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ABSTRACT 

Spacer arms 2.1-3.7 nm (21-37 A) long were prepared, and coupled with the 

methyl P-glycoside of ~-acetylmuramyl-L-alanyl-D-isoglutamine benzyl ester, to give 

blocked 6acylates. Deprotection was effected with palladium chloride and triethyl- 

silane. Chemical conjugates of MDP-meningococcal group C polysaccharide were 

then synthesized, in attempts to enhance the immunogenicity of the polysaccharide 

antigen. 

INTRODUCTION 

N-[2-0-(2-Acetamido-2,3-dideoxy-o-glucopyranos-3-yl)-D-lactoyl]-L-alanine-~- 

isoglutamine [ “N-acetylmuramyl-L-alanyl-D-isoglutamine”, MDP) is the minimal, 

adjuvant-active structure capable of replacing whole mycobacterial cells in complete 

Freund’s adjuvant for increasing levels of humoral antibodies against a given antigen 

and for inducing delayed hypersensitivity~. In contrast to other mycobacterial 

fractions, MDP is also adjuvant-active in aqueous medium by the parenteral or the 

oral route’. MDP has been rendered immunogenic when coupled to protein carriers 

via carbodiimide or phenyl isothiocyanate intermediates3. When rabbits were im- 

munized with the conjugates, they gave high anti-MDP titers, and the antibodies 

produced could recognize free, synthetic MDP. In addition to high anti-MDP titers, 

very high anti-carrier titers were also obtained, as compared to controls immunized 

with carrier alone, showing that chemical conjugation had not abolished the adjuvant 

potential of MDP. 

Sela and co-workers4 studied the combination of synthetic antigens with 

adjuvants, either by simple mixing or by covalent attachment, via synthetic carriers. 

From their model study, they found that the immunogenicity of a synthetic MS-2 

coiiph~ge-coat protein fragment linked to multi[poly(DL-alanyl)-poly(L-lysine}] was 

greatly increased by its chemical attachment to a disaccharide tetrapeptide isolated 

from the peptidoglycan of Bacillus ~nega~~riu~. In another study’, the immunogeni~ity 

of the synthetic polypeptide poIy(L-Tyr, L-Glu)-poly(DL-Ala jpoly(L-Lys) chemically 

linked to MDP was also greatly enhanced when injected in aqueous solution into 
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mice. The antigen alone. :~dministercd under the same conditions. dill not Icnd to 

antibody production. A mi~iurr’ of the antigen with MDP \v,I~ much less tAYccti\c 

in eliciting the immune rtsponscs. rt is thus possible, by cov&x~t combination with 

MDP, to convert poor immunogens, including dc$ircd vaccines. 111to more-efiicient 

ones. 

We no\\ report syntheses of’ the methyl /I-glycoaidzs 1,1‘ ,l-ac~tpl-(~-O-(f,J- 

aminoacyl)muramyl-L-alanyI-r>-isoglutarnincs having spaccr-arm Icngths of 2. IL?.7 

nm (31 -37n ), and their chemical coupling to meningococcal 3 crroup c‘ polysxcharide” 

in attempts to enhance the immunogcnicity of the pnlysaccharitlc antigen. 

MDP can be chemically attached to bacterial polysnccharidcs. SO spacer arms. 

by three different routes. First. the glutamyl I-carboxyl group can be coupled to thi: 

cnrboxyl group of meningococcal polysaccharidcs vitr I,c,J-cllalniilc\;lIl\ancs: this 

approach has already been described ‘. The second route I\ by the UC of cl)-:lmino- 

alkyl /I-glycosidcs, described separately”. The third route 14 l,iCl tiw h-hydrosyl 

group of MDP: attachment here hy an ester Ilnhagc IS particularI!, attractive. in 

view of the known. potent adjuvanticity 01‘ !~-acetyl-cl-O-ac!liiinranl! I-I -nlan~~I-l>- 

isoglutamincs”. Moreover, it has alao been reported that o\vI mon/\c’!\ \\c’rc’ cf~ccli\r~!~ 

protected against a human malaria parasite ;tfkr imrnLli~rr;ltivli \+ Ith ;in appropriate 

antigen in liposomes containing the h-O-stcaroyl derivatl\,e”‘. 

