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ABSTRACT 

6-(5Cholesten-3@yloxy)hexyl 4-O-(6-deoxy- and 3,6-anhydro-P-D-galac- 
topyranosyl)-1-thio-P_D-glucopyranoside were prepared from benzyl 4-0-p-D- 
galactopyranosyl-/3-D-glucopyranoside, and incorporated into phospholipid vesi- 
cles. When injected intravenously into rats, these disaccharide-modified liposomes 
were found to be taken up mainly by liver cells. 

INTRODUCTION 

Saccharide determinants of glycolipids and glycoproteins present at the cell 
surface are known to participate in intercellular recognition-processes’. For exam- 
ple, mammalian hepatic-receptors are specific for (terminal) D-galactosyl groups of 
desialylated serum glycoproteins*, whereas, in avian liver, the receptors recognize 
terminal 2-acetamido-2-deoxy-D-glucose 3. Alveolar macrophages have been shown 

to bind glycoproteins and synthetic glycoconjugates that have a D-mannosyl, 2- 
acetamido-2-deoxy-D-glucosyl, or D-ghrcosyl group in the exposed, nonreducing 

position4. The uptake of some lysosomal enzymes by fibroblasts in culture involves 

recognition of D-mannose 6-phosphate on the enzyme molecules”*6. Such receptor 

recognition and uptake of saccharide derivatives have been extended to liposomes 

containing glycoproteins and glycolipids. For example, asialofetuin-entrapped lipo- 

somes containing bleomycin were taken up by the parenchymal cells of the liver’. 

In addition to natural glycolipids and glycoproteins, synthetic glycolipids of 

low molecular weight are also effective for the introduction of saccharide determin- 

ants onto the surface of liposomes. Thus, the /3-D-galactosylated phosphatidyl-2- 

aminoethanol (PE) prepared from p-aminophenyl P-D-galactopyranoside, PE, and 

glutaraldehyde could be incorporated into lipid vesicles’. These modified lipo- 

somes were rapidly taken up by the hepatocyte8. 

In an effort to improve the selectivity, stability, and other in vivo characteris- 

tics of liposomes, we have synthesized a series of glycolipids, consisting of various 
saccharides coupled to cholesterol via a spacer arm, for incorporation into lipo- 
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somes”.“‘, and the in I~VO behavior of liposomes contatning some of these 

glycolipids has been reported”m~‘5. As an extension of these studies, we now de- 

scribe the synthesis and evaluation of h-(5cholesten-3P-yloxy)hexyl -I-(I-(64eoxy- 

P-D-galactopyranosyl)-1-thlo-P-D-glucopyranssidc and some of’ its derivatives. for 

claritication of frnme irl r’ir~). tissiie-riistribution results 

Acetalation of benzyl ~-O-P-TV-galactopyranosyl-P-u-plucopqran~~side’” 

(benzyl ,!+lactoside, 1) with benzaldehyde, followed by acetylation gave crystalline 

2, which was treatecl with ,V-bromosuccinimide’7 (NBS) in rehuxing carbon tetra- 

chloride-tetrachloroethane to yield two products. The unreacted starting-matcrtal 

and the products were separated by column chromatography. and the more mobile 

component was identified by It\ 300-MHz, n.m.r. spectrum as the expect4 prod- 

uct. 3 (see the Experimental section). The major component had a lower 

chromatographic mobility. and was asstgned structure 4. I‘his assrgnment was vcr- 

ified by successive transformation of 4 into 5, 5 into 7, and 7 into 8. ‘The formation 

of 1 from 2 indicated the susceptibility of the benzyl group to atta(.h’7 h! NBS 
u ,W 

Treatment of 8 with sodium methoxide in methanol-oxolane gave two prod- 

ucts. which were separated by column chromatography. The less mobile cnmpo- 

nent was identified as the h’-bromo-h’-deoxy derivative. IS. The other product was 

the 3’,6’-anhydro-fl-lactoside, 16. formed by intramolecular. nucleophilic displace- 

ment of the 6’-bromine atom by the 3’-hydroxyl group. LJnder controlled, deblock- 

ing conditions, only 15 was isolated in good yield. The synthesis of h-(5-cholesten- 
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AcO 

9 R,R’= H.OAc 

10R = H,R’ = Br 

11 R = SH,R’= H 

12R = X,R’= H 

dH 

13R = OH 
16 

14R= H 

15 R = Er 

3-P-yloxy)hexyl 6’-deoxylactoside (14) was accomplished in essentially the same 

way as for 15 (see the Experimental section). The in vivo behavior of liposomes 

containing 14,16, and other glycolipids will be discussed next. 

