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XLZSTR9CT 

Four 3-choIestery 1 6-(Elycosylthro)h~xyI ether glycohplds xsere prepared and 
mcorporated at a concentratlon of IS-lS% mto d~palm~toylphosphcrt~dylchohne 
lrposomes This mcorporation suppressed the phosphohpld phase transitIon m all 

casts Wtth a D-mannose derrx atrve, this effect L\ as shown to be a regular function of 

mcreasmg amounts of incorporated gIyeof;prd Ltposomes contammg the D-mannosyyl 

ether gave electron nucrographs chatacteristlc of hposome populatrons heterogeneous 
m sfze 

iV-i-RODUCTIO\ 

The use of liposomes as drug dehvery vclucles has recerved mcreasnq attention 
durmg the past felt years, ~lth reports of then apphcatton to the dehvery of a varrety 
of proterns1-3, druss&-‘, and 1ons8 appearrng regularly Particularly mterestrng are 
the observations that the III t I:O tssue dfstr1butlon of hposomes varies wth the size 
and charge of the \ewle9-’ ’ Such behavtor represents the first steps toward mducm,o 
txssue selectwty Smce carbohydrates have been rmphcated m both celf-ceII and 
cell-hormone mteractrons, me felt that the mcorporatlon of synthetrc glycohptd 
analogs mto hposomes nught prowde the basis of a practrcat druz-d&very system 
Although gan&osldes’ ’ ’ 3 ard erythrocyte slaloglycoprotem” have been mcor- 
porated mto hposomes no systematrc study of the effects of external carbohydrate 
dctermmants on hposorne dtstrlbutlon has appeared Such an mvestrgatron rcqums 
access to a variety of catabohcnlly stable glycolIpIds that can be easily mtroduced Into 
phosphohprd vesicles As a begwmmg, \\e wsh to report the syrtthesls of four such 

glycohplds (1.4, 7, and 1X>, then- mcocporatton mto d~palnntoyllec~thm tesrcfes and 
some physrcai CharacterlstRx of such systems 

RESULTS XXD DISCMSIOX 

was prepared, and 
In a overall from chotesteryl f7-toluenesuifonate (18) It coupled with 
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1 R = X,R’ = H 

2R = H,R’= AC 

3 R = X,R’ = AC 

R=CHz 

11 R = SX R’ = H R = NH> 

12 R = Br,R’= Ac,Rn= OMS 

13 R = SH R = AC R”=CIMS 

14 R = SX R = Ac,Rn= OMS 

15 R = SX.R = AC R“ = N3 

16 R = SX R = H,R”= Nx 

17 R = SC{= NHZ+)NHZ Br; 

R’ = AC, R* = OMs 

R’OCH2 

4R=X.R’== H 

5R = H,R’= AC 

6R=X RI= AC 

7 R = X,R’= R’=H 

8 R = H R’ = AC Ra= CHx 

Q R = C(=NH,+)NH2 Br- 

RI = AC R” = CH3 

10R = X,R’ = AC R” = CH3 

the I-ttioaldoses 2, 5, and 8, and the resultmg ethers nere deprotected to gwe the 
neutral and acAc glycohplds 1,4, and 7 The preparation of ammodeoxyglycohpld 11 

required a moticatlon of this route, wherem the glycosyl bronude 12 was converted 
mto the tiol 13, whxh was condensed \\lth lo&de 21 The resulting methane- 
sulfonate 14 was converted mto the avde 15 by reactlon wth sodium azlde De- 
protection of 15 to give 16, followed by reduction wth hydrogen sulfide, provided the 