In this study. the \ceah immunogcn. meningococcal group C pol!,saccharidc ~a\ 

chosen as a model for condensations wrth such (,-U-(c~,-aIliin,,~lc~l) derivatives a\ 

21, 23. 25, and 27. A number of other !~-acetyl-h-O-(c~J-~~n~iii(~~ic~l )nl~ii-aii~yl-L-alan) I- 

n-lsoglutamines ha\,r already hccn reported as pntcntial Imrnllno~~cj.lu\,snts’ ’ In 

view of the rmportancc of spacer arm\ III affinity cl~romatograp2i~,“. xnti in biological 

systems’“.“., we set out to prepare the nppropriatel\; prcXectcJ hpaccr arms 5 (1.2 ). 

8 (2. I ), 11 (Z.G), and 13 (3 7 nrn) for chemical couplings with the glycc9ldc of btxz>! 

x-il’-acet~lmuramyl-~.-~~l~~~~~l-~~-i~~~gluta~~i~~~ benryl cstor” or the nierh! I /i-glycoside 

14. The synthesis of thcsc spacer arm:, is outlined in Scheme I. 

These spucer arms arc considered to be superior to the more read,ly accessible 

poly(methylene) types, which habe a strong tendency to coil in aqueous milieu, thub 

lessening their efCcti\,c Icngths. Morcovcr. other, similarly prepared. spacer arms 

Mere reported to be ubeful in another rtudy”. 

Initial]>, the .spacer 5 LV;I~ coupled with the benrl,l y-glycosidc of A-acetylmura- 

myl-I.-alunyl-I,-isoglLitarninc benzyl ester ” in the preaencc of DCC’ ;111d l-(dimethyl- 

aminojpyridine ‘, to gi\,c 20 Considcrablc difficulty W;L~ cncountrrcd In the de- 

protectron of 20. For example, hydrogenolysis of‘ this hl~kcd ~ornp~u~d III the 

presence of palladium ovidc or palladium hydrox~dz, or both, In glacial acc‘tic acid 

was found to be very slo\v. and cflbrts to force the reaction to c~>mpi~tic~n. c,,:‘.. by 

multiple catalyst changes. and \wiatlon of the pressure and Ihc lempcraturc, rust~lttxi 

in loss of the 6-O-acyl spnccr arm. ln one Instxncc. ~~I-;Ic~I~I-%IDI’. formed by 
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trans-esterification, was isolated as a major product by column chromatography. 
Tn order to circumvent the dificulty in removing the benzyl glycoside group, the 
methyl /I-glycoside 14 was used as the starting material. This was reasonable, as the 
methyl /?-glycoside of N-acetylmuramyl-L-alanyl-D-isoglutamine (14) has been 
shown’ 6 to have adjuvant activity comparable to that of MDP. Thus, condensations 
of 14 with the spacers 5, 8, 11, and 13 gave 16-19, respectively, in 60-70 % yield. 

To establish whether the isolated products 16-19 were Gacylates, they were 
treated with acetic anhydride in pyridine, to yield the respective 4-acetates, as in- 
dicated by their 300-MHz, n.m.r. spectra; e.g., the signal for H-4 of the 4-O-acetyl 
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derivative of 17 appeared at 6 4.96 as a triplet (J 9.0 Hz). Compounds 16-19 bvere 
successfully deprotected with triethylsilane and palladium chloride’ ‘. albeit in low 
yields, to give 21, 23, 25, and 27. respectively. The amino-containing ligands (21. 
23, 25, and 27) were then coupled with meningococcal group C polysaccharide V~Z 
the N-hydroxysuccinimide active ester, to give the conjugates 22, 24, 26, and 28, 

respectively, as fluffy solids. 
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Spinco analysis of the con_jugates indicated the preacncc of%1 I “(, of MDP. The 

molecular sizes of the MDP-poly~accharlde conjugates were found to decrcasc somc- 

what (K, 0.3SO.35) compared to meningococcai group C polysaccharrde (K,, 0._73). 

