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J. CARBOHYDRATE CHEMISTRY, 4 ( 3 ) ,  279-291 (1985)  

STAPHYLOCOCCUS AUREUS ANTIGENS, PART 111 : 
SYNTHESIS OF ARTIFICIAL DlSACCHARlDlC ANTIGENS. 

P. Boullanger. C.Andr6 and G.Descotes* 

Laboratoire Chirnie Organique 11. U.A. CNRS 463 
Universit6 Claude Bernard Lyon 1.43.Bd du 11 Novernbre 1918 

69622. Villeurbanne. France 

R e c e i v e d  M a r c h  1 5 ,  1 9 8 5  - F i n a l  F o r m  May 2 9 ,  1 9 8 5  

ABSTRACT 

Two ar t i f i c ia l  antigens re la ted t o  S.aureus have been synthesized 
t o  elucidate the influence of  the phosphodiester bond in the immunogenicity 
o f  the natural  r ib i to l  teichoic acid. 

INTRODUCTION 

Group antigens of  S.aureus are teichoic acids composed of  4-0- 

[2-acetamido-2-deoxy-~-glucopyranosyl~-~-ribitol phosphate w i t h  disaccha- 

r ide uni ts l inked by phosphoric diester bonds [Scheme 11. Both anomeric 

configurations are encountered in the natural  antigens w i t h  predominance 

of B -E_D-linkage~.~*~ - 

- 
- - 

Before undertaking the synthesis of  a r t i f i c ia l  antigens related t o  

S.aureus. we f i r s t  investigated the  immunological properties o f  synthet ic 

disaccharides 1 and 2 t o  conf i rm the pioneering results o f  J. Baddiley 

e t  a1.4 and t o  demonstrate that  compounds 1 and 2 are the immunodominant 

components o f  the so called AB and A a p o l y s a ~ c h a r i d e s . ~ * ~  

The d i f f icu l t ies in the pur i f icat ion of  the natural  antigen and i t s  

low immunogenicity were expected t o  be avoided w i t h  the synthesis 

of  a r t i f i c ia l  antigens of s imi lar  specificit ies. 

Copyright 0 1985 by Marcel Dekker, Inc. 
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280 BOULLANGER, ANDRE, AND DESCOTES 

r a n o m e r  : A- a polysaccharide Z - OPOz-. n = 20-50, R - O H  

- 2 Z = O . n =  l . R - H  

8-anorner : A-Bpolysaccharide 2 = OPOz-. n - 20-50. R = O H  

- 1 Z - 0 . n - l . R - H  

- 3 Z = ~ [ C H ~ I ~ O C O N H .  n = 3 O A O  

R = BSA 

Z = OPOz- ICHZIBCONH. n = 10-1 5 

R - BSA 

- 4 

SCHEME 1 

Since the role o f  the phosphate group in the immunogenicity 

o f  teichoic acids was not perfect ly understood.7 we undertook the synthe- 

sis o f  two ar t i f i c ia l  antigens 3 and 2 related t o  A 8 polysaccharide. 

but w i th  3 lacking the phosphodiester function. 

RESULTS AND DISCUSSION 

The coupling o f  disaccharide units t o  a carr ier protein was realized 

w i th  the 8-rnethoxycarbonyl group as a bridging arm because of this 

group l imi ted recognition9 for immunization. This approach was used 

to  obtain a r t i f i c ia l  conjugates f rom the disaccharide 1 corresponding 

to  the major S.aureus antigen. 
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STAPHYLOCOCCUS AUREUS ANTIGENS 281 

The reported strategy for  the synthesis o f  - l 5  had t o  be reinvesti- 

gated because it d id  not  al low the coupling o f  the spacer on C-1 o f  

the r ib i to l  residue. 

The expected haptens were obtained by t w o  d i f ferent  routes 

[Scheme 21. In the f i rs t  case, the bridging arm was introduced on C- 

1 of  the r ib i to l  residue before the glycosidation reaction. in the second 

case. a f te r  the glycosidation step. 

This strategy requires the occurence o f  a select ively - removable 

protect ing group on C-4 [path I1 o r  C-1 [path 113 o f  the r i b i t o l  residue. 

