 4 H, OCHZCH2),
3.37 (t, J 6.6 Hz, 2 H, OCHZCHZ), 3.39-3.45 (m, 1
H, OCHZCHZ), 3.51-3.69 (m, 5 H, 1/2 OCHZCHZ,
H-4a,4b, H-3, H-4’), 3.92-4.06 (m, 3 H, H-2, H-
6’a,6’b), 4.24 (m, 2 H, H-la,lb), 4.35 (ddd, JA,,~,7.2,
~,b,~5.1, J~r,Gt~J 5.8 Hz, 1 H, H-5’), 4.65 (old, Jlt,z,

3.6, JZ,,3,5.9 Hz, 1 H, H-2’), 4.80 (old, JZ,,3,5.8, Jqr,~,
3.9 Hz, 1 H, H-3’), 4.94 (d, Jlr,zr3.7 Hz, 1 H, H-l’);
32a,b: 8 0.85 (t, J 6.5 Hz, 6 H, CH3), 1.24 (me,
20/28 H, 10/14 CHZ), 1.34, 1.35, 1.40, 1.49 [4 S,

12 H, C(CH~)z], 1.49 (m, 4 H, OCHZCHZ), 3.32-
3.45 (m, 4 H, OCH2CHZ), 3.59-3.64 (m, 3 H,
H-4a,4b, H-4’), 3.69-3.73 (m, 1 H, H-2), 3.85-3.89
(m, 1 H, H-3), 4.02 (me, 2 H, H-6’a,6’b), 4.21 (me, 2
H, H-la,lb), 4.39 (ddd, Jdt,~,6.9, J5,,G,~= J5,,G,~= 5.5
Hz, 1 H, H-5’), 4.66 (old, Jz, ~,6.0, Jq,,qr3.8 Hz, 1 H,
H-3’), 4.74 (old, Jlt ~, 3.6, Jz, 3, 6.0 Hz, 1 H, H-2’),
4.97 (d, Jl,,z, 3.5 Hz, 1 H, H-l;). 15a: Anal. Calcd for
C~zH~gOlzSNa o0.5HZ0 (700.9): C, 54.84; H, 8.63.
Found: C, 54.78; H, 8.27. 15b: Anal. Calcd for
C3GHGvOlzSNa. H20 (765.0): C, 56.52; H, 9.09.
Found: C, 56.33; H, 9.38. 32a: Anal. Calcd for
CqzH~q012SNa”HZO (709.9): C, 54.14; H, 8.66.
Found: C, 53.96; H, 8.56. 32b: Anal. Calcd for
C3bHcTOlzSNa -0.5HZ0 (756.0): C, 57.19; H, 8.66.
Found: C, 57.14; H, 8.56.

