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ABSTRACT

Condensation of (3R)-3-levulinoyloxydecanoic acid (16) with methyl (3R)-3-
hydroxydecanoate (13) afforded, after selective delevulinoylation, methyl (3R)-3-
[(3R)-3-hydroxydecanolyloxyldecanoate (18). Boron trifluoride etherate-promoted
coupling of 3,4-di-O-benzyl-2-O-chloroacetyl-a-L-rhamnosyl fluoride (11) with 18
vielded exclusively an a-glycoside 19, which, after removal of the chloroacetyl
group, coupling with 11, and removal of the protecting groups, afforded the title
rhamnolipid 1.

INTRODUCTION

Pseudomonas aeruginosa produces rhamnolipids which are mainly released
extracellularly during the stationary growth phase or conditions that are growth-
limiting~%. These rhamnolipids are reported to be bactericidal, mycoplasmacidal,
and antiviral’, and play a possible role in the pathogenesis of Pseudomonas in-
fections®*, One of the rhamnolipids has been identified® as methyl 3-[3-2-O-a-1-
rhamnopyranosyl-a-L-rhamnopyranosyloxy)decanoyloxyldecanoate (1) and we now
report a convenient synthesis of 1, containing (3R)-3-hydroxydecanoic acid residues.

RESULTS AND DISCUSSION

The strategy adopted for the synthesis of 1 involved (@) the preparation of the
glycosyl donor 11, which allowed stereoselective formation of the required a-glyco-
sidic bonds and selective deblocking of HO-2, (b) the preparation of the lipid
aglycon 18, and (c) the coupling of 11 to 18 and 20.

The ester function at position 2 in 11 was selected because it should promote
the formation of the 1,2-trans glycosidic linkage®. An acetyl group, as used by
Bundle and co-workers’, is not suitable since the lipid moiety of 1 contains two ester
functions which will react under the conditions necessary for O-deacetylation.
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Therefore, the chloroacetyl group was selected since it can be removed under neutral
conditions and, to our knowledge, does not decrease the reactivity of the glycosyl
donor during coupling reactions®.

Treatment of 2,3,4-tri-O-acetyl-a-L-rhamnosyl fluoride® (2) with allyl. alcohol
in the presence of boron trifluoride etherate'® afforded the allyl glycoside 3.
Zemplén deacetylation of 3 followed by acid-catalysed reaction of the product 4
with benzaldehyde dimethyl acetal gave 5. Synthesis of 4 by the Fischer procedure is
more straightforward, but the route selected was used to determine whether a rham-
nopyranosyl fluoride would suppress the formation of orthoester under Koenigs-
Knorr-like conditions!!''2. Benzylation of 5 afforded crystalline allyl 4-O-benzyl-
exo-2,3-0O-benzylidene-a-L-rhamnopyranoside (6, 72% from 2). Hydrogenolysis of
the exo-2,3-benzylidene acetal of 6 with LiAIH,-AICl; yielded the 3,4-di-O-benzyl
derivative'* 7, which, with chloroacetic anhydride in the presence of sodium hydro-
gencarbonate'*, furnished the chloroacetate 8 (71% from 6). Iridium(I)-catalysed
isomerisation'” of the allyl glycoside 8 afforded the prop-1-enyl glycoside 9, hydro-
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lysis'® of which followed by treatment with diethylaminosulfur trifluoride
(DAST)'7 gave the glycosyl fluoride 11 (64% of a 2:1 af-mixture). On the other
hand, treatment of the 1-acetate 10 with hydrogen fluoride in pyridine'® gave exclu-
sively the a-rhamnosyl fluoride 11 (81% islolated yield).
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The lipid moiety 18 was obtained from optically pure (3R)-3-hydroxydecanoic
acid'® (12). Treatment of 12 with diazomethane afforded the methyl ester 13.
Reaction of 12 with phenylacetyl bromide in the presence of triethylamine yielded
14, which was reacted?® with levulinic (4-oxopentanoic) anhydride?! in pyridine in
the presence of 4-dimethylaminopyridine to give 15. Removal of the phenylacetyl
group from 15 with activated zinc dust®? in acetic acid afforded 16, which was
condensed with 13 in the presence of di-isopropylcarbodi-imide and 4-dimethyl-
aminopyridine?® to give methyl (3R)-3-[(3R)-3-levulinoyloxydecanoyloxyldecanoate
(17, 60% from 12). Selective removal of the levulinoyl group from 17 with hydrazine
in pyridine-acetic acid afforded the 3' -hydroxy compound 18.
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Boron trifluoride etherate-promoted coupling of 18 with 11 gave the glycoside
19 (83% isolated yield). The exclusive formation of an a-glycosidic bond was con-
firmed by "*C- and 'H-n.m.r. spectroscopy. The Jc ;. value (170 Hz) for the
anomeric carbon is characteristic?* of an a-L-rhamnopyranoside. Selective removal
of the chloroacetyl group from 19 with hydrazine dithiocarbonate® afforded 95% of
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20, which was condensed with 11 as for 18 to give 80% of the rhamnolipid derivative
21. Treatment of 21 with hydrazine dithiocarbonate removed the chloroacetyl group
and hydrogenolysis (Pd/C) furnished 1 as a waxy solid, the identity and homogene-
ity of which were established by '*C- and 'H-n.m.r. spectroscopy. The following
BC-resonances are particularly relevant: C-1 and C-1' at 99.40 and 103.87 p.p.m.,
the low-field resonance at 80.13 p.p.m. which is characteristic?® 2 for C-2, and the
resonances at 75.51, 74.02, and 73.67 p.p.m. which are assigned to C-4, C-3’, and
C-4’, respectively.
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T.l.c. was performed on Silica Gel F 15001.S254 (Schieicher & Schiill), with
detection by charring with sulfuric acid or by spraying with 1% potassium per-
manganate in aqueous 5% potassium carbonate for compounds containing an
alkenic component. Column chromatography was carried out on Kieselgel 60
(Merck, 230-400 mesh). Evaporations were performed at 40° under reduced pres-
sure. Optical rotations were measured at 20° with a Perkin-Elmer 241 polarimeter.
N.m.r. spectra (internal Me,Si) were recorded with a Jeol INM-FX (*3C, 50.1 MHz,
internal Me,Si or MeOH) or Bruker WM-300 spectrometer equipped with an
ASPECT-2000 computer ('H, 300 MHz, internal Me,Si).