dewed amme 11 

18R = Ts 

19 R = HO(CH2J6 

20R = TsOKH,), 

21 R = I KH,), 



57 

FIN 1 Electron mIcrograph of d~palm~toylphosphat~dylchohne hposomes contammg 13% (by \xt ) 
of gl>cohprd 1 Magmficanon 9500 x 
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2 Effect of glycohptds 1, 4. 7, and 11 on the d~palnutoylphosphat~dylchohne (DPPC) phase- 
transltlon (A) Pure DPPC (9 4 ?k by \\t of total hpld). (B) 4 5% bywt of 1 20 5% bywt of DPPC, 
(C) 3 5% by wt of 4, 21 2% by ut of DPPC, (D) 1 3% b> wt of 7, S 7% by wt of DPPC, and 
(E) 1 5% by wt of 11, 8 5% by wt of DPPC 
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Fig 3 Effect of \xtous xnount~ of 1 on the d~palm~to~lphosphntrJIcl~olrne (DPPC) phase- 
transttlon (x) 0 0% of 1 9 JO, bk \\t ot DPPC (0% of 1 III DPPC). (B) 0 19% b\ of I, 1’ -loo b> 

wt of DPPC (I 5% of 1 In DPPC), (C) 031 So by v.t of 1, S 9% by \\t of DPPC (3 -IO,& of 1 III 

DPPC), (D) 0 Go., by wt of 1 S 670 b> \\t of DPPC (6 9 Do of I III DPPC), and (El 0 S9% b\ \\t of 
1 S 3% by \\t of DPPC (9 700 of 1 m DPPC) 

Each glycohpld was mcorporated at a concentration of IS-lS?G (by \\elght) 

mto dlpahmto) Iphosphatldj lcholme hposomes by probe somcatlon of hpld mixtures 
m aqueous 0 1~ KC1 and IOmu TIIS buffer at pH S 0 Electron-mlcroscoplc euamma- 
tlon of DPPC hposomes contamm g 13% (11 t ) of mannohpld 1 (FIN 1) re\ealed the 
lamellar nature as \\eell as size heterogeneity of the sample Phosphohpld was required 
to effect solublhzatlon of 1 m aqueous media for, although mlltures of 1 and DPPC 
could be rapidly somcated to clarity, aqueous suspensions of 1 alone could not Low- 
speed (2000 r p m ) centnfugatlon of somcated 1 recovered the gl>cohpld quantlta- 
twely, wiulle analysis of the supernate mdlcated that the concentration of 1 mas 

IO-30nu If more than 18% (wt_) of glycohpld \xas added, the hpid mixtures could 
not be somcated to clarity 

The mcluslon of 1,4,7, and 11 In the hprd bllaqer had a pronounced effect upon 
the phosphohpld phase-transItIon (Fig 2) I n each case, the transItion was displaced to 
lower temperatures and suppressed, although the shapes of the curves prohlblted 
quantlficatlon of the transltlon energy The effect of varymg the amount of mcor- 
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porated glycohpld IS shown m Frg 3 As the percentage (by werght) of 1 was increased, 
the endotbermlc absorption shifted regularly to lower temperatures The energy of 
the transltlon shows a quahtatlve decrease, but the nonlmearlty of the baselme agam 
precluded quantlficatIon 

Taken together, these results m&cate that synthetic glycohplds can Indeed 
become Intercalated mto phosphohpld vesicle-membranes, and expenments to 
mvestlgate the III VILO dlstrlbutlon of such hposomes are m progress 

EXPERIMENTAL 

Getzeral - Meltmg pomts were determmed with a Thomas-Hoover melting 
pomt apparatus and are uncorrected I r spectra were recorded with a Perkm-Elmer 
137 or 267 spectrophotometer on neat films or NUJOI mulls P m r spectra \\eere 
obtamed with a Harlan T-60 Instrument wth tetramethylsllane as an Internal 
standard OptIcal rotations, mass spectra, and combustion analyses were provrded by 

the physlcal measurements and mlcroanal>tlcal faclhtles of Merck Sharp & Dohme 
kjefho& - LIpIds \\eere weIghed mto 0 5-ml MIcroflex tubes (obtamed from 