General procedure for the preparation of ethyl
(4R ,5 S)-4-(2,3:5,6-di-O-isopropylidene-2-ethoxycar-
bonyl -~-D - mannofuranosyloxy) -5,6- dioctyloxyhex-
anoate (16a), the homologous decyl compound 16b,
and the isomeric 4,6-dialkyl compounds 33a,b.—Di-
ethyl malonate (0.30 g, 1.87 mmol) was dissolved in
1.5 M ethanolic NaOEt (1.2 mL, 1.8 mrnol). After 30
min 17a,b or 34a,b (0.56 mmol) was added and the
mixture was heated to 60 ‘C for 20 h. Then water (20
rnL) and EtOAc (20 mL) were added and the aq layer
was extracted with EtOAc (5 X 20 mL). The com-
bined organic extracts were dried (MgSO1) and con-
centrated in vacuo. Column chromatography (3:1 light
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petroleum–EtOAc) of the residue yielded 16a,b or
33a,b (84%) as a colorless oil; TLC (3:1 light
petroleum-EtOAc): Rt 0.40 (16a), 0.43 (16b), 0.38
(33a), 0.41 (33b); [~1~ -6.6° (16a), -3.7° (16b),
–7.5° (33a), –7.0° (33b) (c 1, CHCl~); ‘H NMR
(250 MHz, CDCIS): 16a,b: 80.85 (t, J 6.5 Hz, 6 H,
CH~), 1.24 (me, 20/28 H, 10/14 CHZ), 1.15-1.29
(m, 6 H, OCH,CH,), 1.32, 1.35, 1.41, 1.48 [4 s, 12
H, C(CHq)z], 1.40-1.58 (m, 4 H, OCHZCHZ), 2.09-
2.19 (m, 2 H, H-3a,3b), 3.24–3.34 (m, 1 H,
OCH2CH2), 3.39 (t, Y 6.6 Hz, 2 H, OCHZCHZ),
3.44-3.67 (m, 6 H, H-2, H-6a,6b, H-5, 1/2
OCHZCHZ, H-4’), 3.91-3.98 (m, 1 H, H-4), 4.04
(me, 2 H, H-6’a,6’b), 4.08-4.24 (m, 4 H, OCH,CH,),
4.42 (ddd, Jd(,5 7.8, J5r,b, 5.1, J5r,b~ 5.8 Hz, 1 H,
H-5’), 4.58 (old, J,,,, 3.7, J2,~ 6.1 Hz, 1 H, H-2’),
4.65 (old, .l,r,~r6.1, Jq,,lr 3.8 Hz, 1 H, H-3’), 4.95 (d,
J ,,~, 3.7 Hz, 1 H, H-l’); 33a,b: 80.85 (t, J 6.6 Hz, 6
H,’ CH~), 1.24 (me, 20/28 H, 10/14 CHZ), 1.15-
1.29 (m, 6 H, OCH2CH~), 1.32, 1.35, 1.41, 1.47 [4 s,
12 H, C(CH~)2], 1.47 (me, 4 H, OCHZCHZ), 2.10-
2.19 (m, 2 H, H-3a,3b), 3.29 (dt, J,iC 6.5, J~e~ 9.0
Hz, 1 H, OCH,CH,), 3.39 (me, 2 H, OCH,CH2),
3.44-3.62 (m, 6 H, H-2, H-6a,6b, H-4, 1/2
OCH,CH,, H-4’), 3.91-3.98 (m, 1 H, H-5), 3.99-
4.08 (m, 2 H, H-6’a,6’b), 4.08-4.24 (m, 4 H,
OCHzCH~), 4.42 (ddd, Jdr,~t7.7, J~r,br,5.1, J~,b~
5.8 Hz, 1 H, H-5’), 4.58 (old, Jl,zr 3.7, J2,~r6.1 Hz, 1
H, H-2’), 4.66 (old, Jzr,~r6.1, J~,Lt3.9 Hz, 1 H, H-3’),
4.96 (d, Jl,,z 3.7 Hz, 1 H, H-l’). 16a: Anal. Calcd for
C~gHToO1z(731.0): C, 64.08, H, 9.65. Found: C,
64.30; H, 9.76. 16b: Anal. Calcd for C1~HT801z
(787.1): C, 65.62; H, 9.99. Found: C, 64.78; H,
10.07. 33a: Anal. Calcd for C~gHTtJOlz“H20 (740.0):
C, 63.30; H, 9.67. Found: C, 63.21; H, 9.62. 33b:
Anal. Calcd for CL~HTRO1z(787.1): C, 65.62; H,
9.99. Found: C, 64.78; H, 10.07.

General procedure for the preparation of 2-0-
(2,3:5,6-di-O-is(]pr[>pylidene-fl-D-mannofuranosyl)-3,4-
di-O-octyl-l-O-toluenesulfonyl-L-erythritol (17a), the
homologous decyl compound 17b, and the isomeric
2,4-dial~l compounds 34a,b.—A solution of lla,b~
or 28a,b (1.21 mmol) and p-toluenesulfonyl chloride
(0.30 g, 1.57 mmol) in dry pyridine (15 mL) was
stirred until the reaction was completed. After evapo-
ration of the pyridine in vacuo water (20 mL) was
added and the mixture was extracted with EtOAc
(5 X 20 mL). The combined organic extracts were
dried (MgSOd) and concentrated in vacuo. Column
chromatography (7:3 light petroleum–EtOAc) of the
residue yielded 17a,b or 34a,b (94%) as a colorless
oil. TLC (7:3 light petroleum-EtOAc): Rt 0.31 (17a),

0.35 (17b), 0.37 (34a), 0.40 (34b); [a]~ – 8.6° (17a).
–7.4° (17b), –9.8° (34a), – 8.2° (34b) (c 1, CHClq):
IH NMR (250 MHz, CDCl~): 17a,b: 80.85 (t, J 6.5
Hz, 6 H, CH~), 1.23 (me, 20/28 H, 10/14 CH2).
1.32, 1.35, 1.41, 1.45 [4 S, 12 H, C(CH~)z], 1.45-1.54
(m, 4 H, OCH2CH2), 2.42 (s, 3 H, ArCH,), 3.35 (t,
J 6.7 Hz, 4 H, OCH2CH2), 3.39–3.62 (m, 5 H,
H-4a,4b, H-3, H-2, H-4’), 3.97–4.16 (m, 4 H, H-
la,lb, H-6’a,6’b), 4.37 (ddd, Jd,,5 7.4, J5,b1 5.1,
s,,b,~5.9 Hz, 1 H, H-5’), 4.54 (old, J,r,zr3.4, Jz,, 6.1J