Allyl 2,3,4-tri-O-acetyl-a-L-rhamnopyranoside (3). — To a stirred solution of
29 (13.25 mmol) and allyl alcohol (20 mmol) in dichloromethane (50 mL) containing
molecular sieves (4 A, 15 g) was added, dropwise, boron trifluoride etherate
(1.55 mL) at room temperature. The mixture was stirred for 20 min, diluted with
dichloromethane (50 mL), filtered, washed with aqueous sodium hydrogenencarbo-
nate (50 mL) and water (50 mL), dried (MgSO,), and concentrated. Column chro-
matography (dichloromethane-acetone, 100:0— 98:2) of the residue gave 3 as a
colourless oil (4.28 g, 98%), [alp —53° (c 1.4 chloroform), R, 0.42 (97:3 dichloro-
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methane-acetone). N.m.r. data (CDC1,): 'H, 6 3.90 (m, 1 H, J, 5 9.8 Hz, H-5), 4.78
(d, 1 H, J,» 1.6 Hz, H-1), 5.07 (dd, 1 H, J3 4 10 Hz, H-4), 5.32 (dd, 1 H, H-3), 5.88
(cm, 1 H, CH=CH,); 'C, 8 17.37 (C-6), 20.70, 20.79, 20.91 (3 COCH,), 96.48
(C-1), 69.40, 117.36, 133.77 (allyl).

Allyl exo-2,3-O-benzylidene-a-L-rhamnopyranoside (5) and the 4-O-benzyl
derivative (6). — To a solution of 3 (2.74 g) in dry methanol (20 mL) was added
potassium zert-butoxide (15 mg), and the mixture was stirred for 30 min at room
temperature, then neutralised with Dowex SOW (H ™) resin (100-200 mesh), filtered,
and concentrated. A solution of the residue 4 in dry N,N-dimethylformamide (25
mL) was stirred with benzaldehyde dimethyl acetyl (2.25 mL) and toluene-p-sulfonic
acid (10-20 mg) for 2 h, then neutralised with triethylamine, and concentrated.
Column chromatography (3—5% acetone in dichloromethane) of the residue
gave 5 (2.20 g, 91%). [alp —75° (c 1, chloroform). '"H-N.m.r. data (CDCl;); 6
1.355 (d, 3 H, Jsg 6.2 Hz, Me-5), 3.571 (dd, 1 H, J54 7.3, Jus 9.3 Hz, H-4),
3.756 (m, 1 H, H-5), 4.157 (d, 1 H, J,3 5.3 Hz, H-2), 4.416 (dd, 1 H, H-3), 5.062
(s, 1 H, H-1), 5.878 (m, 1 H, CH=CH,), 6.124 (s, 1 H, CHPh), 6.902-7.231
(m, 5 H, Ph).