Kontes, Vmeland, N J 05360) and dissolved m 3 1 (v/v) CHCl,--tetrahydrofuran 
Solvents were evaporated under a stream of N2, and the residue hept for 20 mm at 
0 3 torr An allquot of 0 I&r KC1 and 0 01x1 Trls ouffer (pH S 0) was added, and the 
mlvture somcated (until clear) at 35 W for 30-60 mm, m 15-mm pukes, \\lth a 
Branson Model WI S5 sorufier equipped \\ Ith a special microtIp Samples \\ere cooled 
\\Ith an amblent temperature \\ater-bath Dlfferentlal scannmg caloru-netry (d s c ) 

was performed with a Perkm-Elmer DSC-1 B Samples \\eere welghed before calon- 
metry and after drymg for 20 h III L~CIIO U’elght of llpld \\as corrected for v.elght of 

solutes Analysis of somcated 1 was performed i\lth a modlficatlon of a pubhshed 
procedure’ ’ Compound 1 \\as somcated for 1 11 m 0 1~ KC1 and 0 01 v Tris, and 
then centrifuged at 2000 r p m for 20 mm The supernatant solution ~~2s treated with 
mtrlc acid and analyzed turbldlmetrlcally as B&O._ at 620 nm ~\lth a spectrophoto- 

meter CorrectIon \\as made for absorbance of reagents treated III the same manner 
MatennIs - D~palm~toylphosphat~dylcholme nas purchased from Calblochem 

(La Jolla, CA 92032) and used wthout further punfcatlon Other materials were of 
reagent or equwalent grade and used as recewed 

Clzolest-.i-ezz-3/1-> I 6-111 ciroylze_xj I etizet (19) - By use of the procedure of 

Koso\ier and \Vmstemi6, as described by DabIs”, cholesteryl p-toluenesulfonate (IS) 

and 1,6-hexanedlol were condensed m bolhng p-dlolane to slce 19 (52%) as colorless 
plates (from hexane), m p 75 9-S I’, b]z -2s I&- 0 5” (c 1 03, chloroform) 
V ::::-I’ 3500-3200 (OH), 1100 and IOSO (ether) cm-‘, n m r (CDCI,) S 2 S-3 3 
(broad, 1 H, H-3), 3 3-3 75 (2 t, 4 H, H-l and H-6 of the hexyl chain) and 5 4 
(m, 1 H, H-6) 

Anal Calc for C33H5807 C Sl 42, H, 12 01 Found C, Si 74, H, 11 78 

Cholest-.S-etz-3/?-j I &zodoJze\rvl etlzet (21) - Alcohol 19 (16 0 g 32 9 mmol) 
In dry benzene (650 ml) was treated w~tn p-toluenesulforuc anhydrIde’* (11 9 g, 
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Allai Gale for C,,H,,O,,S C, 67 75, H, 9 19, S, 3 SS Found C, 67 89 
H,889,S,377 

lwPti?Yl [6-(cholest-5-en-3B-~~~~_K~~~)~zex~~ 2,3,4-r~~-O-acet~~l-Z-thzo-/3-~-~hrco- 

PI ranosld]zfr omue (10) - TIuol 8 (0 102 g, 0 291 mmol) and lodlde 21 (0 174 g, 
0 291 mmol) were condensed as Just descrrbed to gwe 10 (0 115 g, 4S%) as needles 
(from 3 17, v/v, benzene-hexane). m p 144 5-145”, b]F -42 9FO 5’ (c 101, 
CHC13), ~2;;’ 1735 (ester) cm- 1 

Allal Calc for C-FiH7A010S C, 6745, H, 9 11, S, 3 91 Found C, 67 65, 
H, 944, S,420 

Deblockrilg of g~~colrpr~s 3, 6, ad 15 - A solution of glycohpld 3, 6, or 15 
(1 eqw ) m 1 1 (L/V) ethanol-tetrahydrofuran (33 ml per 8 of glycohpld) was treated 
\\ith 2 5-3 fold excess of Blo-Rad AG l-X2 OH- ion-euchan,ae resm (Blo-Rad 
LLiboratorles Rlchrnond, CA 94804) suspended m ethanol (16 ml per g of glycohpld) 
and stn-red for 35 mln at room temperature The resin was filtered off and washed 
u ith warm tetrahydrofuran (3 x 16 ml per g of glycohpld), and the combmed filtrates 
e\ aporated 