Hz, 1 H, H-2’), 4.64 (old, J2,,3 6.1, J~,,q 3.7 Hz, 1 H,
H-3’), 4.87 (d, Jl(,zr 3.4 Hz, 1 H, H-l’), 7.31 (me, 2
H, Ar), 7.77 (me, 2 H, Ar); 34a,b: 8 0.86 (t, J 6.6
Hz, 6 H, CH~), 1.23 (me, 20/28 H, 10/14 CHZ),
1.31, 1.35, 1.41, 1.43 [4 s, 12 H, C(CHj)z], 1.43-1.50
(m, 4 H, OCH,CH,), 2.43 (s, 3 H, ArCH,), 3.30-
3.48 (m, 4 H, OCHZCH2), 3.55 (old, J~,,, 3.9, J,,f
7.6 Hz, 1 H, H-4’), 3.56-3.65 (m, 2 H, H-4a,4b),
3.67-3.73 (m, 1 H, H-2), 3.75-3.80 (m, 1 H, H-3),
4.04 (me, 2 H, H-6’a,6’b), 4.24 (m, 2 H, H-la,lb),
4.40 (ddd, JA(,5,7.8, J~r,Gr.5.7, J5,G~ 5.2 Hz, 1 H,
H-5’), 4.52 (old, J,,, 3.7, J2r,~6.1 Hz, 1 H, H-2’),
4.64 (old, J2,,3, 6.1, J~r~, 3.9 Hz, 1 H, H-3’), 4.38 (d,
J ,,,2, 3.7 Hz, 1 H, H-’l’), 7.31 (me, 2 H, Ar), 7.78
(me, 2 H, Ar). 17a: Anal. Calcd for C,9H,,0,,S
(743.0): C, 63.04; H, 8.95. Found: C, 63.21; H, 9.13.
17b: Anal. Calcd for CL~H,AO,,S (799.1): C, 64.63;
H, 9.33. Found: C, 64.78; H, 9.33. 34a: Anal. Calcd
for C~gHbbO1lS (743.0): C, 63.04; H, 8.95. Found:
C, 63.06; H, 9.37. 34b: Anal. Calcd for CL~HTd012S
(799.1): C, 64.63; H, 9.33. Found: C, 64.41; H, 9.25.

General procedure jor the preparation oj’I-deoxy-
2-0-(2,3:5, 6-di-O-isopropy lidene-@-D-mannoj.iwano-
syl) -1- iodo-3, 4-di-O-octyl-L -erythritol (18a), the
homologous dec.yl compound 18b, and the isomeric
2,4-dialkyl compounds 35a,b.—A mixture of lla,b~
or 28a,b (0.6 mmol), Ph~P (0.33 g, 1.26 mmol), and
triiodoimidazole (0.28 g, 0.63 mmol) in dry toluene
(10 mL) was stirred at 100‘C for 15 h. Then satd aq
NaHCO~ was added at room temperature and stirring
was continued for 15 min. Then Iz was added until
the solution remained brown. Then a little aq 10%
NaHSO~ was added until the mixture became colorl-
ess. Toluene was evaporated in vacuo and the re-
maining aq sc)lution was extracted with light.
petroleum (5 X 40 mL). The combined organic solu-
tions were dried (MgSOd) and concentrated in vacuo.
Column chromatography (4: 1 light petroleum-
EtOAc) of the residue yielded 18a,b or 35a,b (77%)
as a colorless oil; TLC (3:1 light petroleum–EtOAc):
R,+.0.59 (18a), 0.60 (18b), 0.59 (35a), 0.55 (35b):
[a]~ -21.5° (18a), – 19.5° (18b), – 17.9° (35a),
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– 16.3° (35b) (C 1, CHCl~); IH NMR (250 MHz,
CDCl~): 18a,b: 8 0.84 (t, J= 6.5 Hz, 6 H, CH3),
1.24 (me, 20/28 H, 10/14 CH2), 1.32, 1.34, 1.39,
1.48 [4 s, 12 H, C(CH~)2], 1.46-1.55 (m, 4 H,
OCHZCHZ), 3.38 (me, 2 H, OCHaCHz), 3.43-3.54
(m, 6 H, 1/2 OCH,CH2, H-4a,4b, H-3, H-la, H-4’),
3.56-3.74 (m, 3 H, 1/2 OCH..CHZ, H-2, H-lb),
3.96-4.05 (m, 2 H, H-6’a, H-6’b), 4.37 (ddd, .J1,,~,
6.8, J5(e)~5.1, J5,,e)~5.9 Hz, 1 H, H-5’), 4.66 (me, 2
H, H-3’, H-4’), 4.88 (d, Jl,,zr 1.0 Hz, 1 H, H-l’);
35a,b: 8 0.84 (t, J 6.6 Hz, 6 H, CH~), 1.22 (me,
20/28 H, 10/14 CHZ), 1.31, 1.34, 1.40, 1.46 [4 S,
12 H, C(CH~)z], 1.46-1.55 (m, 4 H, OCHZCHZ),
3.26-3.47 (m, 5 H, OCZ42CHZ,H-2), 3.48-3.55 (m,
2 H, H-4a,4b), 3.57 (old, Jyt,b!3.7, .Td,,~t7.5 Hz, 1 H,
H-4’), 3.61–3.66 (m, 2 H, H-la,lb), 3.65–4.69 (m, 1
H, H-3), 4.04 (me, 2 H, H-6’a,6’b), 4.40 (ddd, Ji,,~,
7.4, J5t,6ra5.5, J~,,G,~5.5 Hz, 1 H, H-5’), 4.59 (old,
J~t,zr3.6, Jzt,~t6.0 Hz, 1 H, H-2’), 4.65 (old, Jzt,q,6.0,