Treatment of § (2.1 g, 7.19 mmol) with sodium hydride/benzyl bromide in
N, N-dimethylformamide (20°, 3 h) gave a 90% yield of 6, [a]p —75° (c 1, chioro-
form), R, 0.77 (95:5 dichloromethane-acetone). '"H-N.m.r. data (CDCl,): & 1.334 (d,
3 H, Js5,6 6.3 Hz, Me-5), 3.337(dd, 1 H, J5 4 7.2, J45 9.8 Hz, H-4), 3.787 (m, 1 H,
H-5), 4.166 (d, 1 H, J>3 5.5 Hz, H-2), 4.626 (dd, 1 H, H-3), 4.691-4.981 (AB,
CH,Ph), 5.042 (s, 1 H, H-1), 5.886 (m, 1 H, CH=CH,), 6.011 (s, 1 H, CHPh),
7.38-7.26 (10 H, 2 Ph).

Allyl 3,4-di-O-benzyl-a-L-rhamnopyranoside (7). — To a solution of 6 (2.4 g,
6.28 mmol) in a mixture of dry ether and dichloromethane (30 mL, 1:1) was added
lithium aluminium hydride (8 mmol), and the mixture was heated to reflux. A so-
lution of aluminium chloride (8 mmol) in dry ether (15 mL) was added dropwise and
stirring was continued under reflux for 30 min. The mixture was cooled, and
methanol was added, followed by water until precipitation was complete. The mix-
ture was filtered, diluted with dichloromethane (100 mL), washed with water (3 x 50
mL), dried (MgSQO,), and concentrated. Colomn chromatography (1 — 3% of ace-
tone in dichlomethane) of the residue afforded 7 (1.90 g, 79%), [alp —35° (¢ 1,
chloroform), R, 0.45 (95:5 dichloromethane-acetone). N.m.r. data (CDCly): 'H, &
1.304 (d, 3 H, Js ¢ 6.2 Hz, Me-5),2.505(d, 1 H, OH),3.426 (t, 1 H, J; 4 = J4, 5 = 9.3
Hz, H-4), 3.742 (m, 1 H, H-5), 3.852 (dd, 1 H, J»3 3.4 Hz, H-3), 4.032 (m, 1 H, J, >
1.7 Hz, H-2), 4.846 (d, 1 H, H-1), 7.27-7.33 (m, 10 H, 2 Ph); '3C, & 17.87 (C-6),
67.31, 67.80, 68.53, 71.69, 75.37, 79.77, 79.92 (C-2/5, CH,Ph, CH,~CH>=), 98.08
(C-1), 113.91-138.41 (Ph), 117.36 (CH,=), 133.77 (CH=).

Allyl 3,4-di-O-benzyl-2-O-chloroacetyl-a-L-rhamnopyranoside (8). — A sus-
pension of 7 (4.7 mmol), chloroacetic anhydride (1.5 g), and sodium hydrogencarbo-
nate (0.7 g) in N,N-dimethylformamide (50 mL) was stirred for 2 h at room tem-
perature, then diluted with dichloromethane (75 mL), washed with aqueous 10%
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sodium hydrogencarbonate (25 mL) and water (25 mL), dried (MgSQO,), and concen-
trated. Column chromatography (dichloromethane) of the residue gave 8 (1.94 g,
90%), [a]lp —41° (c 1, chloroform), R, 0.52 (dichloromethane-acetone, 97:3).
N.m.r. data (CDCl3): 'H, & 1.328 (d, 3 H, Js5 ¢ 6.2 Hz, Me-5), 3.401 (t, 1 H, J5 4 =
Jss = 9.5 Hz, H-4), 3.786 (m, 1 H, H-5), 3.90-4.17 (m, 5 H, CH,-CH =, H-3,
CH,Cl), 4.64 (AB, CH,Ph), 4.70 (AB, CH,Ph), 4.796 (d, 1 H, J;, 1.8 Hz, H-1),
5.15-5.20 (m, 2 H, CH,=CH), 5.443 (dd, 1 H, J,; 3.3 Hz, H-2), 5.88 (m, 1 H,
CH=CH,, 7.25-7.35 (m, 10 H, 2 Ph); °C, 6 17.76 (C-6), 40.71 (CH,CI), 67.68
(C-5), 67.86 (CH,-CH =), 70.66 (C-2), 71.77, 75.25 (2 CH.Ph), 77.79 (C-3), 79.66
(C-4), 96.13 (C-1), 117.62 (CH=CH,), 127.55-128.19, 137.62, 138.15 (Ph), 133.15
(~CH = CH,), 166.62 (C=0).