but these values arc still ~cll below K, 0.5. ~hcre the antlgcn may begin to lost its 

immunogenicity. Iii the antigen ~~nntibody, quantitati\,e procipitin +~a). t hcsc 

conjugates \verc aI1 recognlrrd by :inti-meningococc:il group C polya:bcchar]dti anti- 

bodv. The conjugates 22 (sp:rc~-arm Icngth, 2.2 nm) and 24 (3. I 111m) \\crc as anti- , 

genlc 3s the native po!ysaccliaridc whereas the conJugttes 26 (2.h nim) and 28 (3.7 nm) 

were detinitcly more antigsnlc Ihan the othcrb. These conjugatc~ \\erc &ted in rirrr 

for their ability to enhance the serum bactericidal antihod!, response 01‘ mice. but no 

enhancement of immunngenicity \vas observed, despite the poGti\ c, 111 r/fro results 

EXPERIMESTAI 

Gtwm~l m~thodr. --- Melting points M/et-e determined with a Thomas Hooicr 

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

Perkln--Elmer Model 24 I polarimeter. Thin-layer cht-ornlltogr~lph? (t.1.c.) ws per- 

formed on silica gel GFzil (Analtcch) plates, and the spots vl’erc detected \cith a ccric 

sulfate (I ‘I,,)--sulfuric acid ( IO”,,) spray. Column chromatc~graph~ \\,is conducted 

on silica gel 60 (70.~230 mesh, ASTM ). N.m.r. spectra were rccordcd for solutions III 

chloroform-c/ (unless stated otherwise) at 300 bl Hr. \rrth tctramet 11) Is~lanc ah the 

internal standard. Conventional processing consisted of drjiin, u organic solution> 

with anhydrous sodium sulfate, filtration, and evaporation of the lilfrate under 

diminished pressure. Antigen-antibody quantitative prccipltin a~ak v,\;t\ performed 

on immunodiffusion plates. Solvent 1 was -I :1: I (\.‘v) CHCl,~-C‘tl ,OIH -H,O 

i-.-lf7l;~70-6-( /~c~r~~~~t~~.~~~~~~~~h~t~~~I~t~ii~70 )hr t-0I7c ( I ) ll~~LJi~Oi~/~l~~l~ir/f~, Hcnz),l ch 1oro- 

formate (I 3.0 g, 0.07 17101) was added dropwise to a stirred solution of I.O-diaminn- 

hexane (15.0 g, 0.13 mol) III methanol (50 mL) hept at pH 3 wzlh 1% HCI. During 

the addition, the pH was maintained at 3-~3 by adding 7..5~1 NaOti. After being htirrcd 

for 18 h. the lnixture wah tilterccf. and the filtrate w:ts evaporated 111 IYI~WJ to ;4 rc.siduc 

that was suspended in water. and the suspension baGlied to pH I? tv~th 2.5~1 NaOH 

Chloroform ~‘a:, added to the solution. and the organic hycr nas separated, drlcd. 

and evaporated to an (111 that was dissol\,ed in dichlorometha~lc. Dry hydrogen 

chloride was bubbled into the solution at 0 to pH 1.0. The product \\a~ allowed to 

crystallize, and the suspension tiltcred, to grve I HCI as needles (7.0 g, 35 I’,,), m.p. 

330-311 ‘-. An analytical rumple was obtained by recrq,talli7atlol~ t’ro~rl cthvl xt’tatt 

methanol; m.p. X-124’. 

.4nn/. Calc. for C,,HI,CINIOI: C. 58.68: H. S.OX: Cl. 17.63: N, ‘1.77. Found: 

C, 58.46; H, 8.17: Cl, 13.X; N. Y.61. 