Despite the poor regioselect iv i ty o f  protection. the a l l y l  group was 

chosen because of  i t s  good s tab i l i ty  [no migrat ion during the glycosidation 

as in the case of  esters1 , good se lect iv i ty  o f  cleavage [in presence of 

other protect ive groups used in th is  work1 and ease o f  separation o f  

regioisomers - 6 and 7. 
Treatment of 2.3,5-tri-~-benzyl-~-ribitol [?I5 in DMF a t  room 

temperature w i t h  one equivalent o f  a l ly l  chloride using sodium hydroxide 

as the base gave almost completely monoallylated compounds S and 

- 7, separated by high performance l iquid chromatography, and recovered 

w i t h  27% and 45% overall yields respectively. 

The minor compound 6 was used in path I [Scheme 21. The d i rect  

e ther i f icat ion of - 6 w i t h  10-ethoxycarbonyl decanol in alkal ine medium 

was unsuccessful, but  compound 10 was obtained f r o m  9 by the Pinner 

react ion w i t h  6 and 11-bromoundecanitrile t o  give €I [78% yield]. The 

cleavage o f  the a l ly l  protect ive group t o  Q fo l lowed by t reatment  w i t h  

ethanolic hydrogen chloride gave compound 10 . af te r  hydrolysis 142% 

yield s tar t ing f r o m  El . The structures o f  r ib i to l  der ivat ives 5 t o  10 
were conf i rmed mainly by 3C NMR [Table 1 I. 

Glycosidation was then per formed w i t h  the oxazoline prepared 

"in si tu" f r o m  peracetylated glucosamine,l0 as already used fo r  the 

synthesis of  

- 

- - 
- 

t o  give the ful ly-protected hapten 13 146% yield]. 

The major monoallylated compound z was used in path I I  [Scheme 

21. w i t h  the same glycosidation procedure as previously mentionned. 

t o  give disaccharide 11 C71% yieldl. A f t e r  deprotect ion of 0-1 t o  give 

I 12. the condensation w i t h  6-methoxycarbonyl octanol was performed 

through a phosphite intermediate obtained w i t h  trichloroethylphosphorodi- 

- 
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28 2 BOULLANGER, ANDRE, AND DESCOTES 

O A l l  OBn OH OBn 

B n u n  Bn-OAlL Bn-OALI 
OBn 5 Oen 20 i B n  2 

P A T H - I  I PATH- I I  

OAc 

A c o l / \ / y l A c  

0 8n 

- 11 R' = ALI 
- 12 R' = H 

6 R' 

--c- 12 R' = ( CH2)loCOOEt,R=Ac,R'= Bn 
R'  = ( C H z ) l o C O O E t , R = A c , R ' =  H 

- 16 R'= ( C H 2 ) 1 0 C ~ O ~ e , ~ = ~ , ~ ' =  H 
-& R '  = PO(OCH2CC13)O(CH2)8(:0OMe ,R =Ac,R'= Bn 

12 R' = PO(0-)O (CHz)8COOMe,R = Ac,R'= Bn 
18 R' = P O ( O - ) O ( C H , ) g C O O M e , R = A c ~ R ' =  H 
19 R'  = PO(O-)O(CHz)gCOOMe,R=H,R'= H 

SCHEME 2 
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TABLE 1 
I3C NMR Chemical ShiFts [6 ,ppm) of Ribitol Derivatives a 

c1 c2 c3 c4 c5 A1 lyl 

- 5 61.3 80. lb 80. gb 70.7 72.0 

- 6 61.5 80.4 79.1b 79.4b 70.8 71.m l5.7/135.9 

7 70.8 79.43 80.4b 70.8 72.F 72.5c/115.9/135.5 

20 70.7 79.4b 79. Ob 78.9b 70.7 71.4/72.5/115.6/115.9/135.6/135.9 

- Ed 71 .lb 79.5c 79.OC 78.9C 70.Bb 71.4/1 15.6/135.Q [71 .4Ib 

- Qd 71.1b Bfl.5C 79.4c 70.8 72.4 [71 .41b 

- 1 fld 71 .gb 80.6c 79.5c 70.9 72.5 [71 .5Ib 

- 
- 

a Spectra recorded for solutions in acetone46 containing MeqSi as internal standard. A1 I of the spectra 
contain additional signals 173.8 2 0.1, 73.2 2 0.1 , 72.2 -f 0.21 corresponding to benzylic methylene 
groups [plus aromatic signalsl. 

b.c Assignments could be inverted : in parentheses are values of chemical shifts of the first merhylene 
group of the spacers. 