Anal. Calc. for C,sH»9ClO,: C, 65.1; H, 6.3. Found: C, 64.9; H, 6.3.

Prop-1-enyl 3,4-di-O-benzyl-2-O-chloroacetyl-a-L-rhamnopyranoside (9). —
To a solution of 8 (4.23 mmol) in tetrahydrofuran (20 mL, freshly distilled from
lithium aluminium hydride) was added 1,5-cyclo-octadienebis[methyldiphenylphos-
phine]iridium hexafluorophosphate (5 mg). The stirred solution was degassed,
placed under hydrogen for 2 min, degassed, and placed under nitrogen. After 2 h, the
solvent was evaporated and the catalyst was removed by short-column chromato-
graphy (dichloromethane), to give 9 (quantitative), R 0.56 (97:3 dichloromethane-ace-
tone). N.m.r. data (CDCL): 'H, 6 1.501 (dd, 3 H, =CH-CH5), 5.105 (dq, / 12.3 and
6.2 Hz, -CH-CH,), 6.186 (dq, J 12.3 and 1.3 Hz, OCH-=); "*C, 6 12.31, 104.82,
143.81 (3 C, prop-i-enyl).

1-0-Acetyl-3,4-di-O-benzyl-2-O-chloroacetyl-L-rhamnopyranose (10). — A
solution of 9 (1.84 g) in aqueous 90% acetone (15 mL) was stirred for 2 h in the
presence of mercury(Il) oxide (4.28 mmol) and mercury(II) chioride (4.28 mmol).
The mixture was filtered through Celite, diluted with dichloromethane (50 mL),
washed with aqueous potassium iodide (4 X 25 mL) and water (25 mL), dried
(MgSQy,), and concentrated. The residue was stirred with pyridine (20 mL) and Ac,0O
(10 mL) for 16 h at 25°, and then concentrated in vacuo. Column chromatography
(97:3 dichloromethane-acetone) of the residue gave 10 (1.61 g, 87%), R, 0.48 (97:3
dichloromethane-acetone). '>C-N.m.r. data (CDCl3): & 17.55 (C-6), 20.33 (CH3),
40.33 (CH,CI), 69.15, 69.58 (C-2,5), 71.54 (CH,Ph), 75.01 (CH,Ph), 77.06 (C-3),
78.75 (C-4), 90.23 (C-1), 127.37-127.95, 137.15, 137.71 (Ph), 166.05, 167.93 (2
C=0).

3,4-Di-O-benzyl-2-O-chloroacetyl-a-v-rhamnopyranosyl fluoride (11). — A
solution of 70% HF in pyridine (1.7 mL) at 0° was added to a solution of 10 (0.775
g, 1.68 mmol) in dichloromethane (2 mL). The mixture was kept for 2 h at 20°, then
poured into ice-cold M potassium fluoride (25 mL), and extracted with dichloro-
methane (2 x 50 mL). The combined extracts were dried (Na,SO4) and concen-
trated. Column chromatography (1:1 ether-light petroleum) of the residue afforded
11 (0.667 g, 94%), [alp +3.8° (¢ 1, chloroform), R, 0.63 (1:1 ether-light petro-
leum). N.m.r. data (C¢Dg): 'H, & 1.356 (d, 3 H, Js 6 6.2 Hz, Me-5), 3.69 (m, 3 H,
H-4, CH,Cl), 4.082 (dd, 1 H, J> 3 3.2, J34 9.3 Hz, H-3), 4.194 (m, 1 H, H-5), 5.531
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(dd, 1 H, J, 2 49.1, J1» 1.8 Hz, H-1), 5.701 {dd, 1 H, J,; 3.2 Hz, H-2), 7.25-7.38
(m, 10 H, 2 Ph); 1*C (CDCl), § 16.75 (C-6), 39.58 (CH,Cl), 67.96 (d, J> 5 41.0 Hz,
C-2), 69.29 (d, Jsr 2.9 Hz, C-5), 71.1, 74.40 (2 CH,Ph), 75.96 (d, J5 5 2.2 Hz, C-3),
77.66 (C-4), 103.81 (d, Jy r 219.1 Hz, C-1), 126.77-127.41, 136.34, 136.96 (2 Ph),
165.43 (COCH,CI).