I-( N-AcetJ.l-Di -l~ot~loc~l..~tcitz~,ltrt)llrlo I-(,-(hrrl~~l~/r).\-_~~c~~/~.ho/~.~~i(/t~li,7c, )/I~,\-trtw (3 ). 

h’-Acetyl-[IL-homocysteinc thioiactonc (2; 1.53 g. 9.6 mmol) ~\a5 uddcd to ;I solution 

of I hydrochloride (7.75 g, 9.6 mmol) and iricthqlamine (I 35 ml_) in ethanol (50 

ml_). The mixture was stirred under nitrogen for 1 h. and c\,;~~o~;IJL’~ i/l W(W) to a 
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residue that was partitioned between chloroform (150 mL) and aq. sodium hydrogen- 
carbonate solution (100 mL). The organic layer was dried, and evaporated to a 
crystalline mass which was purified by column chromatography on silica gel with 
24 : 1 (v/v) chloroform-methanol as the eluant. Crystallization, and recrystallization, 
from ethyl acetate-methanol afforded pure compound 3 (2.0 g, 51 :d); m.p. 135-137”. 

Anal. Calc. for C,,H,,N,O,S: C, 58.65; H, 7.63; N, 10.26; S, 7.83. Found: 
C, 58.72; H, 7.69; N, 10.60; S, 8.00. 

I-[N-Acet~i-S-(cnrbo~~mei~~~l)-~~-~~o~~~oc~~te~n~~am~no]-6-(benz~lox~~carbo~~i- 
a~~~~~)~ze.~a~e (5). - Lead acetate trihydrate (0.48 g, 1.3 mmol) was added to a 
stirred solution of 3 (1.03 g, 2.5 mmol) and iodoacetic acid (4) (0.72 g, 2.5 mmol) 
in 75 “/:, ethanol (28 mL), and a yellow precipitate formed almost immediately. The 
mixture was stirred for 4 h at room temperature, filtered through Celite, and the solid 
washed with 75 “fO ethanol. The filtrates were combined, and evaporated in vacua to 
a syrup which was placed on a column of silica gel and eluted with 475 : 25 : 1 (v/v) 

chloroform-methanol-glacial acetic acid. Compound 5 was isolated as a syrup that 
crystallized on standing ( 1.0 g, 85 y{,). Recrystallization from ethyl acetate-methanol 
afforded pure 5, m.p. 128-I 30”. 

Anal. Calc. for C,,H,,N,O,S: C, 56.51; H, 7.11; N, 8.99; S, 6.86. Found: C, 
56.67; H, 7.30; N, 9.01; S, 6.98. 

Etfr_rl N-(N-ace?~i-DL-i?ol7aoc).‘stei~~l)QI~cinafe (6). - A mixture of glycine 
ethyl ester hydrochloride (25.1 g, 0.18 mol), 2 (28.6 g, 0.18 mol). and triethylamine 
(25 mL, 0.18 mol) in chloroform (300 mL) was stirred under nitrogen for 4 h at 
room temperature. Aqueous sodium hydrogencarbonate solution was added, and 
the organic layer was separated, washed with water, dried, and evaporated to a 
crystalline mass. Recrystallization from ethanol-ethyl ether afforded needles of 6 
(39.5 g, 84%); m.p. 112”; ml-_ 262 (Mf ). 

Anal. Calc. for C,,H,,N,O,S: C, 45.79; H, 6.92; N, 10.68; S, 12.22. Found: 
C, 46.24; H, 7.27; N, 10.49; S, 12.56. 