~,~, 3.8 Hz, 1 H, H-3’), 4.94 (d, J1,,2,3.6 Hz, 1 H,J
H-’l’). 18a: Anal. Calcd for C~2H~p108 (698.7): C,
55.00; H, 8.51. Found: C, 55.21; H, 8.69. 18b: Anal.
Calcd for C~GHcTIOg(754.8): C, 57.28; H, 8.95.
Found: C, 57.39; H, 9.10. 35a: Anal. Calcd for
C3zH~g108 (698.7): C, 55.00; H, 8.51. Found: C,
55.20; H, 8.54. 35b: Anal. Calcd for C3GH6T108
(754.8): C, 57.28; H, 8.95. Found: C, 57.09; H, 9.01,

2-0- (2,3:5, 6-Di -0- isopropylidene-P-D -manno-
@ranosyl)-l-O-(l l-hydroq-3,6,9-trioxaundecyl)-3,4-
di-O-oc@-L-erythritol (19a), the homologous decyl
compound 19b, and the isomeric 2,4- dialkyl com-
pounds 36a,b.—To a solution of tetraethylene glycol
(0.20 g, 1.03 mrnol) in dry DMF (3 mL) at O“C was
added NaH (24 mg, 1.0 mmol). Then 17a,b or 34a,b
(0.24 mrnol) and tetrabutylammonium iodide (25 mg,
0.06 mmol) were added and the mixture was stirred
at 50 “C for 15 h. Then brine (10 mL) was added at
room temperature and the mixture was extracted with
light petroleum (6 X 20 mL). The combined organic
extracts were dried (MgS04) and concentrated in
vacuo. Column chromatography (14:1 CHzClz-
MeOH) of the residue yielded 19a,b or 36a,b (78%)
as a colorless oil; TLC (9:1 CH2C12–MeOH): R~
0.57 (19a), 0.54 (19b), 0.51 (36a), 0.54 (36b); [~1~
– 12.0° (19a), – 10.2° (19b), – 10.5° (36a), –9.2°
(36b) (c 1, CHC1,); ‘H NMR (250 MHz, CDC1,):
19a: 0.84 (t, J 6.6 Hz, 6 H, CH3), 1.22 (me, 20/28
H, 10/14 CHZ), 1.31, 1.34, 1.40, 1.47 [4 S, 12 H,
C(CH3)Z], 1.51 (me, 4 H, OCH2CH2), 2.43 (br s, 1
H, OH), 3.37 (me, 2 H, OCHzCHa), 3.42–3.47 (m, 1
H, OCFIZCHZ), 3.46 (old, J3t,bt3.5, Jdr,~r7.5 Hz, 1 H,
H-4’), 3.50-3.72 [m, 21 H, H-la, (OCHZCH2)10,

H-3, H-4a,4b, 1/2 OCZY2CHZ],3.75 (old, J1~,z 2.5,
J~a,l~10.6 Hz, 1 H, H-lb), 3.87-3.94 (m, 1 H, H-2),
4.00 (old, J~,,G,,5.0, Jc,,,G,~8.7 Hz, 1 H, H-6’a), 4.06
(old, J,,,,~ 5.8, ~,,,,~ 8.7 Hz, 1 H, H-6’b), 4.37 (ddd,
~,,~,7.5, J~,,cr,5.0, J~/,G,~5.8 Hz, 1 H, H-5’), 4.58

:dd, Jl,, 3.3, Jz,, 6.1 Hz, 1 H, H-2’), 4.64 (old, J2,,
6.1, J3,,4/3.5 Hz, 1 H, H-3’), 4.96 (d, Jlr,z,3.3 Hz, 1
H, H-1’); 36a,b: 80.85 (t, J 6.6 Hz, 6 H, CH3), 1.22
(me, 20/28 H, 10/14 CH,), 1.31,1.34, 1.40, 1.47 [4
s, 12 H, C(CH3)2], 1.50 (me, 4 H, OCHZCHZ),
3.33-3.49 (m, 4 H, OCHZCHZ), 3.52-3.71 [m, 21 H,
H-la,lb, (OCH2CHZ)10, H-2, H-4a,4b], 3.84-3.88
(m, 1 H, H-3), 4.05 (me, H-6’a,6’b), 4,41 (ddd, J,,,,,
7.6, J~/,Gr~5.3> Jy,&b 5.7 Hz, 1 H, H-5’), 4.57 (old,
Jl,,z, 3.6, Jzr,~r6.0 Hz, 1 H, H-2’), 4.65 (old, J2,,3,6.0,

~,~r 3.9 Hz, 1 H, H-3’), 4.92 (d, J1,,2/3.6 Hz, 1 H,J
H-’l’). 19a: Anal. Calcd for CIOHTcOlq (765.0): C,
62.80; H, 10.01. Found: C, 62.68; H, 10.32. 19b:
Anal. Calcd for C14H8iOl~“0.5HZ0 (830.1): C,
63.66; H, 10.32. Found: C, 63.39; H, 10.43. 36a:
Anal. Calcd for CAOH,601~“0.5HZ0 (774.0): C,
62.07; H, 10.03. Found: C, 62.13; H, 10.13. 36b:
Anal. Calcd for CMH8401~ (821.1): C, 64.30; H,
10.31. Found: C, 64.03, H, 10.53.