Anal. Calc. for CooH4CIFOQs: C, 62.5; H, 5.7. Found: C, 62.4; H, 5.7.

Methyl (3R)-3-hydroxydecanoate (13). — A M solution of diazomethane in
dichloromethane (10.5 mL) was added dropwise to a solution of 12 (1.88 g, 10
mmol) in dichloromethane. After 5 min, acetic acid (0.5 mL) was added, the mixture
was concentrated, and toluene was evaporated twice from the residue. Column
chromatography (dichloromethane) of the residue gave 13 (1.96 g, 97%), lalp — 20°
(¢ 1, chloroform), R. 0.64 (95:5 dichloromethane-methanol). *C-N.m.r. data
(CDClL): & 13.52 (CHjy), 22.19, 25.08, 28.82, 29.08, 31.39, 36.38 [(CHjy)s-1, 41.23
{Cw), 51.10 (OCH,), 67.54 (CB), 172.80 (CO).

Phenacyl (3R)-3-hydroxydecanoate (14). — To a solution of 12 (3 g, 15.9
mmol) and phenylacyl bromide (3.58 g, 18 mmol) in ethyl acetate (100 mL) was
added, dropwise, triethylamine (5.5 mL). After stirring for 3.5 h, the mixture was
filtered, extracted with water, dried (MgSOy), and concentrated. Column chromato-
graphy (2—»5% acetone in dichloromethane) of the residue gave 14, R, 0.46 (95:5
dichloromethane-methanol). *>*C-N.m.r, data (CDCl1): & 13.90 (CHa), 22.54, 25.49,
29.14, 29.38, 31.68, 36.47 [-(CH,)s-1, 42.02 (Ca), 65.90 (CH,COPh), 68.33 (C3),
127.72, 128.80, 133.70, 134.06 {Ph), 171.84 (CO), 192.46 (COPh).

Phenacyl (3R)-3-levulinoyloxydecanoate (15). — A mixture of 14 (2.75 g, 9
mmol), levulinic (4-oxopentanoic) anhydride (20 mmol), and 4-dimethylaminopyri-
dine (10 mg) in pyridine-1,4-dioxane (70 mlL, 1:1) was stirred for 30 min at 20°.
Water (2.5 mL) was added, the mixture was concentrated, and a solution of the
residue in dichloromethane (75 mL) was washed with saturated aqueous sodium
hydrogencarbonate (30 mL) and water (30 mL), dried (MgSQ.), and concentrated.
Column chromatography (dichloromethane) of the residue yielded 15 (3.34 g, 9%),
[alp +3.5° (¢ 1, chloroform), R, 0.41 (25:1 toluene-acetone). BC.N.m.r. data
(CDCly): 6 13.87 (CH,3), 22.58, 25.51, 29.16, 29.40, 31.69, 36.44 [<(CH,)¢-], 27.71,
29.23, 37.49 (levulinoyl), 42.06 (Ca), 65.69 (CH,COPh), 70.24 (CQ), 127.71, 128.79,
133.69, 134.05 (Ph), 171.79 (CQO), 174.70 (CO), 192.41 (COPH), 206.79 (CO).

(3R)-3-Levulinoyloxydecanoic acid (16). — A solution of 15 (3.15 g, 7.8
mmol) in acetic acid (50 mL) was stirred with activated zinc dust for 1.5 h at 20°,
then filtered, diluted with dichloromethane (100 mL), washed with water (3 x 50
mL), dried (MgSO,), and concentrated. Column chromatography (2-»>6%
methanol in dichloromethane) of the residue afforded 16 (1.96 g, 88%), [l —2.8°
(¢ 1, chloroform), R. 0.57 (96:4 dichloromethane-methanol). '*C-N.m.r. data
(CDCl,): 6 13.64 (CHa), 22.19, 24.62, 28.70, 28.85, 31.30, 33.46 [-(CHy)-], 27.71,
29.23, 37.49 (levulinoyl), 38.40 (Ca), 70.25 (CB), 171.78 (CO), 174.70, 206.79 (2 CO
levulinoyl).