BIOLOGICALRESLJLTSANDDISCUSSION 

Previously, we reported the synthesis of a series of glycolipidsy~10 with 6-(5 

cholesten-3/3-yloxy)-1-thiohexyl as the aglycon and the following carbohydrate 

groups, which occur naturally in membrane oligosaccharides’8, as the sugar deter- 

minants: D-glucosyl, D-galactosyl, D-mannosy], 2-acetamido-2-deoxy-D-glucosyl, 2- 

acetamido-2-deoxy-D-galactosyl, L-fucosyl, L-arabinosyl, D-xylosyl, and N-acetyl- 

neuraminic-2-yl acid. These glycolipids can be incorporated into liposome bilayers, 

to provide specific, saccharide determinants on the surface. To evaluate their use- 

fulness in selective delivery in vivo, we investigated the tissue distribution of these 

modified liposomes in rats. Liposomes were prepared from purified 1,2-distearoyl- 

sn-glycerol-3-yl phosphocholine’” (DSPC) and a glycolipid (14 mol%), with 

51Cr0ip as an internal marker. The modified liposomes were injected intraven- 

ously into rats, and the radioactivity in each tissue was determined after dissection. 

The tissue distribution of liposomes in rats was found to vary with different 

glycolipids (data not shown); however, no clear and useful direction of liposomes 

to target organs and tissues was observed. In each case, the liposomes were re- 

moved from the blood stream primarily by the liver and spleen, as expected for 

intravenously injected liposomes20,21. 

The tissue distribution of the P-lactoside lo 13 and the P-cellobioside 17 in 
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1’11’0 revealed some intere\ling aspecta. Liposomea containing thrsc two disac- 

charides were rapidly taken up by liver. as compared to control liposomes or hpo- 

somes containing the /3-u-galactoslde IH or the /3-t -1ucoside 19 ( I‘ahlc I). For 

example, two hours after Intravenous injection of lipmomes containing 13 and 17. 

7&77? af the label was found in the liver, whereas. fc)r control hpocomes or lipo- 

somrs containtng 18 or 19, <ml! L5--1 1 c ‘i of the label U;~S found in the liver. ‘I‘h~se 

data may suggest more eflcctivc recognition of the terminal IMgalactose and D- 

glucose of the two chxaccharide\ by hepatocytcs. a\ the) arc mclrc exposed above 

the liposomal membrane tor interactions with the cell-surface recqtor> 

7‘0 clarify the foregoing observations, the h’-deox~-P-IactosidL‘ 14 and the 

.3’,6’-anhydro-P-lactoside 16 (see Chemistry) were also incorpor;itcd into lip+ 

somes for in b~it~o. tissue-tiistrlhution studies. Surprisingly. the92 modified lipo- 

somes were also taken up r;ipldly by liver cells (see Table I: 7 h attrsr i[ltra\enous 

injection, Xl and 65V of the label w;I’~ respectively found 111 the liver). It is 

noteworthy that 16 also enhanced the uptake of liposome* by spleen. Because the 

(terminal) saccharidc group\. ~,-LlectlrL-t>-gulact(~~~l and :.h-T,tlh!dro-r,-ealact~~s~l. 

are those of unnatural sugar\, tht. enhanced uptake lx the liver tli lipo\omcs mod- 

iticd with the disaccharicle~ (WC Tahlc I) 15 unlikely to have bcrn caused b!, an Irn- 

proved receptor-rccc)~nitlun; instead. they may affect the ttl I’LL o re\ultx inclirectlly 

by influencing the physical properties of liposomcs, my.. vcs~clc SW, charge, or 

aggregation. These data ck;~rly indicate that, in addition to rcceptcrr-tne~ilatcd, ccl- 
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lular recognition and uptake, the alteration of liposome surface-characteristics by 

hydrophilic, saccharide derivatives may profoundly affect the tissue-distribution of 

liposomes in vivo. 

EXPERIMENTAL 

General methods. -Melting points were determined with a Thomas-Hoover 

Unimelt apparatus and are uncorrected. Optical rotations were measured with a 

Perkin-Elmer Model 241 polarimeter. Thin-layer chromatography (t.1.c.) was per- 

formed on silica gel GF2s4 (Analtech) plates, and the spots were detected with a 

ceric sulfate (l%)-sulfuric acid (10%) spray. Column chromatography was con- 

ducted on silica gel 60 (70-230 mesh, ASTM). N.m.r. spectra at 300 MHz were re- 

corded for solutions in chloroform-d (unless stated otherwise), with tetramethyl- 

silane as the internal standard. Conventional processing consisted of drying organic 

solutions with anhydrous sodium sulfate, filtering, and evaporating the filtrate 

under diminished pressure. 