General procedure for the preparation of diethyl
N-[1 -deoxy-2-O-(2, 3:5,6-di-O-isopropylidene- fl-D-
mannojimanosyl)-3,4-di-O-octyl-L-eqthritol- l-yl]imi-
nodiacetate (20a), the homologous decyl compound
20b, and the isomeric 2,4-dial~l compounds 37a,b.
—To a solution of diethyl iminodiacetate (0.25 g, 1.3
rnmol) in dry N-methyl-2-pyrrolidone (0.25 mL) was
added NaH (25 mg, 1.04 mol). After 30 min 18a,b or
35a,b (0.34 mmol) was added and stirring was con-
tinued at 65 “C for 7 days. Then water (10 mL) was
added and the mixture was extracted with EtOAc
(6X 10 rnL). The combined organic extracts were
dried (MgS04) and concentrated in vacuo. Column
chromatography (3: 1 light petroleum-EtOAc) of the
residue yielded 20a,b or 37a,b (7790) as a colorless
oil; TLC (3:1 light petroleum-EtOAc): R~ 0.24 (20a),
0.31 (20b), 0.24 (37a), 0.30 (37b); [a]~ –3.0° (20a),
– 1.8°(20b), –7.0° (37a), –6.5°(37b) (c 1, CHCl~);
IH NMR (250 MHz, CDC13):20a,b: 80.85 (t, J 6.6
Hz, 6 H, CH~), 1.23 (me, 20/28 H, 10/14 CH2),
1.20–1.26 (m, 6 H, OCHzCHq), 1.31, 1.35, 1.40,
1.46 [4 s, 12 H, C(CH3)2], 1.45 (me, 4 H,
OCHzCHa), 2.82 (old, J1a,28.6, Jl,,lb 14.6 Hz, 1 H,
H-la), 3.12 (old, Jlb,z 2.2, J1,,l~ 14.6 Hz, 1 H, H-lb),
3.37 (me, 2 H, OCHZCH2), 3.45 (old, J3,,A,3.7, Jq,,5,
7.3 Hz, 1 H, H-4’), 3.41–3.53 (m, 3 H, OCH2CHZ,
H-4a, H-3), 3.58 (s, 4 H, NCHzCOOC2H~), 3.58-
3.66 (m, 2 H, OCHZCH2, H-4b), 3.75-3.80 (m, 1 H,
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H-2), 4.03 (me, 2 H, H-6’a,6’b), 4.11 (q, J 7.1 Hz, 4
H, OCH2CH~), 4.37 (ddd, J4r,5r7.3, J~,br35.1, J5r,cr~
5.9 Hz, I H, H-5’), 4.59 (old, Jlr,z, 3.7, Jzr,qr5.9 Hz, 1
H, H-2’), 4.64 (old, Jz,,~r5.9, J~,qr3.7 Hz, 1 H, H-3’),
5.09 (d, J),2 3.7 Hz, 1 H, H-l’); 37a,b: 80.82 (t, J
6.6 Hz, 6 H, CH~), 1.20 (m, 20/28 H, 10/14 CH,),
1.17-1.21 (m, 6 H, OCH~CH~), 1.28, 1.32, 1.38,
1.44 [4 s, 12 H, C(CH~)2], 1.39-1.53 (m, 4 H,
OCH2CHZ), 2.93 (old, Jl,,z 5.9, J1~,l~13.7 Hz, 1 H,
H-la), 3.05 (old, Jlb,z 2.9, J1,,l~ 13.7 Hz, 1 H, H-lb),
3.31-3.47 (m, 4 H, OCHZCH2), 3.50 (old, J~,,t 3.7,
~r,5r 8.1 Hz,J 1 H, H-4’), 3.56 (S, 4 H,

NCHZCOOC, H5), 3.53-3.63 (m, 3 H, H-4a,4b, H-2),
3.88–3.99 (m, 1 H, H-3), 4.00-4.03 (m, 2 H, H-
6’a,6’b), 4.06 (q, J 7.2 Hz, 4 H, OCH,CH~), 4.37
(old, Jdr,,r8.1, J,,br, 5.1, J5r,6rb5.8 Hz, 1 H, H-5’),
4.52 (old, J,,, 3.7, J,r,q,5.9 Hz, 1 H, H-2’), 4.61 (old,
J~r,~t5.9, JBt,bt3.7 Hz, 1 H, H-3’), 4.96 (d, J,,,, 3.7
Hz, 1 H, H-l’). 20a: Anal. Calcd for CAOHTqN012
(760.0): C, 63.21; H, 9.68; N, 1.84. Found: C, 63.54;
H, 9.84; N, 1.80. 20b: Anal. Calcd for CddHxlNO1z
(816.1): C, 64.75; H, 10.00; N, 1.72. Found: C,
64.82; H, 10.32; N, 1.30. 37a: Anal. Calcd for
CJtJH7~N01z (760.0): C, 63.21; H, 9.68; N, 1.84.
Found: C, 62.89; H, 9.62; N, 1.30. 37b: Anal. Calcd
for CdqH81N0,, (816.1): C, 64.75; H, 10.00; N,
1.72. Found: C, 64.44; H, 10.03; N, 1.30.