Methyl (3R)-3-[(3R)-3-levulinoyloxydecanoyloxyldecanoate (17). — To a
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solution of 13 (2.76 mmol) and 16 (2.51 mmol) in dichloromethane (10 mL) was
added di-isopropylcarbodi-imide (2.60 mmol). The mixture was stirred for 5 min
under nitrogen and a solution of 4-dimethylaminopyridine (1.25 mmol) in dichloro-
methane (2 mL) was added dropwise. The mixture was stirred for 6 h, diluted with
chloromethane (50 mL), washed with aqueous sodium hydrogencarbonate and
water, dried (MgSQO,), and concentrated. The residue was eluted from a column of
Sephadex LH-20 with 2:1 dichloromethane-methanol to give 17 {1.00 g, 85%), [a]p
~0.7° (¢ 1, chloroform), R, 0.60 (95:5 dichloromethane-acetone). *C-N.m.r. data
(CDCly): 6 13.73 (2 CH4), 22.28-33.61 [2 -(CH3)s-1, 27.80, 29.41, 37.58 (levulinoyl),
38.52 (C'w), 38.87 {Cw), 51.33 (OCHa3), 70.40 (C’B), 70.49 (Cp), 169.30, 170.35,
171.61 (3 OCO), 205.95 (CO).

Methy! (3R)-3-[(3R)-3-hydroxydecanoyloxyldecanoate (18). — To a solution
of 17 (0.650 g, 1.38 mmol) in dichloromethane (10 mL) and pyridine (12 mL) was
added 6:4:0.5 pyridine-acetic acid-hydrazine hydrate (11.3 mL), and the mixture
was stirred for 10 min at 20°. Dichloromethane (150 mL} was added, and the mix-
ture was washed with water (2 x 75 mL), aqueous sodium hydrogencarbonate (75
mL), and water, dried (MgS0O,), and concentrated. Column chromatography (2:1
light petroleum-—ether) of the residue afforded 18 (0.44 g, 86%), [alp —9.7° (¢ 1,
chloroform), R, 0.43 (2:1 light petroleum-ether). '3C-N.m.r. data (CDCl;): 6 13.64,
13.84 (2 CH;), 22.43-38.69 [2 -(CH3)6-], 38.78 (C'x), 41.76 (Cex), 51.63 (OCHs),
68.07 (C'3), 70.58 (CH), 172.13, 173.28 (2 OCO).

Anal. Calc for CoHyoOs: C, 67.7; H, 10.8, IFound: C, 67.9; H, 10.5.

Methy! (3R)-3-[(3R)-3-(3,4-di-O-benzyl-2-O-chloroacetyl-«-L-rhamnopyrano-
svioxyjdecanoyloxyldecanoate (19). — To a stirred mixture of 11 (325 mg, 0.77
mmol), 18 (250 mg, 0.67 mmol), and powdered molecular sieves (¢ A, 250 mg)
in dichloromethane (5 mlL.) was added boron trifluoride etherate (1 mmol) at 0°. The
mixture was stirred for 30 min at 20°, then diluted with dichloromethane {30 mL),
filtered, washed with aqueous sodium hydrogencarbonate (15 mi) and water (15
mL), dried (MgSO.,), and concentrated. The residue was eluted from a column of
Sephadcx [LH-20 with 2:1 dichloromethane-methanol to give 19 (430 mg, 83%), [«]lp
—17° (¢ 0.6, chloroform). N.m.r. data (CDCly): 'H, & 1.25-1.35 [m, 23 H, 2
-(CH3)s—-, CH4], 1.51-1.59 (m, 4 H, 2 CH,CH), 2.40-2.55 (m, 4 H, 2 CH,COQ),
3.381(t, 1 H, J34 = J4 s = 9.4 Hz, H-4), 3.612 (s, 3 H, OMe), 3.825 (m, 1 H, H-5),
3.92 (dd, 1 H, J53 3.2 Hz, H-3), 4.043 (m, 1 H, HB), 4.163 (s, 2 H, CH,Cl), 4.61
(AB, 2 H, CH,Ph), 4.73 (AB, 2 H, CH,Ph), 4862 (d, 1 H, J, > 1.8 Hz, H-1), 5.190
(m, 1 H, HB), 5.336 (dd, 1 H, J,; 1.8, J> 3 3.2 Hz, H-2), 7.22 - 7.32 (m, 10 H, 2 Ph);
13¢C, §13.87 (2 CHa), 17.55 (C-6), 22.40-33.61 [2 ~(CH,)-1, 38.60 (C' @), 39.92 (Cay),
40.68 (CH,Cl), 51.42 (OMe), 67.68 (C-5), 70.55 (CB), 70.98 (C-2), 71.69 (CH,Ph),
74.63 (C'B), 75.01 (CH,Ph), 77.58 (C-3), 79.51 (C-4), 96.04 (C-1), 127.34-128.10,
137.56, 138.17 (Ph), 166.58 (COCH,Cl), 170.09, 170.41 (2 CO).

