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ABSTRACT 

M e t h y l  2,6-dideoxy-4-0-methyL- - a -&- a r a b i n o  -hexopyranoside 13 
and i t s  L-enantiomer - 14 were syn thes i zed  i n  a 5-step sequence 

s t a r t i n g  f rom e i t h e r  6-deoxy-D-glucal o r  L-rhamnal. The &-enantio- 

mer uas proven t o  be i d e n t i c a l  w i t h  t h e  non-reducing sugar o f  t h e  

t e t r a s a c c h a r i d e  mo ie ty  o f  t h e  major  pheno l  g l y c o l i p i d ,  a c e l l  w a l l  

a n t i g e n  of  Mycobacter ium k a n s a s i i .  
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7 34 GILLERON ET AL. 

INTRODUCTION 

Mycobacteria are impor tant  pathogens o f  man1 and animals.2 The 

no to r ious  ones are - M. tubercu los is3  and - -  M. leprae4 which are res -  

p e c t i v e l y  the  e t i o l o g i c  agents o f  over 20 m i l l i o n  cases of human 

tube rcu los i s  and leprosy main ly  loca ted  i n  the developing world. 

Other a t y p i c a l  mycobacterial, main ly  the M. avium complex and M 
kansas i i  a re  a l so  the  causes o f  human diseases resembling tuber-  

culosis.5 These o p p o r t u n i s t i c  pathogens have a l so  been found t o  be 

the  e t i o l o g i c a l  agents of disseminated i n f e c t i o n s  i n  p a t i e n t s  w i t h  

acqui red immunodeficiency syndrome6 ( A I D S ) .  

- -  - 

A t  the  present  time, the  i d e n t i f i c a t i o n  o f  the mycobacteria 

respons ib le  f o r  p a t i e n t  i n f e c t i o n s  i s  based on b a c t e r i o l o g i c a l  

c u l t u r e  tes ts .  The search f o r  s e r o l o g i c a l  t e s t s  i s  an impor tant  

chal lenge aiming f o r  an e a r l i e r  d iagnosis  o f  mycobacter ia l  i n fec -  

t i ons .  Such a s t ra tegy  permi ts  more s p e c i f i c  chemotherapy a t  t he  

s t a r t  o f  an i n fec t i on .  Main ly  f rom Goren and Brennan's research7,a 

th ree  classes o f  g l y c o l i p i d s  : the  C-mycoside g lycopept ido l ip ids ,  

t he  t reha lose  con ta in ing  l i poo l i gosacchar ides  (LOS) and the pheno- 

l i c  g l y c o l i p i d s  (Phe G I ) ,  a r e  t he  s p e c i f i c  immunoreactive com- 

pounds o f  non-tubercu lous  mycobacter i a 1 pathogens. 

The - M. kansas i i  wa l l s  con ta in  bo th  pheno l ic  g l y c o l i p i d s 9  and 

LOSlo antigens. The major Phe G I  o l igosacchar ide  moiety i s  a te-  

t rasaccharide con ta in ing  the  2,6-dideoxy-4-0-methy - 1- a -k-arabino- 

-hexopyranosyl r e s i d u e . l l t l 2  

The present manuscript repo r t s  the  synthes is  o f  the methyl 

2,6-dideoxy-4-0-methyl- a -D-arabino-hexopyranoside - as w e l l  as i t s  

L-enantiomer. By s e r o l o g i c a l  t e s t s  us ing  enzyme-linked immunosor- 

bent assays (ELISA) on ly  the  D-enantiomer was shown t o  p a r t i a l l y  

i n h i b i t  the  immunochemical l inkage o f  t he  pheno l ic  g l y c o l i p i d  

towards r a b b i t  po l yc lona l  an t i bod ies  anti-Phe G I .  

- - 
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THE GLYCOLIPID PHENOLIC ANTIGEN OF MYCOBACTERIUM KANSAS11 735 

RESULTS AND DISCUSSION 

Synthesis 

Methy l  2,6-dideoxy-4-0-methyL- a -0-arabino-hexopyranoside - 13 

and i t s  L-enantiomer 14 were synthesized according t o  the sequence 

dep ic ted  i n  Scheme I. 
1,5-Anhydro-2,6-dideoxy-~-arabino-hex-l-enitol 1 (6-deoxy-D- - 

gLucal) was prepared from the commercially avai  t ab le  

3,4,6-t r i-O-acetyL-~-gLuca 1 . I3  Methoxymercura t i o n  o f  compound 1 
was performed as p rev ious l y  reported14 f o r  the enantiomeric 