Etl?3~IN-~N-acet~i-S-[6-(benz~los~carbon?,Ialllino)hexJd]-DL iromoe)~teiny~~g~y- 
cinate (7). - A mixture of 6 (2.17 g, 8.3 mmol), 6-(benzyloxycarbonylamino)hexyl 
iodide’ * (2.92 g, 8.1 mmol), and sodium hydrogensulfite (I .O g, 9.7 mmol) in ethanol 
(15 mL) was stirred under nitrogen for 2 d at room temperature, and evaporated 
in vacua to a residue that was partitioned between chloroform and water. The organic 
layer was successively washed with aq. sodium thiosulfate and water, dried, and 
evaporated to an oil that was purified by column chromatography on silica gel with 

4 : 1 (v/v) chloroform-ethyl acetate as the eluant. Compound 7 crystallized from ethyl 

acetate, to give pure material (2.8 g, 7:;); m.p. 99-100”; m/z 495 (M)t and 450 

(M!- - OCH,CH,). 
Anal. Calc. for C,,H,,N,O,S: C, 58.16; H, 7.52; N, 8.48: S, 6.47. Found: C, 

58.23; N, 7.74; N, 8.33; S, 6.52. 

N- (N-Acef$- S - [6- (be~~~ioxJ~Lzrrb~~z~~affzino)l~es~l]-DL-~?ornocJ~ste~nJ~~fg~~ei~e 
(8). - Sodium hydroxide (2.5M: 0.9 mL) was added to a solution of 7 (1.1 g, 2.2 

mmol) in 2 : 1 (v/v) ethanol-water (5 mL). After 4 h at room temperature, the solution 
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filtered, and the filtrate was added to a stirred solution of ethyl 6-aminohe~anoate 

hydrochloride (1.28 g, 6.5 mmol) in DMF (5 mL) containing tr~etllylamine (OS mL, 

6.8 mmol). The mixture was stirred overnight at room temperature, and evaporated 

in vaeuo to a residue that was placed on a column of silica gel, and eluted with 9: 1 

(v/v) chloroform-methanol. The product was isolated as an oil that crystallized 

from ethyl acetate, to afford pure 12 (1.59 g, 81 3;): m.p. 125-127”. 

Auu/. Calc. for C,,H,,N,O,S: C. 57.72; H, 7.71: N, 10.52; S, 4.82. Found: 

C, 57.89; H, 7.99; N, 10.28; S, 4.93. 

N-[N-Are~_rl-S - j2-[6-(ben=~/o~~,carbonE’lavtlino)/ze.y~llamino] - -?-o.nx?~/?~~)-DL- 

honroc:~sfein?~l]-N-(S-~u~~~.~~~e~~~~)g~~~;~u~~?j~e (13). - Compound 12 (0.55 g, 

0.83 mmol) was treated with sodium hydroxide (2.5~; 0.3 mL) in 2 : I (‘v/v) ethanol- 

water (3 mL), and processed in the usual way, to give 13 (0.39 g, 747;): m.p. I IO-I 12” 

(EtOH-EtOAc). 

N-[ 2-O-(fW/?J?l’~ P-acetatllido-2,3-d~deos)‘-~-D-g/uco~.~~anosjd-3-~f)-D-iacto~l]- 

L-alanirze-D-iso~lutamine betzz_vl ester (metl~~d~-~pl~~oside of N-acet!~lmuram)l-L-alan~~- 

D-isoglutamine benz,vl ester) (14). - A suspension of the methyl /I-glycoside of N- 

acetyl-4,6-0-benzylidenemuramyl-~-alanyl-~-iso~l~~tamine benzyl ester’ (1.67 g, 

2.4 mmol) in 60”, acetic acid (25 mL) was boiled under reflux for 2 h. The solution 

was cooled, and evaporated in vacua to an oil that crystallized from methanol, to 

afford pure 14 (0.97 g, 63 To); m.p. 207-2 10” (dec. 1, [~]r f 8. I n (c 1.35, methanol); 

n.m.r. (CDCl,-CD,OD): 6 1.38, 1.41 (2 d, J 6.5 Hz, 3 CHCH,I, 1.96 (s, NHAc), 

2.50 (t, CH,CO), 3.49 (s, OCH,), 4.32 (d, J,.: 8.5 Hz, H-I 1, and 5.16 (s, CH2C,H,). 