6-(Cholcrt-5-etz-3P-J lo 11 )/zeu~ I I-tlrto-r-D-nlatulopJ ratlosrde (1) - Deblockmg 
of 3 (2 5-I g, 2 9-i mmol) by the procedure Just described gave 1 (1 77 g, 91%) as 
needles (from tetrahydrofuran) d s c endothermic transltlons 64-65, 81-82, and 
236-227’ [z] 2 i 77 9 5 0 9’ (c I I 1 tetrahydrofuran) _ I z:t’ 3600-3 100 (OH) cm- ’ , 
m s 665 (\I-), 501, 368 

,-ltrrrl Cdlc fol CS,H,,O,S C, 70 W, H, 10 31, S 4 S2 Found C, 7020, 

H 1033 S, 4 SO 

6-(ChoIm-.5et~-3~-~ lo\ 1 )/IC\J I I-duo-B-D-gakrctop) t mosrtie (4) - Deblocl\ms 

of6 C3OOg 3 60 mrnol) by the procedure Just described save 4 (I 5s g, 66%) as an 
amorphous po\\der m p 10*106” (to liquid crystal) and 219-223” (to lsotroplc 

hquld) \ z:J’ 3600-3 100 (OH) cm- ’ 

Atrnl Calc for C39H6806S C, 7044, H, 10 31 S 4 82 Found C, 70 16 

H 1003 S, 479 

[6-(Cl]oirst-5-al-3/)-? lo LJ )fw\~ I I-thlo-p-mgltrcop> / atrosrrl]w-orzrc acrtl (7) - A 

solution of esterlfied glycohpld 10 (30 2 mg, Z9 1 /[mot) m 1 1 (v/\) methanol-tetra- 

11) drofuran (2 0 ml) contamm g \\ater (20 1’1) \\as treated wth sodium metho\lde 

(7 4 mp, 137 /lmol) and stlrred for 3 h at 35O The rnlvture was treated \\ ith 2 511 I-ICI 
(60 Ed, 10% excess), evaporated, and the residue extracted with tetrahydrofuran 
Evaporation of tetrahydrofuran left 13 7 mg (52%) of white po\\der, rn p 104-107” 

Y 2;:’ 3600-2800 (RCOOH), 1745 and 172s (RCOOH) cm-‘, field desorptlon m s 

701 (M+, Na’ salt) A sample ( 1 mg) was per-O-tlunethylsllylated ii ~th trlfiuoro N,N- 
b~~(tr~methyls~lyl)acetam~de at 25” m N,1Z’-dlrnethylfor~~~al~~lde and analyzed by 111 s 
967 (M-) 942, 874, S59, 501, 465 High resolution m s save 501 4126 (talc for 

CJ3H5@S- 501 4126) and 465 1965 (talc for C,,H,,O,SI~ 465 19S2) 
Atla[ Calc for CJ9H6,0iS C, 6s 99, H 9 79, S, 4 72 Found C, 69 4s. 

H, 9 59, S-465 
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2,3,4-Trr-O-acetyl-6-O-ntethJ Isttlfonyl-a-D-ntannopyranosyI bronttde (12) - An 

Ice-cold solution of 1,2,3,4-tetra- O-acetyl-6- O-methylsulfonyl-/I-D-manno- 
pyranose” ’ 3 (14 9 g, 34 9 mmol) m dry dlchloromethane (60 ml) was treated with 
30-32% HBr m glacial acetlc acid (21 ml), and kept for 2 5 h at 25” The nurture was 
poured onto stu-red Ice-water (400 ml), separated, and the aqueous phase washed with 
dxhloromethane (3 x 20 ml) The combmed orgamc layers were washed lvlth water 
and saturated NaHCO, , dried (Na,SO,), and evaporated The residue was tnturated 
with petroleum ether (b p 30-60”), filtered off, and ax dried to leave 14 6 g (93%) of 
12, m p 167 5-16s 5” (dec), [Y]? + 120 O&-O 5” (c 1 01, CHC13), v:z’ 1740 and 1725 
(acetate) cm- 1 , n m r (CDC13) d 2 01, 2 OS, and 2 15 (3 s, 3 1-I each, acetate CH,), 