Additional signals 119.9 [CN] or 172.9/60.0/14.4 [COOEtl plus multiplets corresponding to the spacers. 
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STAPHYLOCOCCUS AUREUS ANTIGENS 285 

chloridite followed by ''in situ" oxidation.1 

rylated hapten 19 was thus obtained w i th  a 57% overall yield f rom 11. 

The fully-protected phospho- 

- 
Compounds - 13 and - 14 , containing spacers of comparable length, 

were then deprotected before coupling to  the carrier. Compound 13 
was hydrogenolysed on palladium and treated. without purification, 

w i th  methanol and sodium methylate to  provide - 16 [93% overall yield]. 

Compound 14 was f i rs t  treated w i th  the Zn/Cu couple in DMF to give 

- 17 before hydrogenolysis to  18 and methanolysis to  2. as previously 

described [72% overall yield]. 

The structure of each disaccharide was carefully assigned. mainly 

by 13C NMR [Table 21. 

Haptens and were separately converted to  the corresponding 

hydrazidee and used without puri f icat ion for the coupling on bovine 

serum albumine. following Inman's pr0cedure.l A f te r  dialysis against 

water and freeze-drying, the extent of coupling was estimated by the 

measurement of the 1-acetylglucosamine content in each c0njugate.l 

The percentage of incorporation of t o  the protein t o  give 3, was 

about three times higher than incorporation of  giving 5. This l imi ted 

coupling could possibly result f rom the cleavage of the phosphodiester 

bonds since the hydroxyl group on C-2 is well suited for the formation 

of a cyclic phosphate in alkaline or acidic medium. 

Both conjugates obtained were used for immunization of rabbits 

and tested for specificity against staphylococcal antibodies. Immunoche- 

mica1 results wi l l  be published elsewhere. 

EXPERIMENTAL 

General procedures. Melt ing points in capil lary tubes were deter- 

mined wi th  a Buchi apparatus and are uncorrected. Optical rotations 

were measured for solution in I-dm tubes w i th  a Perkin-Elmer 241 polari- 

meter. 13C and 31P NMR spectra were recorded w i th  a Varian XL- 

1 OOA spectrometer operating respectively a t  25.3 MHz [internal MeqSil 

and 40.5 MHz [internal H3POqI. Column chromatography was performed 

on sil ica gel Merck [230-400 mesh1 : preparative H.P.L.C.'s were perfor- 

med on a Waters Prep LC/System 500 wi th  Prep PAK-500 sil ica gel 
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286 BOULLANGER, ANDRE, AND DESCOTES 

column working a t  30 atm. pressure. Three solvent mixtures were used 

for  thin layer chromatography: A [ethyl acetate. hexane 2 : 31: B [ethyl 

acetate, hexane 1 :41: C [ethyl acetate, ether 1 : 11. 

A l ly la t ion o f  2.3.5-tri-0-benzyl-D-ribitol 5. Compound - 55 (27.92 

g, 66.08 mmol l  dissolved in DMF (200 mL1 was treated fo r  30 min a t  

room temperature w i th  powdered sodium hydroxide ( 1  .8 g, 45 mmoll 

before dropwise addition o f  a l ly l  chloride I4 mL. 48.87 mmoll. A f te r  

15 rnin. additional sodium hydroxide (0.6 g, 15 mmol l  and allylchloride 

( 1  mL. 12.22 mmol l  were added. The reaction was completed by a third 

addition a f te r  30 min [sodium hydroxide 15 mmol. a l ly l  chloride 6.1 1 

mmoll. The TLC [solvent A1 showed traces of  unreacted material [RF 

0.241 together w i th  three new compounds [RF 0.85. 0.68 and 0,611. The 

mixture was then poured in to acidic icy water. extracted w i th  ether, 

dried and the ether evaporated. The syrup thus obtained (27.16 g l  was 

then chromatographed on H.P.L.C. [eluent : ethyl acetate; hexane 1 :41, 

and three products were successively eluted w i th  a small amount of 

unreacted material 5. 
1,4-di-O-allyI-2.3,5-tri-O-benzyI-O-ribitoI - - -  20. Syrup [O.Xi g, 