General procedurejbr the preparation of 1-0-( 11-
h~’droxy-3,6,9- trioxaundecyl) - 2-0- (~- D- F?2a72nO-
furanosyl) -3, 4-di-O- octyl-L-erythritol (21a), the
homologous decyl compound (21b), and the isomeric
2,4-dialkyl compounds 38a,b.—A mixture of 19a,b
or 36a,b (O.18 mmol) and p-toluenesulfonic acid (60
mg, 0.31 mmol) in MeOH (5 mL) and water (1 mL)
was stirred until the reaction was completed. After
neutralization with solid NaHCO~ the solution was
concentrated in vacuo. Column chromatography (9:1
CH2Clz–MeOH) yielded 21a,b or 38a,b (96%) as a
colorless oil; TLC (9: 1 CHzClz–MeOH): Rf 0.24
(21a), 0.25 (21b), 0.22 (38a), 0.24 (38b); [~1~
– 27.0° (21a), – 25.3° (21b), –42.5° (38a), –38.3°
(38b) (c 1, MeOH); ‘H NMR (250 MHz, CDC1,):
21a,b: 8 0.84 (t, J 6.6 Hz, 6 H, CH~), 1.22 (me,
20/28 H, 10/14 CHZ), 1.48–1.53 (m, 4 EL
OCH2Cliz), 3.27-3.42 (m, 2 H, OCHZCHZ), 3.43-
3.51 (m, 3 H, H-4a,4b, H-3), 3.52-3.69 [m, 20 H,
H-la,lb, O(CHZCHZ)AO, H-4a,4b], 3.72–3.81 (m, 2
H, H-6’a, H-6’b), 3.91-3.96 (m, 2 H, H-2, H-4’),
3.98–4.03 (m, 2 H, H-2’, H-5’), 4.19 (old, Jz,~ = J~,d
= 4.8 Hz, 1 H, H-3’), 5.09 (d, J,,,, 4.6 Hz, 1 H,
H-l’); 38a,b: 8 0.82 (t,J 6.5 Hz, 6 H, CH~), 1.22
(me, 20/28 H, 10/14 CH2), 1.47-1.54 (m, 4 H,

OCHZCHZ), 2.92 (br s, 5 H, OH), 3.31-3.49 (m, 4
H, OCHZCHZ), 3.52–3.68 [m, 21 H, H-la,lb,
O(CH,CH,),O, H-4a,4b, H-2], 3.76-3.81 (m, 3 H,
H-3, H-6’a,6’b), 3.98–4.05 (m, 3 H, H-2’, H-4’,
H-5’), 4.17 (old, J2,3, = J~r,4= 4.7 Hz, 1 H, H-3’),
5.06 (d, JI,,2, 4.2 Hz, 1 H, H-l’); 21a: Anal. Calcd for
C~dHGgO1~~0.5H20 (693.8): C, 58.58; H, 10.02.
Found: C, 58.79; H, 10.22. 21b: Anal. Calcd for
C~gH7b01~(741.0): C, 60.13; H, 10.36. Found: C,
60.35; H, 10.34. 38a: Anal. Calcd for C~AHbxOIJ
(684.9): C, 59.62; H, 10.01. Found: C, 59.12; H,
10.04. 38b: Anal. Calcd for C~8H,fi01~ (741.0): C,
60.13; H, 10.36. Found: C, 60.30; H, 10.42.