3 03 (s, 3 H, S0,CH3). and 6 33 (d, J 1 Hz, 1 H, H-l) 
Anal Calc for C13H,,Br0,,S C, 3-I 91, H, 428, Br, 17 87, S, 7 17 Found 

C,3504,H,41S,Bi-,1761,S,727 
6-(C/loIest-S-err-3P-~lo_~~)he_~~ 1 2.3.4-trt-O-acetyI-6-aztdo-6-deo_~y-I-thto-~-~- 

ntannop~ranostde (15) - Mannosyl bronude 12 R as converted Lta the Isothlo- 
uromum bromide 17 [S50,‘0, \\hlte ponder, m p S7-90” (dec ), vztt’ 3600-3 100 (N-H), 

1740 (acetate), and 1640 (lsoth~ouroruum) cm-‘] to 2,3,4-tn-U-acetyl-6-U-methyl- 
sulfonyl-I-thlo-r-o-mannopyranose (13) [S9%. colorless glass, vale’ 2560 (thlol) and 
1750-1730 (acetate) cm- ‘1 by use of a bno\\n method” Thlol 13 was coupled LL lth 21 

by the general procedure Just described to gi\e 61 ‘0 of 6-(cholest-5-en-3/3-ylouy)he\yl 
2,3,4-trl-0-acetl Id-O-methb IsuIfon> I-l-thlo-r-o-mannopyranoslde (14), a white glass, 

zzt 17-10 (acetate) cm- ’ 

;049 

Finall> methanesulfonate 11 (1 14 g, 1 32 mmol), N&N3 
g 7 5 mmoi), and dn V,_I’-dlmethqlformanude (-10 ml) \\eere stlrred for 4 5 h at 

70-75” under Nl After e\aporatlon of the soLent the residue was drssohed m ether 
(20 ml) The solution \xds \\ashed \rlth three lo-ml portlons of water, dried (MgSO,), 
and evaporated to leale 1 05 g (97%) of 15 as a colorless glass, homogeneous on 
t I c (s~hca gel 3 22, v L ethyl xetate-benzene) [r]:’ + 12 610 5” (c 1 03, CHCI,), 
lmul’ 2095 (azide) and 1755 (acetate) cm- m.i, ’ X sample (0 53 p) was further purified by 
column chromatograph) (slhca gel, 3 23, V/L, ethb Iacetate-benzene) to give 0 417 g 
(750,‘o yield) of pure 15 as a color1 ess glass, v. hlch soltd&ed on prolonged standing, 
m p 6S-70’ 

Atal Calc for CqSHT3N308S C, 66 22, H, 9 02 N, 5 13, S, 3 93 Found 
C,6653,H,S9S,N 501,S,39S 

6-(Citokst-5en-3/l-1 /o_\~ )ftc\J 16-aztdo-6-deo 1) -I-ho-x-D-??ta?tftOpJ ranoude(l6) 
- Compound 15 \xas deblocked b> the resin procedureJust described to gibe 16 (62JL) 
as a glass, \;;tJ 3600-3 100 (OH) and 2095 (azlde) cm- 1 

ltzal CaIc for C39H67N305S C, 67 SS, H, 9 79, S, 4 65 Found C, 67 SO, 
H, 9 55, S, 4 54 

6-(Citolest-S-en-3j3-J louy)ftey/ 6-atntno-6-~~eo_ry-I-thto-a-D-ntanrtop~~ra~tostde 

(11) - A solution of 16 (0 163 g, 0 236 mmol) m chloroform (4 0 ml) contammg 
trlethylamme (3 0 ml) was treated) with dry gaseous H,S for 4 5 h at room temperature 
The volatile components Lxere removed by rotary evaporatron and the product was 