3%): [ ( X I ~ ~  -3.0' [c 2.2, chloroform]; 13C NMR [tablel l :  Anal. Calcd. 

for  C32H3805: C. 76.46: H, 7.62. Found: C. 76.52: H. 7.67. 

-- 

-- 
D 

1-0-allyl-2.3.5-tri-0-benzyl-D-ribitol 7. Syrup ( 1  3.76 g, 45%); 

+ 22.3' [c 4.7. chloroform]: I 3 C  NMR [table 11; Anal. Calcd. 
-- _- - -  

for  C2gH3405: C. 75.30; H, 7.41. Found: C. 75.01: H. 7.42. 

4-0-allyI-2.3.5-tri-O-benzyI-D-ribitol 6. Syrup b.25 g, 27 %I; [a]23 
D -- - -- 

-6.9' [c 5.7, chloroform]: 1% NMR [tablet]: Anal. Calcd. for  C2gH3405: C. 

75.30; H, 7.41. Found: C. 74.97; H. 7.66. 

-- 4-O-allyI-2.3,5-tri-O-benzyI-l-~-[ - 1 1 -cyanoundecanyll-D-ribitol 8. 

Compound - 6 (8.02 g, 17.72 mmol l  in  dry DMF (3 mL1 was introduced 

through a syringe in to a mixture containing sodium hydride [4.5 g. 83.33 

mmoll in  dry freshly-distilled DMF (30 mL1. A f te r  30 min a t  room tempe- 

rature under nitrogen. 1 -bromo-1 1 -cyanoundecane (8.72 g, 35.44 mmol l  

was added and the mixture st irred for  18h. The usual extract ion procedure 

[ icy water / ether] l e f t  an oily material (13 g. 64%1 used without puri f i -  

cation in the next step. A small sample o f  !only was purif ied for identif i- 

cat ion purposes [TLC: solvent B. RF 0.403. [a] 23 - 2.25' [c  4.9, chloro- 
0 
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STAPHYLOCOCCUS AUREUS ANTIGENS 287 

form]: I 3 C  N M R  [table 11: Anal. Calcd. fo r  C ~ o H 5 3 0 5 N :  C. 73.52: H. 

8.51: N. 2.23. Found: C. 73.36: H. 8.60: N. 2.43. 

2.3.5 -tri-O-benzyI-l-O-[ - - 1 1-cyonoundecanyll-D-ribitol -- 9. A reac- 

t ion mixture of crude compound - B (5.1 g l  in ethanol [200 mL1 and water 

120 m l l  was ref luxed fo r  7h in the presence o f  1.4-diazabicyclo [2.2.2] 

octane (0.50 g l  and Wilkinsonk catalyst [0.50 g1.I5 A f t e r  12h a t  room 

temperature, the mixture was poured in to icy water and ext racted w i th  

ether. A f t e r  washing. drying and evaporation. the syrup thus obtained 

was redissolved in a 10: 1 acetone, water mix ture (50 mL1 and treated 

fo r  3h a t  room temperature w i t h  mercuric oxide 12.15 g. 9.94 mmoll 

and mercuric chloride [2.70 g, 9.94 mmoll. A f t e r  f i l t ra t ion  and the usual 

extract ion pr0cedure.l the syrup recovered was pur i f ied by column 

chromatography t o  give 5 (2.3 g. 56% overall yield f r o m  - 6: TLC: solvent 

B. RF 0.211; [a 1: + 17.8' [c 4.7, chloroform]; I 3 C  N M R  [table 11: 

Anal. Calcd. fo r  C37Hg405N: C, 75.60: H. 8.40: N. 2.38. Found: C, 

75.62: H. 8.53: N. 2.38. 