Anal. Calc. for Cy3HgzClOo: C, 66.6; H, 8.2. Found: C, 66.9; H, 8.3.

Merthyl (3R)-3-[(3R)-3-(3,4-di-O-benzyl-a-L-rhamnopyranosyloxy)decanoylo-
xyldecanoate (20). — To a solution of 19 (0.55 mmol) in lutidine (4 mL) and acetic
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acid (1.35 mL) was added 4.4 mL of freshly prepared 0.375M hydrazine dithiocarbo-
nate?S, The mixture was stirred for 20 min at 20°, diluted with dichloromethane (50
mL), washed with water (2 X 25 mL), dried (MgSO,), and concentrated. Column
chromatography (98:2 dichloromethane-acetone) of the residue afforded 20 (364
mg, 95%), [alp —26° (¢ 1, chloroform), R, 0.58 (97:3 dichloromethane-acetone).
B3C.N.m.r. data (CDCl,): & 13.96 (2 CH,), 17.64 (C-6), 22.48-33.76 [2 —(CH,)s-],
38.75 (C'w), 40.15 (Ca), 51.54 (OCH,;), 67.56 (C-5), 68.76 (C-2), 70.56 (CB3), 71.86
(CH,Ph), 74.31 (C'(3), 75.10 (CH,Ph), 79.83 (C-3,4), 98.11 (C-1), 127.46-128.33,
137.95, 138.38 (Ph), 170.35, 170.62 (2 CO).

Methyl (3R)-3-{(3R)-3-[3,4-di-O-benzyi-2-0-(3,4-di-O-benzyi-2-O-chloroace-
tyl-a-L-rhamnopyranosyl) - a - L-rhamnopyranosyloxy]decanoyloxyldecanoate (21).
— To a stirred mixture of 11 (0.75 mmol), 20 (0.50 mmol), and molecular sieves (4
A) in dichloromethane (4 mL) was added BF;Et,O (0.80 mmol) at 0°. The
mixture was stirred for 15 min at 20°, diluted with dichloromethane (30 mL), filter-
ed, washed with aqueous sodium hydrogencarbonate (15 mL) and water (15 mL),
dried, and concentrated. The residue was eluted from a column of Sephadex LH-20
with dichloromethane-methanol (2:1), to give 21 (440 mg, 80%), [alp —16° (c 1,
chloroform), R; 0.65 (2:1 light petroleum-ether). N.m.r. data (CDCl;): 'H, & 0.88
(m, 6 H, 2 CH;), 1.25-1.35 [m, 23 H, 2 -(CH,)s-, CH;], 1.53-1.61 (m, 4 H, 2
CH,CH), 2.30-2.9 (m, 4 H, 2 CH,CO), 3.33-3.42 (m, 2 H, H-4,4'), 3.61 (s, 3 H,
OMe), 3.723 (m, 1 H, J45 9.4, J5 6 6.2 Hz, H-5), 3.78-3.82 (m, 2 H, H-3,5), 3.901
(dd, 1 H, J; 2.0, J53 2.9 Hz, H-2), 3.97 (m, 1 H, H'B), 3.962 (dd, 1 H, J 3 3.3,
Jy .4 9.3 Hz, H-3"), 4.106 (AB, 2 H, Jaop 16 Hz, CH,CI), 4.783 (d, 1 H, J,, 2.0 Hz,
H-1), 4.53-4.90 (m, 8 H, 4 CH,Ph), 4.963 (d, 1 H, Jy. » 1.8 Hz, H-1'), 5.196 (m, 1
H, HQ), 5.567 (dd, 1 H, H-2'), 7.21-7.34 (m, 20 H, 4 Ph); *C, 6 13.98 (2 CH3),
17.78 (C-6,6"), 22.51-33.87 [2 -(CH,)s-], 38.78 (Ca), 40.21 (C' w), 40.82 (CH,Cl),
67.62, 68.12 (C-5,5"), 70.63 (CB), 71.13 (C-2'), 71.86, 72.04 (2 CH,Ph), 74.34 (C'3),
74.72 (C-2), 75.07, 75.22 (2 CH,Ph), 77.71 (C-3'), 79.74, 79.83 (C-3,4,4'), 98.63
(C-1), 99.65 (C-1"), 127.28-128.22, 137.68, 138.20 (Ph), 166.35 (COCH,CI), 170.26,
170.59 (2 CO).