Anal. Calc. for C~~~~~N~O~~ * CH,OH: C, 53.50: H, 7.05; N, 8.91. Found: 

C, 53.42: H, 6.77; N, 9.31. 

Gerzeral procedure fop. 6-0-acylation OJ 14. - A mixture of 14 (1.0 mmol), a 

carboxylic acid (I .2 mmol), DCC (1.2 mmol), and 4-(dimethylamino)pyridine (0.04 
mmol) in dry DMF (5 mL) was stirred under nitrogen overnight at room temperature, 

filtered, and the filtrate evaporated in vacua to a residue. The product was usually 

purified by column chromatography on silica gel, with 9 : 1 (v/v) chloroform-methanol 

as the eluant. 

Compourzd 16 was prepared from 14 and 5 in 58 “b yield; [a]2 + 10.8” (c 2.6, 

DMF). 

Anal. Calc. for C,,H,,N,O,,S . CH,OH: C, 55.70: H, 7.01: N. 9.09: S, 2.97. 

Found: C, 55.67; H, 6.96; N, X.81; S, 2.93. 

e~~~~~~~~ 17 was prepared from 14 and 8 in 72”. yield: [@]z + 10.1’ (c 1.05, 

methanol); n.m.r. (CDCl,-CD,OD): 6 1.38, 1.41 (2 d, 2 CHCH,), 2.46-2.64 (m, 

CH,SCH, and CH,CO), 3.16 (t, CH2NHZ), 4.34 (d. J,.? 8.0 Hz, H-l), 5.11, 5.16 

(2 s, - 7 CH,C,HS), and 7.37 and 7.38 (aromatic). 

Anal. Calc. for CA9H7rN7016S * H,O: C, 55.31; H, 6.91; N, 9.21. Found: 

C, 55.70; H, 7.05; IV, 9.17. 

Con~pou& 18 was prepared from 14 and 11 in 72 “; yield; [a];’ f8.4” (L’ 1.05, 

methanol); n.m.r. (CDCl,-CD,OD): S 1.37, 1.40 (2 d, 2 CHCH,), 2.50 (t, 
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CH,OCOBzl), 2.65 (t, CCH,S), 5. II, 5.15 (2 s, 2 CH,C,H,), and 7.37 and 7.38 

(aromatic). 

.4naZ. Calc. for C,,H,,N,O,,S . CH,OH: C, 55.02; H, 6.92; N, 9.87; S, 2.82. 

Found: C, 54.94; H, 7.24; N, 9.85; S, 3.05. 

Compound 19 was prepared from 14 and 13 in 66 % yield; [a]:’ + 1 I .3’ (c I .2, 

methanol); n.m.r. (CDCl,-CD,OD): 6 1.38, 1.40 (2 d, 2 CHCH,), 1.99, 2.04 (2 s, 

2 NHAc), 2.38 (t, OCOCH,), 2.51 (m, CH,OCOBzI), 2.66 (m, CCH,S), 5.10, 5.16 

(OCH,C,H,), and 7.37 and 7.38 (aromatic). 

Compound 20 was prepared from the benzyl cc-glycoside of N-acetylmuramyl-t_- 

alanyl-D-isoglutamine benzyl ester’ and 5 in 65 “/, yield; [K]? +60.5 ’ (c 1.04, DMF). 

.4naZ. Calc. for C,,H,,N,O,,S: C, 58.86; H, 6.74; N, 8.74; S, 2.86. Found: 

C, 58.80; H, 6.83; N, 8.71; S, 2.59. 

General procedure for deprotection of 6-O-acyl-MDP analogs (1619). - A 

mixture of the 6-O-acyl-MDP (100 mg), palladium chloride (100 mg), triethylsilane 

(1 mL), and triethylamine (200 pL) in dry oxolane (10 mL) was heated, with stirring, 

overnight at 40”. Methanol (1 mL) was added, and the mixture was stirred for 0.5 h 

at room temperature, and evaporated to a residue that was taken up in methanol. 