Experiments in vivo. - Liposome compositions (molar ratios) were: control 

liposomes, Chol-DSPC-PG (phosphatidylglycerol) (10:9: 1); glycolipid-containing 

liposomes, glycolipid-Chol-DSPC-PG (3 : 7: 9 : 1). Labeled liposomes containing 

sodium [51Cr]chromate (New England Nuclear) were prepared as reported”, by 

sonication to slight opalescence and removal of unincorporated chromate by gel 

filtration on Sephadex G-50 (Pharmacia). The liposome suspension containing 5 

mg of lipid and 4 x 10’ c.p.m. of 51Cr (0.45 mL per rat) was injected into the tail 

vein of Wistar rats (17&200 g; Charles River Laboratories). After 2 h, the rats 

were killed with ether, and dissected. The radioactivity in the individual organs was 

determined with a gamma counter. Total blood-radioactivity was calculated from 

the radioactivity of a sample, assuming a blood pool of 7.3 mL per 100 g of body 

weight. 

Benzyl 2,3,6-tri-O-acetyl-4-0-(2,3-di-O-acetyl-4,6-O-benzylidene-P-D-ga- 
lacto-pyrunosyl)-/3-D-glucopyranoside (2). - A mixture of 1 (10 g), anhydrous zinc 

chloride (15 g), and benzaldehyde (50 mL) was stirred for 2 d at room temperature. 

The clear solution was diluted with ethyl ether-petroleum ether, and the solvents 

decanted. This process was repeated a few times, to give a solid which was treated 

with acetic anhydride in pyridine overnight at room temperature. The mixture was 

poured into ice-water, and the crystals that formed on stirring were filtered off, 

and washed generously with water. Recrystallization from methanol gave 2 (13 g, 

77%); m.p. 209”. [(Y]E +lo” (c 1.0, chloroform); m/z 730 (Mt). 688 (Mt - 

CH,=C=O), and 623 (M* - OCH,Ph). 

Anal. Calc. for C3hH420,6: C, 59.17; H, 5.79. Found: C, 58.77; H, 5.79. 

Benzyl 2,3,6-tri-O-acetyE-4-0-(2,3-di-O-acetyl-4-0-benzoyl-6-bromo-6- 
deoxy-B-D-galactopyranosyl)-B-D-glucopyranoside (3) and 2,3,6-tri-0-acetyl-4-0- 
(2,3-di-0-acetyl-4-0-benzoyl-6-bromo-6-deoxy-~-~-galactopyranosyl)-D-glUCO- 
pyrunose (4). - A mixture of 2 (12 g, 16.4 mmol), NBS (3.2 g, 18 mmol), and 
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barium carbonate (12 g) in carbon tetrachloride (300 ml.) and tetrachloroethane 

(50 mL) was boiled, with stirring, under reflux for 3.5 h. The mixture was cooid 

and filtered. and the filtrate was evaporated to a .\yrup which W;IS partitioned bc- 

tween ethyl ether :s~~J w,ltt’r. The ethereal layer was dried. and cvapor;lted in IUCXO 

to a syrup that has p~a<eil on a column of silica gel and eluted with 4: I (v/v) chloro- 

form-ethyl acetate. Compound 3 (I?,. 0.34, 3.0 g) w;1s eluted first. followed by the 

starting material 2 (I?, O.lj, 0.86 8). and then 4 (R, 0.07. 4.63 g). ‘lhc combined 

yield of 3 and 4 was 78”:. Compound 3 had [cr]fs i.37” (c. I .35. chlorot’orm): rn:z 

701. 703 (Mf - OH). 6%. 660 (M! -- HOAc), 641. 643 (M’ - i>H - HOAc). 

and 413,415 (i). 

Compound 3 had [a]:>’ i-0.6” (c 1.46, chloroform); n.m.r. (CDC’13): 6 3.53 

J,,,8.0Hz,H-ll.S.02 (2d..l,,,c).UHz, H-:!).5.7S(t.J~,J9.0Hz.H-3).3.YI (t.Jt,> 

9.0 Hz. H--l), 3.66 (o, H-5). 4.58 (3 d.J,,.,! :!N.J,,,,,. I’.0 Hz. H-k). -1.1-I (-? d. .Ih,,.? 

5.0 Hz, H-ha), 4.59 (d. J i,,z’ 8.0 Hz. H-l’), 5.21 (3 d, J2p,i, IO.0 Hz. H-2’). 5.0’) (3 

d, JY,~ 3.0 Hz. H-3’). S.7Y (d, H-4’). 3.93 (H-5’). 3.35 (’ H-h’), and 2.17, 7.05, 

2.03. 7.03. and 1.94 (5 s, 5 OAc); m/z 808, 810 (M’), 701. 703 (Mf --- i)CH?Ph). 

and 313.315 (i). 