Anal. Cale. for Cs3HgsClO4: C, 68.7; H, 7.8. Found: C, 68.6; H, 7.8.

Methyl (3R)-3-{(3R)-3-[3,4-di-O-benzyl-2-0-(3,4-di-O-benzy!l-o-L-rhamno-
pyranosyl)-a-L-rhamnopyranosyloxyldecanoyloxy}decanoate (22). — A solution of
21 (385 mg, 0.35 mmol) was treated as described for the preparation of 20, to give 22
(329 mg, 92%), [alp —32° (c 0.7, chloroform), R; 0.45 (2:1 light petroleum-ether).
BC-N.m.r. data (CDCl;): 6 14.02 (2 CH;), 17.78, 17.84 (C-6,6'), 22.54-33.78 [2
-(CH,)s-], 38.81 (C' «w), 51.59 (OCH,), 67.80 (C-5"), 68.18 (C-5), 68.62 (C-2'), 70.63
(CB), 72.06, 72.24 (2 CH,Ph), 74.37 (C'B), 74.63 (C-2), 75.04, 75.28 (2 CH,Ph),
79.48 (C-3'), 79.69 (C-4'), 79.92 (C-3), 80.21 (C-4), 98.14 (C-1), 100.59 (C-1"),
127.46-128.39, 138.29, 138.52 (Ph), 170.32, 170.64 (2 CO).

Methyl (3R)-3-[(3R)-3-(2-O-a-L-rhamnopyranosyl-a-L-rhamnopyranosyloxy)
decanoyloxyldecanoate (1). — A solution of 22 (150 mg, 0.14 mmol) in rerz-butyl
alcohol (10 mL) containing acetic acid (0.5 mL) was hydrogenated in the presence of
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10% Pd/C (125 mg) for 16 h, then filtered, and concentrated. The residue was eluted
from a column of Sephadex LH-20 with 1:1 dichloromethane-methanol to give 1 as
a waxy solid (65 mg, 70%), [a«]p —46° (c 1, methanol), R, 0.45° (chloroform-me-
thanol-water, 60:30:5). N.m.r. data (CD,CN-D,0, 2:1): 'H, §0.82 (m, 6 H, 2 CHy),
1.141, 1.152(2d, 6 H, Js 4 = Js' ¢ = 6.3 Hz, 3 H-6,3 H-6"), 1.21-1.37 [m, 20 H, 2
—-(CH»)s-1, 1.451 (m, 2 H, CH,CH), 1.523 (m, 2 H, CH,>CH), 2.46-2.52 (m, 4 H, 2
CH,CO), 3.261 (t, 1 H, J3.4 = J45 = 9.5Hz, H-4),3.278(t, 1 H, J3 4 = Jg & = 9.5
Hz, H-4), 9.51-3.61 (cm, 4 H, H-3,5,3",5"), 3.581 (s, 3 H, OMe), 3.687 (dd, 1 H,
Ji- 2 1.7, J2 3 3.5Hz, H-2"),3.884 (dd, 1 H, J,> 1.8, />3 3.4 Hz, H-2), 3.036 (m, |
H, H'B), 4.783 (d, 1 H, J,, 1.8 Hz, H-1),4.821 (d, 1 H, J,- »» 1.7 Hz, H-1"), 5.113
(m, 1 H, HB); *C (CD:0OD), 6 14.31 (2 CHy), 17.96 (C-6,6'), 23.42-34.78 [2
—(CH»)s-], 39.65 (Ca), 41.20 (C' @), 52.27 (OCH3), 69.99 (C-5,5"), 71.65, 71.86,
71.95, 72.10 (C-2',3,3", CB), 73.67 (C-4"), 74.02 (C'B3), 75.51 (C-4), 80.13 (C-2),
99.40 (' Jc.1y 169 Hz, C-1), 103.87 ('Jc 4 170 Hz, C-1').
Anal. Calc. for C33Hg043: C, 59.6; H, 9.1. Found: C, 59.5; H, 9.1.
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