The suspension was filtered, and the filtrate was evaporated to a syrup which was 

chromatographed on a column of silica gel, using chloroform-methanol-water 

(6 :4: 1, and then 4:4: I, v/v) as eluant. The product isolated was usually a glass. 

Compound 21 was prepared from 16 in 35 % yield; [a]? 0” (c 1.1, methanol); 

R, 0.23 (solvent A); n.m.r. (D,O): 6 1.39, 1.45 (2 d, 2 CHCH,), 1.99, 2.06 (2 s, 

2 NHAc), 2.29 (t, CH,COOH), 2.73 ( m, SCH,C), 3.50 (s, OCH,), and 4.46 (d, 

Jr,, 8.5 Hz, H-l). 

Compound 23 was prepared from 17 in 24 % yield; [a];’ -0.9’ (c I .3, metha- 

nol); R, 0.15 (solvent A); n.m.r. (D,O): 6 1.39, 1.46 (2 d, 2 CHCH,), 2.0, 2.10 

(2 s, 2 NHAc), 2.30 (t, CH,COOH), 2.58-2.80 (m, CCH,SCH,C), 3.03 (t, CH,NH,), 

and 3.52 (s, OCH,). 

Compound 25 was prepared from 18 in 39 % yield, [a]: - 1.9’ (c 1.6, metha- 

nol); RF 0.15 (solvent A). An analytical sample was converted into the carbonate (salt). 

Anal. Calc. for C,,H,,N,O,,S . H,CO,: C, 47.22; H, 6.85; N, 11.90. Found: 

C, 47.24; H, 7.19; N, 11.45. 

Compound27 was prepared from 19 in 9 76 yield, [~]r -3.6” (c 2.3, methanol); 

R, 0.15 (solvent A). 

Hydrogenolysis of20. - A solution of 20 (100 mg) in glacial acetic acid (5 mL) 

containing palladium hydroxide (100 mg) was hydrogenolyzed at 40 lb.in.-’ over- 

night at room temperature, the progress of the reaction being monitored by t.l.c. 

The catalyst was filtered off, another batch of palladium hydroxide (100 mg) was 

added, and the mixture was again hydrogenolyzed under the same conditions. This 

process was repeated several times, until all of the 20 had disappeared; the catalyst 

was then filtered off, and washed with glacial acetic acid. The filtrates were combined, 

and evaporated in vacua to a residue which was placed on a column of silica gel, 

and eluted with 6:4: I (v/v) CHCl,-CH,OH-H,O. Fractions containing the major 
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product were combined, and evaporated to a syrup which was dissolved in D,O, 

and the solution freeze-dried (18 mg). This compound was identified as 6-O-acetyl- 

MDP by 300-MHz, n.m.r. spectroscopy; n.m.r. (D,O): 6 I .38, 1.43 (2 d, J 6.5 Hz, 

2 CHCH,), 1.98 (s, NHAc), 2.14 (s, OAc), 2.29 (t, CH,COOH), and 5.20 (d, J,,, 

3.5 Hz, H-l). 

General procedure ,for coupling of ligands 21, 23, 25, and 27 to meningococcal 

group C pol,vsuccharide. - A suspension of meningococcal group C polysaccharide 

(50 mg, containing O.IG mmol of N-acetylneuraminic acid residues), N-hydroxy- 

succinimide (2.0 mg, 19 pmol) and 3-(3-dimethylaminopropyl)-1-ethylcarbodiimide 

hydrochloride (4.0 mg, 19 pmol) in dry DMF (1 mL) was stirred for 3 h at 0”. A 

solution of the ligand (21, 23, 25, or 27; 16 ;lmol) in DMF (1 mL) was added to the 

foregoing mixture, and the suspension was stirred for another 3 h at 0”. The mixture 

was diluted with water (4 mL), and dialyzed against distilled water, with three 

changes of solvent. The solution was then lyophilized. to give the conjugate as a 

fluffy solid. Spinco analyses of the conjugates indicated the presence of 9-l 1 :A of MDP. 
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