General procedure for the preparation of diethyl
N-[1-deox}-2-O-(fl-D-mannofuranosy/)-3,4-di-O-octyl-
L-erythritol -1-yl]iminodiacetate (22a), the homok~-
gous decyl compound 22b, and the isomeric 2,4-
dialkyl compounds 39a,b.—A solution of 20a,b or
37a,b (O.1 mmol) in MeOH (5 mL) and 1 M aq HC1
(1 mL) was stirred until the reaction was completed.
Then the solution was neutralized with satd aq
NaHCO~ and concentrated in vacuo. Column chro-
matography (9:1 CHzClz–MeOH) of the residue
yielded 22a,b or 39a,b (82%) as colorless oils. TLC
(9:1 CH,Cl,-MeOH): R+ 0.49 (22a), 0.52 (22b),
0.50 (39a), 0.52 (39b); [a]~ –24.5° (22a), –23.2”
(22b), –44.2° (39a), –42.5° (39b) (c 1, CHC1,); ‘H
NMR (250 MHz, CDCl~): 22a,b: 8 0.84 (t, J 6.6
Hz, 6 H, CH~), 1.22 (me, 20/28 H, 10/14 CH,),
1.21–1.25 (m, 6 H, OCHzCHq), 1.50 (me, 4 H,
OCH2CH,), 2.72 (old, J,,,~ 9.5, Jld,[b 13.9 Hz, 1 H,
H-la), 3.00 (old, Jlb,2 2.9, J1.,l~ 13.9 Hz, 1 H, H-1b),
3.33-3.40 (m, 3 H, OCHZCH2, H-4a), 3.42-3.48
(m, 1 H, H-4b), 3.52, 3.55 (2 s, 4 H.
NCHZCOOCZH5), 3.49–3.63 (m, 5 H, OCHZCHZ.
H-3), 3.75 (me, 2 H, H-6’a,6’b), 3.80–3.85 (m, 1 H,
H-2), 3.94 (old, J3r,4, 5.1, Jqr,5r5.9 Hz, 1 H, H-4’),
4.01 (old, Jl,z, 4.4, J2r,~,5.1 Hz, 1 H, H-2’), 4.06
(ddd, J1,5 5.9, J,,,b,, 6.6, J5r,cb 6.6 Hz, 1 H, H-5’),
4.13 (q, J 7.3 Hz, 4 H, OCHzCH~), 4.19 (old.
J2’,3’ = J3<,4= 5.1 Hz, 1 H, H-3’), 5.12 (d, J,,,z, 4.4
Hz, 1 H, H-l’); 39a,b: 8 0.84 (t, J 6.5 Hz, 6 H,
CH~), 1.22 (me, 20/28 H, 10/14 CHZ), 1.19-1.29
(m, 6 H, OCH2CH,), 1.44-1.56 (m, 4 H,
OCH2CH2), 2.81 (old, J1:,,24.7, J,,,,~ 14.3 Hz, 1 H,
H-la), 3.12 (old, J1~,22.9, J1.,l~ 14.3 Hz, 1 H, H-1b).
3.22-3.58 (m, 5 H, OCH2CHZ, H-2), 3.57, 3.58 (2 s,
4 H, NC HzCOOCq H5), 3.54-3.73 (m, 2 H, H-4a,4b),
3.76-3.86 (m, 2 H, H-6’a,6’b), 3.91–3.95 (m, 2 H,
H-3, H-2’), 3.98–4.05 (m, 1 H, H-4’), 4.06–4.12 (m,
1 H, H-5’), 4.11 (q, J 7.2 Hz, 4 H, OCHzCH~), 4.16
(old, Jzr,qr5.1, J,,,dr5.3 Hz, 1 H, H-3’), 5.16 (d, J,,,
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4.5 Hz, 1 H, H-l’). 22a: Anal. Calcd for C~iHG~N012
(679.9): C, 60.06; H, 9.64; N, 2.06. Found C, 60.47;
H, 9.24; N, 2.13. 22b: Anal. Calcd for C38HT~N012
(736.0): C, 62.01; H, 10.00; N, 1.90. Found: C,
61.68; H, 10.19; N, 2.00. 39a: Anal. Calcd for
CqAHb~NOlz (679.9): C, 60.06; H, 9.64; N, 2.06.
Found: C, 60.10; H, 9.54; N, 2.30. 39b: Anal. Calcd
for C38HT3NOIZ (736.0): C, 62.01; H, 10.00; N,
1.90. Found: C, 62.02; H, 10.06; N, 1.79.