2,3,5-tri-O-benzyl-l-O-[1 - - 1 -ethoxycarbonylundecanyll-D-ribitol -- 10. A 

solution of 2 (1.37 g, 2.83 mmoll in dry ethanol (20 mL1 was saturated 

wi th  hydrogen chloride. A f t e r  2h a t  room temperature, nitrogen was 

passed through the solution. A f t e r  the solvent was evaporated and the 

residue s t i r red in water (30 mL1 for  18h. the resulting mixture was 

extracted w i th  ether, the ether solution washed w i t h  water, dried. and 

purif ied [TLC: solvent B, RF 0.311: recovered o i ly  mater ia l  (101 (1.04 

g, 72%1: [.I2: +17.g0 [c 4.6, chloroforml; 13C NMR [table 11: Anal. 

Calcd. fo r  C37H5407: C. 73.78: H. 8.57. Found: C. 73.59: H. 8.56. 

4-042-ace tam i do-3.4.6-t r i-0-ace t y I-2-deox y- -D-g I uco p yranosy II- 

I-0-allyl-2.3.5-tri-0-benzyl-D-ribitol - -- 11. The r ib i to l  derivative - 7 (9.09 

g. 20.09 mmoll. 8 -q-glucosamine pentaacetate c8.14 g. 20.91 mmoll. 

anhydrous iron tr ichloride E2.0 g. 12.33 mmoll and Dr ie r i te  (7.0 g l  were 

dried in vacuo a t  120° fo r  10 min in the reaction flask. A f t e r  sealing. 

the v ia l  was cooled t o  room temperature and flushed w i t h  dry nitrogen. 

D r y  alcohol-free dichloroethane I 1  10 mL1 was introduced through a 

syringe and the mixture was then gently ref luxed fo r  2h. The mixture 

was cooled t o  room temperature and additional reagents added t o  the 

reaction mixture IN.N.N',N'-tetrarnethylurea. 1 mL. 8.3 rnmol; i ron 

-- - 
-- 
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288 BOULLANGER, ANDRE, AND DESCOTES 

tr ichloride 0.8 g, 4.9 mmol ; 8-~-glucosamine pentaacetate. 4.18 g, 

:0.73 mmoll. A f te r  a 2-hour re f lux the same operation was performed 

again. the mixture was ref luxed for  another 2 hours and then le f t  a t  

room temperature overnight. A f te r  f i l t rat ion. the organic ext ract  was 

evaporated and redissolved in  ether (500 mL1. The ethereal solution 

was washed once w i th  1% aqueous sodium bicarbonate (200 mL1 and 

twice w i th  water before evaporation. The brown syrup thus recovered 

was then chromatographed on sil ica gel using an elut ion gradient o f  

ethyl acetate, hexane 1 : 1 to  2.5 : 1. 

The purif ied material (11.76 g. 71%; TLC: solvent C. RF 0.611: 

crystall ized and was then recrystall ized f rom ether/petroleum ether. 

mp 57-58 OC; [ ,123 -7.6' [c 5.0. chloroform]; 13C [table 21: Anal. Calcd. 

for C43H53013N: C. 65.22; H. 6.74; N, 1.77. Found: C. 64.96; H. 7.06; 

N. 1.70. 

0 

-- 4-0-[2-acetamido-3,4.6-tri-~-acetyI-2-deoxy- 8-0-glucopyranosyll- 

2.3.5-tri-0-benzyl-0-ribitol 12. The same experimental procedure was -- -- 
used as for  the cleavage o f  t o  2 and a crystall ine mater ia l  was recovered 

af ter  puri f icat ion and recrystal l izat ion f rom ether (84% yield; TLC: 

solvent C. RF 0.443. mp 65-66 OC; -6.1' [c 2.7, chloroform]; 13C 

NMR [table 21; Anal. Calcd. for  C40H49013N: C, 63.90; H. 6.57; N. 