L-rhamnall5 and yieLded the c rys taL l i ne  methyl 2-acetoxymercurio- 

2,b-dideoxy- QL -D-mannopyranoside - - 3 (48 X a f t e r  r e c r y s t a l l i t a t i o n  

f rom MeOH). Reductive demercuration o f  3 w i t h  methanolic sodium 

borohydr ide gave methyl 2,6-dideoxy-a-D-arabino-hexopyranoside - - 5. 
The h igh  va lues (9.0-9.5 Hz) o f  J3,4 and 54,s i n  the  1H NMR spec- 

trum o f  - 3 and i t s  3,4-diacetate - 6 i n d i c a t e  a 4C1-D conformation 

f o r  each compound and the  Lou value (3.5 H t )  of J1,2 i n d i c a t e s  

MeO-I and AcOHg-2 t o  be - t r a n s - d i a x i a l  (Table I). Methoxymercura- 

t i o n  fo l lowed by reduc t i ve  demercurationl4,15 of 
1,5-anhydro-2,6-dideoxy-~-arabino-hex-l-enitol2 - (L-Rhamnal) - y i e l -  

ded methyl 2,6-dideoxy- a -k-arabino-hexopyranoside - 7 (61 X a f t e r  

r e c r y s t a l l i z a t i o n  from MeOH). 

Reg iose lec t ive  2 - to luenesu l fony la t i on  o f  e i t h e r  compound - 516 o r  

i t s  enantiomerl7,23 - 7 has been a l ready reported. S imi la r ly ,  t r e a t -  

ment o f  t he  g lycos ides  - 5 and - 7 w i t h  - tert -butyldiphenylchlorosi lane 

i n  -- N,N-dimethylformamide i n  the presence o f  im idazo le l8  gave the  

corresponding 3 -0 -s i l y l a ted  - d e r i v a t i v e s  - 8 and - 10 i n  h igh  y ie ld .  

When the  s i l y l e t h e r  - 8 was acetylated, t he  s i g n a l  f o r  H-4 i n  the  

NMR spectrum of compound 9 was s h i f t e d  t o  lower f i e l d  by 1.57 ppm 

(Table I )  i n d i c a t i n g  t h a t  s i  l y l a t i o n  had occured e x c l u s i v e l y  a t  

the  2-3 pos i t i on .  

Surpr is ing ly ,  the  f r e e  hydroxy l  group i n  bo th  compounds - 8 and 

- 10 e x h i b i t e d  poor r e a c t i v i t y .  Methy la t ion  us ing  sodium hydr ide as 

a base i n  te t rahydro furan  y i e l d e d  a mix tu re  o f  products, due t o  

- = 

- - - 
- - 

- - 
- 
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736 GILLERON ET AL. 

the  m ig ra t i on  of the s i l y l  p r o t e c t i n g  group and exhaust ive de- 

s i l y l a t i o n .  When - n-Bul i  (1.0 eq.) was used i n  order t o  generate 

the  alcoholate, me thy la t i on  occured bu t  the a l k y l a t i o n  process 

stopped a f t e r  20 t o  40 X conversion o f  the s t a r t i n g  alcohol. The 

h igh  r e a c t i v i t y  o f  methyl t r i f  luoromethanesulfonate (methyl t r i -  

f l a t e )  make i t  a s u i t a b l e  reagent f o r  methy la t ion  o f  carbohydrates 

under m i  I d  conditions.l9,20 Indeed, treatment o f  compounds - 8 and 

- I 0  w i t h  methyl t r i f l a t e  i n  the presence o f  the s t rong ly  s t e r i c a l l y  

h indered base 2,6-di - t e r t - b u t y l p y r i d i  - ne a f fo rded  the met hy l a t e d  

d e r i v a t i v e s  - 11 and - 12 i n  86 X y ie ld .  According t o  t h i s  process, a 

l a rge  excess o f  t he  a l k y l a t i n g  reagent and o f  t he  expensive base 

were needed. Use o f  - n-BuLi as a base prov ided an econimic a l t e r -  , 

n a t i v e  f o r  t h i s  a l k y l a t i o n  step. Although the  y i e l d s  were lowered 

t o  60-70 X ,  the  unreacted a lcoho ls  could be recovered then repro- 

cessed. 

F ina l l y ,  compounds - 11 and - 12 were d e s i l y l a t e d  us ing  - n- te t ra -  

butylammonium f l u o r i d e  i n  tetrahydrofuran.21 Compound - 11 a f fo rded  

the  new methy l  2,6-dideoxy-4-0-methyl- ff -1-arabino-hexopyranoside 

- 13 as a c r y s t a l l i n e  mater ia l .  I t s  p h y s i c a l  data were i n  f u l l  

agreement w i t h  the  expected s t ruc tu re .  S imi la r ly ,  compound - 12 

a f fo rded  the known L-enantiomer - 14.22t23 Th is  l a t t e r  product  was 

p rev ious l y  repor ted  as a c r y s t a l l i n e  m a t e r i a l  f i r s t  by Yoshimura 

e t  at.  22 then by Monneret e t  al.23 Our shor t  syn thes is  o f  bo th  

D- and L-enantiomers 13 and 14 s t a r t i n g  e i t h e r  from 6-deoxy-L- 

g l u c a l  - 1 o r  from k-rhamnal - 7 us ing  the  r e g i o s e l e c t i v e  s i l y l a t i o n  