General procedure for the preparation of N-[I -
deoxy-2-O-( @D-mannofuranosyl) -3,4-di- O-OCtyl-L-
erythritol-1-yl]iminodiaceticacid hydrochloride (23a),
the homologous decyl compound 23b, and the iso-
nzeric diakyl compounds 40a,b.—To a solution of
22a,b or 39a,b (0.2 mmol) in MeOH (3 mL) and
water (1.5 rnL) was added NaOH (0.32 g, 8.0 mmol).
The mixture was stirred until the reaction was com-
pleted. After concentration in vacuo 4 M HC1 was
added to give pH 3.5. Reversed-phase column chro-
matography (RP 18, 7:1 MeOH–water) and lyophili-
zation from water yielded 23a,b or 40a,b (86%) as a
colorless powder; TLC (RP 18, 7:1 MeOH–water):
Rf 0.56 (23a), 0.54 (23b), 0.37 (40a), 0.34 (40b);
[a]~ – 19.0” (23a), – 18.0° (23b), –31.8° (40a),
–28.3° (40b) (c 1, MeOH); IH NMR (250 MHz,
CDCl~): 23a,b: 80.89 (t, J 6.5 Hz, 6 H, CH~), 1.29
(m, 20/28 H, 10/14 CH,), 1.55 (m, 4 H,
OCHZCH2), 3.34-3.48 (m, 3 H, OCZ7ZCHZ),3.53-
3.77 (m, 10 H, H-la,lb, NC HZCOOH, 1/2
OCH2CHZ, H-3, H-4a,4b), 3.81–3.91 (m, 3 H, H-4’,
H-6’a,6’b), 3.98 (me, 1 H, H-5’), 4.07 (me, 1 H,
H-2), 4.21 (me, 2 H, H-2’, H-3’), 5.08 (d, .lI,,z 4.6
Hz, 1 H, H-l’); 40a,b: 8 0.89 (t, J 6.6 Hz, 6 H,
CHq), 1.28 (me, 20/28 H, 10/14 CHZ), 1.60 (me, 4
H, OCHZCIIZ), 3.34–3.69 (m, 9 H, H-la,lb,
OCFZZCHZ, H-4a,4b, H-6’a), 3.75–3.82 (m, 1 H,
H-6’b), 3.82 (m, 4 H, NCH2COOH), 3.87-4.03 (m,
4 H, H-3, H-2, H-4’, H-5’), 4.17 (old, Jl,,zr= J2r,q7=
4.8 Hz, 1 H, H-2’), 4.22 (old, Jzr,~,4.8, J~,,l, 3.8 Hz,
1 H, H-3’), 5.16 (d, Jl,z, 4.7 Hz, 1 H, H-l’). 23a:
Anal. Calcd for CqOH~8ClNOlz(664.3): C, 54.24; H,
8.92; N, 2.00. Found: C, 54.44; H, 8.77; N, 2.08.
23b: Anal. Calcd for CqAHGcClN012“ 0.5Ha0
(725.4): C, 56.30; H, 9.21; N, 1.93. Found: C, 56.27;
H, 9.29; N, 2.01. 40a: Anal. Calcd for C~OH~TNOlz
(623.8): C, 57.76; H, 9.21; N, 2.24. Found: C, 57.39;
H, 9.42; N, 2.45. 40b: Anal. Calcd for
C~lHbGCINO1z“1.5HZ0 (743.4): C, 54.93; H, 9.36;
N, 1.85. Found C, 54.88; H, 9.09; N, 1.88.

l-O-Benzyl-2,4-di-O-octyl-D-threitol (25a) and the
homologous decyl compound 25b.—To a solution of
1,3-0-benzylidene-2,4-di-0-octyl-D-threitol [6] (24a)

or the homologous decyl compound [6] 24b in dry
n-hexane–diethyl ether (70 mL, 6:1) was added
LiAIH1 (1.20 g, 31.6 mmol). After cooling to –20
‘C a solution of AICl~ (3.70 g, 27.7 mmol) in dry
diethyl ether (20 mL) was added dropwise during
several hours to keep the solution cold. When the
reaction was finished a little EtOAc was added. Then
M HZSOA was added dropwise until two layers
formed. The aq layer was extracted with diethyl ether
(2X 60 rnL), and the combined organic layers were
washed with satd aq NaHC03, dried (MgSOA), and
concentrated in vacuo to yield 25a or 25b (97%) as a
colorless oil. For analytical purpose a small amount
of the crude product was purified by flash chro-
matography (6:1 light petroleum–EtOAc); TLC (6:1
light petroleum-EtOAc): R~ 0.29 (25a), 0.29 (25b);
[a]D -9.0° (25a), –7.5° (25b) (c 1, CHCl~); ‘H
NMR (250 MHz, CDClq): 80.86 (t, J 6.6 Hz, 6 H,
CHq), 1.26 (me, 20/28 H, 10/14 CHZ), 1.50-1.55
(m, 2 H, OCH2CH,), 2.72 (s, 1 H, OH), 3.41 (me, 2
H, OCHZCHZ), 3.43–3.58 (m, 5 H, H-4a,4b, H-2,
H-la,lb), 3.61-3.70 (m, 2 H, OCHZCHZ), 3.82-3.88
(m, 1 H, CHOH), 4.50, 4.55(2 d, J,~~ 12.0 Hz, 2 H,
CH2Ph), 7.25-7.31 (m, 5 H, Ph). 25a: Anal. Calcd
for CzTH1~O~”0.25HZ0 (441.2): C, 73.50; H, 11.08.
Found: C, 73.50; H, 11.40. 25b: Anal. Calcd for
C31H~G01(492.8): C, 75.50; H, 11.46. Found: C,
73.49; H, 11.45.

The experimental details for 26a,b: see 7a,b.
The experimental details for 27a,b: see IOa,ba
and ~.
The experimental details for 28a,b: see lla,b~.
The experimental details for 29a,b: see 12a,b.
The experimental details for 30a,b: see 13a,b.
The experimental details for 31a,b: see 14a,b.
The experimental details for 32a,b: see 15a,b.
The experimental details for 33a,b: see 16a,b.
The experimental details for 34a,b: see 17a,b.
The experimental details for 35a,b: see 18a,b.
The experimental details for 36a,b: see 19a,b.
The experimental details for 37a,b: see 20a,b.
The experimental details for 38a,b: see 21a,b.
The experimental details for 39a,b: see 22a,b.
The experimental details for 40a,b: see 23a,b.
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