Anul. Calc. for C3hHAIRrOIf,: C. 53.41; H. 5.16: Rr. 9 X7. E‘i>und: C. 53.08; 

H. 5.08: Rr. 9.66. 

I,l,J,6-Trtra-O-ucet~~f-~-C>-(,7,3-di-0-acet~i-d-~>-ben--ol’l-h_hr- 

p-D-galactop~runosvll-D-glllco~yrcrnosr (5). -- Compound 4 (1.5 g) M’S acetylated 

with acetic anhydride (10 mL) in pyridine (10 mL), and processed in the usual way, 

to give 5 (2.1 g, 79%); [cx]f,’ +45” (C 1.03. chloroform): n.m.r. (CIX’I,): ii 6 3’ (cl, 

J,,, 4.0 Hz, H-In; CU:,~. -11:9), 5,72 (d, J 
_ _I 

, ? 8.0 Hz. H-Ifi). -5.33 (r. .I 9.5 H7. H- 

3n).5.34(t.J9.OH-11. H-.?P),4.61)(d.J,,~~,X.OHz. N-l’),arld5.XO(d.Jj,.~,~.5 Hz, 

H-4’); m/t 760. 762 (M’), 700, 702 (M+- -HOAc). 6-40, 641 (M’ - ? HOAc). and 
413,415 (i). 

Anal. Calc. for C’?, H.,,RrO,,: C, 48.89; H. 4.90. Found: C, .&.hO; H. 1.Y3. 

~,.~,6-Tri-O-ucet~l-4-O-~L’,3-di-O-u~~t~l-1-O-h~~~~‘~~~l-6-hror,lo-h-de~~,~~- 

p-D-gnf~ct~~~rcrn~.~~l)-j-rhio-P-r,-fi/tlc~~~~r~no.~c (7). -- A s&tion of 5 ( 1 .O g) in 

dry dichloromethane (0.5 ml.) was treated with 3@-31%8 hydrobromic acid in gla- 

cial acetic acid (IO mL) for 1 .S h at O-5”. poured Into ice--water. and the mixture 

immediately extracted with dichloromethane. The extract w;1s succtrssicelv washed 

with ice-cold aq. sodium hydrogencarbonate solution and water, dried. and cvapo- 

rated, to give 6 as a syrup [ I.0 g; R, 0.5 in 2: 1 (v,‘v) CHC’l,--EtOAc]; n.tn.r. 
(CDCI.~):~6.57(d,J~~,~.OHz,H-l).l.Y3,1.O5.~.O7.2.11.~rnd~.l~(is..~~~Ac). 

A mixture of 6 (900 mg) and thiourea (135 mg) In dry acetone (5 mL) was 
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boiled under reflux for 10 h. The solution was cooled, and evaporated in vacua to 

a syrup which was partitioned between ethyl ether (10 mL) and water (10 mL). The 

aqueous layer was washed with ethyl ether (3 x 10 mL), and boiled with potassium 

metabisulfite (KZS205; 257 mg) and chloroform (15 mL) under reflux for 2 h. The 

organic layer was dried, and evaporated, to give 7 (527 mg). An analytical sample 

had [(Y]: +26.5” (c 2.07, chloroform): n.m.r. (CDCI,): 6 4.56 (t, J 9.5 Hz, H-l), 

4.95 (t, J 9.5 Hz, H-2). 5.29 (t, H-3), 3.90 (t, H-4), 4.53 (2 d, Jbe,s 2.0, J6e,6a 12.0 

Hz, H-6e), 4.13 (2 d, Jti,5 5.0 Hz, H-6a), 4.59 (d, J1,,2, 8.0 Hz, H-l’), 2.23 (2 d, 

J2,,3, 10.0 Hz, H-2’), 5.10 (2 d, J3,+ 3.5 Hz, H-3’), 5.80 (d, H-4’), and 2.16, 2.10, 

2.06, 2.05, and 1.95 (5 s, 5 OAc); m/z 701, 703 (Mt - SH), 674, 676 @It - 

HOAc), 641,643 (Mt - SH -HOAc), and 413,415 (i). 

Anal. Calc. for C29A35Br015S: C, 47.35; H, 4.80. Found: C, 47.06; H, 4.90. 