Isolated by preparative t 1 c (slhca gel, 7 2 1, v/v, CHCl,-CH30H-conc aqueous 



3-CHOLESI-ERYL ~-(GLY~~~~LTHI~)HE~YLETHER~ 63 

NH,) to yield 65 0 mg (41 O/o) of wlute powder, m p mdef , vale’ 3650 (NH,) and 
3600-3100 (OH) cm- ‘, m s - 635 (M+-CH,=NH+), 503, 470, 386, 368, 353 A 
sample (1 mg) was per-0-tnmethylsllylated with tnfluoro-N,N-b~s(tnmethyls~lyl)- 
acetamlde m N,N-&methylformamlde for 15 mm at 65-70", m s 1024 (Mt), 1009, 
951 (M+ -Me&), 936, 921, 850 [M+ -N(SlMe,),], 523, 501, 368, 174 (base peak) A 
Hugh resolution m s of the per-0-tnmethylsllylated saccharlde fragment gave 
522 2721 (talc for C,,H52N04SlC 522 2744) 

ACKNOWLEDGMENTS 

We thank Dr. J McCauley for obtammg the d s c curves, Mr J Smith for 
recordmg the mass spectra, Mr Jack Gilbert and the Merck mlcroanalytlcal group 
for mlcroanalyses, Dr W Acevedo and Mr S Scott for electron micrographs, and 

Dr P L Durette for providmg unpubhshed evperlmental procedures 

REFERENCES 

1 G GREGGRIADIS AND R A BLchLA-a ,‘Vatrrre (London) 244 (1973) 170-171 
? C M COOL\ AND B E R\w.\ BIoclfem Sot Tram 2 (1974) 571-572 
3 G L SCHERPHOF F H RoEmixh, A\D 3 ZBORO~~ShI ~15fOChem I, 7 (1975) 508 
4 Y E R*HXI,XX M \i ROSENTHAL A\D E A CERNY, Scletrce 180 (1973) 300-302 
5 G GREGORIADIS A=.D E D NEER~XJLU Res Conmun Chem P~rhol Plmrtrracol , 10 (1975) 

351-36’ 
6 Y E R,XHMAX E 4 CERXY AND S L Tom.xhsn Proc Sue t\p Bud ,!ferf 146 (1971) 1173- 

1176 
7 E D h'EERfJbJU\ AXD G GRFGORIADIS Brochem Sue Trans. 4 11976) 133-134 
S I R MCDOUGALL J K DLkxIch hl L GORIS -\\DJ P KRISS, J ~IIC/ \iecl, 16(1975)-R%- 

491 
9 T T,%NXh4 K TANEDA H KOI34Y,%SHI K OhlJ\IbRA S hfuRx~IscfI X\D H StZ4hI C/rem 

Fharrrr Brrlf 23 (1975) 3069-307-I 
10 hl hl Jo\w E A CERX‘~. A\D 1 E Rr\tivax, Brochm Brophts -ican, 401 (1975) 336-34s 
11 R L JULI\NO AND D STAMP BIIIC/~LIU Btopit~s Rcs Corrrmfm 63 (1975) 651-658 
11 I R MCDOLC~LL. J K Duxxrch hl G \IC~A\IEE 4\~ J P KRISS, froc \ur( Arutf Scr 

13 A SLROLIA B K BacttttA\rAr A\D S K PXDDER homre (Lom/mz) 257 (1973 SO?-SO-l 
11 W R REDWOOD, V K J~uo\s \\D B C PATEL BIOC/IWJ B~ophrs Acra 406 (1975) 317-361 
15 US Pharmacopera 19 (1975) 710-711 (hlethod 1) 
16 E M KOSO~ER AND S \VIUTEI\. / -im ClIem Sot 7S (1956) 13174354 
17 \l DAXIS J Chem Sue (1961) 17%lS1 
1s I._ FIELD AND J \i MCFARL\\D Orr SInrlr Coil 4(1963)9-W91~ 
19 hf ~ER-.Y J ST,x<Eh r\xDJ PACAh ifonatsh Cfrem 91 (1963) 190-29-t 
20 K L ~I+TTA, R N GIROTRA A\D J J BARLON Carboirtdr Rex 43 (1975) 101-109 
21 W D S BOX~ER~\G AXE T E TIUELL J .-im Chem Sot S’ (1960) X27-X30 
21 P L D~RETTE unpublished resulb 
23 J FERNAADEZ-BOLA<OS X-.D R G FERX~\XDEZ-BOLAZOS,~~ QI/~w 65 (1969)1163-116-!,C/te~Iz 

Absfr 72 (1970) 133 105~ 