1.86. Found: C. 63.8 1 ; H. 6.56: N. 1.87. 

-- 4-0-[2-acetamido-3,4.6-tri-O-acetyI-2-deoxy-B -D-glucopyranosyll- 

2.3,5-tri-O-benzyI-l-g[l - I-ethoxycarbonylundecanyll-D-ribitol 13. The same 

glycosidation procedure was applied to  compound 10 as for derivative 

- 7. An oi ly mater ia l  was recovered a f te r  puri f icat ion [48%; TLC: solvent 

C, RF 0.583. [.I2,' - 8.5" [ c  3.5, chloroform]; 13C NMR [table 21; Anal. 

Calcd. for C53H73015N: C. 66.02; H. 7.63: N. 1.45. Found: C. 65.85; 

H. 7.86; N. 1.39. 

-- 4-0-[2-acetamido-3.4.6-tri-~-acetyI-2-deoxy-B -D-glucopyranosyll-2.3. 

- I ~  5-tri-O-benzy I-D-ri b i  tol-l-[2.2.2-trichloroethyl. 8-methoxycarbonyloctyll- 

phosphate - 14. Disaccharide 12 (4.23 g, 5.63 mmoll dissolved in  dry THF 

[12 mL1 was added dropwise a t  -78 OC to  a mixture of  2.4.6-trime- 

thylpyridine (5 mL, 37.7 mmoll, trichloroethylphosphorodichlorite (1.5 

mL. 10.18 mmol l  and THF 120 mL3. A f t e r  5 min. 8-methoxycarbonyi 

octanol 13.7 g. 19.7 mmoll in THF 15 mL1 was added and the mixture 
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STAPHYLOCOCCUS AUREUS ANTIGENS 289 

was allowed t o  gradually reach -20 "C. Pyridine [8 mL1 was then added, 

followed by the oxidative solution containing iodine [0.24 mmoll and 

2.q.6-trimethylpyridine l0.49 mmoll per ml of solvent [THF, water 2: 

11. The la t te r  solution was added until a deep-red color persisted. A f t e r  

evaporation of solvents, the mixture was redissolved in chloroform, 

washed w i th  dilute aqueous sodium bisulfite. di lute hydrochloric acid, 

and water. Evaporation o f  solvents followed by column chromatography 

[eluent: e thy l  acetate, ether 1:11 l e f t  a syrupy colorless mater ia l  l4.34 

g, 68%: TLC: solvent C. RF 0.551. PJ23-12.6O [c 4.7, chloroforml: 13C 

NMR [table 21: 31P N M R  6 Ippm. CDC131 -2.45 and -2.30; Anal. Calcd. 

fo r  C52H69018NPC13: C. 55.10: H. 6.14; N. 1.24; P. 2.73; CI. 9.38. 

Found: C. 55.10: H. 6.35: N, 1.31: P, 2.66: CI. 9.06. 

4-0-[2-acetamido-2 deoxy- B-D-g lucopyranosy 11-1 -0-I - 1 1 -met hoxy- -- 
carbonylundecanyIl-0-ribitol 16. Compound 13 11.36 g, 1.41 mmoll dissol- 

ved in acetic acid (30 mL1 was hydrogenolyzed fo r  24 h in the presence 

of 5% palladium-on-charcoal [400 mgl. A f t e r  f i l t ra t ion  and evaporation. 

the residue was dissolved without pur i f icat ion in methanol [40 mL1 contai- 

ning a trace o f  sodium. A f t e r  overnight s t i r r ing and neutral izat ion [acidic 

resin]. the mixture was evaporated and purif ied by column chromato- 

graphy [eluent: ethyl acetate. methanol 6:11 t o  leave a homogeneous 

material [93%1 which was freeze-dried. 1, ]2O -8.0' [c 2.5, water]; 13C 

NMR [table 21; Anal. Calcd. fo r  C25H47012N. H20: C. 52.53: H. 8.60: 

N. 2.45. Found: C. 52.60: H. 8.60: N. 2.50. 

D 

-- 4-0-[2-acetamido-3.4,6-tri-~-~etyI-2-deoxy-~-D-glucopyranosyl~- 

2,3,5-tri-0-benzyI-D-rib~tol-l-~8-methoxycarbonyloctyl~-phosphate - 17. 