6-(5-Cholesten-3&yloxy)hexyl 2,3,6-tri-0-acetyl-4-0-(2,3-di-0-acetyl-4-0- 
benzoyl-6-bromod-deoxy-~-D-galactopyranosyl)-l-thio-~-D-glucopyranoside (8). 
- A solution of 7 (410 mg) and 6-(5-cholesten-3/?-yloxy)-1-iodohexane (330 mg) in 

dry dichloromethane (5 mL) containing triethylamine (80 pL) was kept under ni- 

trogen overnight at room temperature. It was concentrated to a small volume, and 

the concentrate was placed on a column of silica gel and eluted with 3:97 EtOAc- 

CHCls. The desired fractions were combined. and evaporated in vucuo, to give 8 

(300 mg, 45%); m.p. 85-88” (MeOH), [a]5 -2.4” (c 1.1, chloroform); n.m.r. 

(CDCI,): 64.47 (d, 51,2 10.0 Hz, H-l), 4.97 (t, J2,3 10.0 Hz, H-2), 5.27 (t, J3,4 10.0 

Hz, H-3), 3.85 (t, J4,5 10.0 Hz, H-4), 3.78 (0, H-5). 4.51 (2 d, J6e,5 2.0 Hz, J6p,60 
12.0 Hz, H-6e), 4.11 (2 d, Jha,S 5.0 Hz, H-6a), 4.57 (d, J1P,2, 8.0 Hz, H-l’), 5.21 (2 

d, J2,,3, 10.0 Hz, H-2’), 5.07 (2 d, J 3,,4f 3.5 Hz, H-3’). 5.78 (d, H-4’), 3.93 (m, H- 

5’), 3.36 (2 H-6’), 5.34 (d, J 5.0 H z, olefinic), 3.44 (t, J 6.5 Hz, CCH?O), 3.11 

(m, -0 1 , 2.65 (q, SCH+Z). 0.99 (s, CH,-19), 0.90 (d, J 6.0 Hz, CH,-21) 

0.86 and 0.84 (CHs-26 and CHs-27), 0.67 (s, CH,-18), 8.10-8.07 and 7.68-7.50 

(aromatic), and 2.13, 2.06, 2.04, 2.03, and 1.94 (5 s, 5 OAc); m/z 701, 703 (M* - 

aglycon), 641,643 (Mf - aglycon - HOAc), and 413,415 (i). 

Anal. Calc. for C6zH9iBr0,&S: C, 61.83; H, 7.62; Br, 6.63; S, 2.66. Found: 

C, 61.61; H, 7.64; Br, 7.06; S, 2.83. 

6-(5-Cholesten-3P-yloxy)hexyl 4-O-(6-bromo-6-deoxy-/?-~-galactopyrano- 

syl)-1-thio+D-glucopyranoside (15) and the 4-O-(3,6-anhydro-P-D-galac- 

topyrunosyl) analog (16). - A solution of 8 (100 mg) and sodium methoxide (5 mg) 

in 2:l (v/v) methanol-oxolane (3 mL) was kept overnight at room temperature. 

More of the mixture of solvents was added, the solution was de-ionized with AG- 

50W X4 (H+) resin, the suspension filtered, and the filtrate evaporated in vacua to 

a crystalline mass that consisted of two compounds. These were separated by col- 

umn chromatography on silica gel, with 19:l (v/v) chloroform-methanol as the 

eluant. The more mobile compound was 16 (30 mg); m.p. 183-186”, [LY]~ -24.4” 
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0.88 and 0.86 (CHs-26 and CH,-27), 0.68 (s, CHa-18), 8.13-8.11 and 7.67-7.50 

(aromatic), and 2.13, 2.07,2.04, 2.01, and 1.94 (5 s, 5 OAc); m/z 1124 (Mt), 1064 

(M* - HOAc), 623 (Mt - aglycon), and 335 (ii). 

Anal. Calc. for C62H92016S: C, 66.17; H, 8.24; S, 2.85. Found: C, 65.79; H, 

8.36; S, 3.07. 

6-(5Cholesten-3P-yloxy)hexyl 4-O-(6-deoxy-P-D-galactopyranosyl)-I-thio$- 
D-gkopyrunoside (14). - A solution of 12 (100 mg) and sodium methoxide (5 mg) 

in 1: 1 (v/v) methanol-oxolane (5 mL) was kept overnight at room temperature. 

The mixture was processed in the usual way, to give 14 (55 mg, 76%); m.p. 17s 

172”, [cX]“d -28.3” (c 1.2, oxolane); RF 0.14 (9: 1 CHCls-MeOH). 

Anal. Calc. for C,sH,sO,aS: C, 66.63; H, 9.69; S, 3.95. Found: C, 66.87; H, 

9.89; S, 4.11. 
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