Compound 12 l6.56 g, 5.79 mmoll dissolved in dry DMF [85 mL1 was 

treated a t  40 O C  under nitrogen w i t h  zinc/ copper couple (7 g].17 A f t e r  

f i l t ra t ion  and evaporation. the recovered material was chromatographed 

on si l ica gel [ethyl acetate, methanol 2: 11 t o  leave an amorphous mater ia l  

14.55 g, 77%). 13C NMR [table 21: 3 l P  N M R  6 [pprn. CDC131: - 2.76. 

-- 4-0-[2-acetamido-3.4.6-tri-O-a~etyI-2-deoxy- - 6 - -D-glucopyranosyll- 

0-ribitol-148-methoxycarbonyIoctyI1-phosphate 18. The preceding 

material was hydrogenolyzed in DME for  30 h over 10% palladium- 

on-charcoal (700 rng]. A f t e r  f i l t ra t ion  and evaporation. a solid material 

was recovered [93%1. 13C NMR [table 21; 31P NMR 6 [ppm. CD30DJ: 

-2.82. 
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-- 4-0-[2-acetamido-2-deoxy+ -D-g lucopyranosy I]-0-ri b i  t o  1-1 -[B-rnetho- 

xycarbonyloctyIl-phosphate [sodium salt]  Is. Compound 18 (2.64 g. 3.2 

mmol l  dissolved in dry methanol (100 mL3 was treated w i th  1.05 eq. 

o f  sodium a t  4 OC for  24h. A f te r  neutralization [H+ resin1 of  the excess 

of  sodium methylate. f i l t ra t ion  and evaporation, compound [97%3 

was recovered as a hygroscopic crystall ine material. Pure Is was obtained 

by treating the crude product w i th  an excess cyclohexylamine. A f te r  

evaporation and washing w i th  ether. the purif ied compound was obtained 

by retreatment on a Na+ resin and recrystall ization f rom a mixture 

methanol. ethyl acetate: mp 59-61 'C: [a]',' -7.8' [c 0.4. water]: 13C 

NMR [table 21: 31P NMR 6 [ppm. D201 + 1.12: Anal. Calcd. for 

C23Hq3015NPNa. 2.5 H20: C. 41.07: H. 7.19: N. 2.08: P. 4.61. Found: 

C. 40.68: H. 6.71: N. 1.95: P. 4.53. 

Preparation of  a r t i f i c ia l  antigens 3 and 4. Compounds 16 and 

18 respectively were f i rs t  act ivated a t  the terminal end of  the spacer 

by hydrazinolysis according t o  Lemieux's procedurea (150 mg were st irred 

for  24 h in  3 mL of  85% aqueous hydrazine monohydratel. The hydrazides 

thus formed (40 mgl  were separately dissolved in DMF ( 1  mL1 and treated 

a t  -25 'C w i th  a 4N hydrochloric acid solution in  dioxane (70 1-1 L1 and 

then t-butyl n i t r i t e  (10 mg. 0.1 mmol] in  DMF 10.1 mL1. A f te r  30 min 

a t  -25 OC, sulfamic acid (7 mg l  in  DMF lO.1 mL3 was added and st irr ing 

was continued for  15 min. The acyl azides thus formed were used direct ly 

in  solution. The above mixtures were added dropwise to  BSA 165 mgl  

dissolved in aqueous 0.08 M Na2B407 and 0.35 M K H C 0 3  a t  O'C. The 

solutions were dialyzed against water in a Diaf lo  u l t ra f i l t ra t ion  cell 

[equipped w i th  a PM-10 membrane] and freeze-dried. 

- 

Incorporations of haptens were calculated by determination of 

the glucosamine content o f  "synthetic" glycoconjugates. The ar t i f ic ia l  

antigens - 3 and - 4 were f i rs t  hydrolyzed w i th  3N HCI a t  95 O C  for 4h 

and the y -ace ty l  glucosamine content determined, a f ter  reacetylation. 

by the modif ied Morgan-Elson r e a ~ t i 0 n . l ~  The numbers of  moles of  

bound haptens per mole of  BSA [Mw- 650001 are those given in Scheme 

1. 
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