descr ibed above, o f f e r s  an a l t e r n a t i v e  rou te  t o  the  p rev ious l y  

repor ted  syntheses f o r  compound - 14.24,25 

- - 

L 

- - - - - - - 

Sero log i ca l  p r o p e r t i e s  

The 2,6-dideoxy-4-0-methyl-arabino-hexopyranosyl res idue has 

been found as t h e  non-reducing te rm ina l  carbohydrate o f  Phe G I  

K-111, the major ant igen o f  M. kansasi i .  We used t h i s  b i o l o g i c a l  

p roper ty  t o  prepare r a b b i t s  p o l y c l o n a l  anti-Phe GL K-I sera, 

whose s p e c i f i c i t y  i n  the mycobacter ia l  genus uas shown t o  be res- 

t r i c t e d  t o  the kansas i i  and g a s t r i  species.26 

- 
- 
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TABLE I 

'H NMR (300 MHz) data 

Chemical shifts ( 6 ) reported in PP~ 

H- 1 
4.73 
4.75 
4.58 
4.13 
4.57 
4.47 
4.02 
4.71 

H-2e 
2.13 
2.22 
1.90 
1.93 
1.87 
1.65 
1.71 
2.12 

H-2a 
1.68 
1.76 
1.69 
1.64 
1.71 
1.53 
1.52 
1.68 

H-3 
3.89 
5.24 
4.04 
3.62 
4.21 
4.18 
3.79 
3.94 

H-4 
3.11 
4.73 
3.22 
3.23 
4.79 
2.81 
2.83 
2.70 

First-order coupling constants (Hz) 

J1.2e '1,2a J2e,3 J2a,3 
1.0 3.5 5.0 11.5 
1.0 3.5 5.5 11.5 
1.0 3.2 5.0 11.5 
2.0 10.0 5.0 11.5 
1.0 3.5 5.0 11.0 
1.5 3.5 5.5 11 .o 
2.0 10.0 5.0 11.5 
1.0 3.5 5.0 11.5 

J2e, 2a 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 
12.5 

downfield from Tws as an internal standard 

H-5 
3.62 
3.82 
3.51 
3.15 
3.60 
3.50 
3.15 
3.60 

J3,4 
9.0 
9.5 
9.0 
9.0 
9.4 
9.0 
9.0 
9.2 

He-1 
3.32 
3.32 
3.18 
3.38 
3.16 
3.12 
3.33 
3.30 

J4,5 
9.0 
9.5 
9.0 
9.0 
9.4 
9.0 
9.0 
9.2 

He-4 
- 
- 
- 
- 
- 
3.54 
3.58 
3.57 

'5.6 
6.5 
6.5 
6.2 
6.5 
6.3 
6.3 
6.0 
6.3 

Me-5 

1.30 
1.18 
1.25 
1.31 
1.12 
1.27 
1.33 
I .30 

Others 
OH 2.3-2.2 
Ac 2.04 and 1.99 
Ph 7.73-7.35.t-Bu 1.07, OH 2.04 
Ph 7.73-7.35,t-BU 1.05. OH 2.10 
t-Bu 1.06, AC 1.85 
Ph 7.76-7.32.t-Bu 1.07 
Ph 7.77-7.30.t-BU 1.07 
OH 1.54 (2.34) 
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738 GILLERON ET A L .  

HO 

1 

R = H  

9 R = A c  

1_1 R = CH, 

HO Q 

OCH, 
I 

OCH, 

OCH 
I 

HO 

R 

12 - R=cH,  Scheme 1 
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1 1 5 10 
0 1 2  

, I  

0 1 2  5 10 

m g / m l  

Fig. 1 : ELISA i n h i b i t i o n  a c t i v i t y  of t h e  s y n t h e t i c  monosaccha- 

r i d e s  a g a i n s t  r a b b i t  p o l y c t o n a l  ant i -Phe G l  K - I  sera. The 

g e n e r a l  p r o t o c o l  i s  desc r ibed  i n  t h e  exper imen ta l  sec- 

t i o n .  

*monosaccharide - 13, # monosaccharide 3, m e t h y l  a 
-D-g Lucopy ranos i  de, me thy l  OL -D-ga Lactopyranosi  de. - - 
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7 40 GILLERON ET AL. 

The an t igen ic  p r o p e r t i e s  o f  compounds - 13 and - 14 towards t h i s  

anti-Phe G I  K - I  serum uere analyzed accord ing t o  two ELISA me- 

thods. I n  a f i r s t  procedure, these monosaccharides were coated i n  

inc reas ing  amounts11 (from 3 ~ g l m L  t o  1 mg/mL, 5 0 p L  per we l t )  and 

compared t o  the  n a t i v e  Phe G I  K - I  an t igen (3  pg/mL, 50 p L  per  

wel l ) .  No a c t i v i t y  could be detected a t  any monosaccharide con- 

cen t ra t i on  (average DO 405 nm = 0.03 ? 0.02) compared t o  the Phe 

G L  K - I  p o s i t i v e  reac t i on  (0.720 0.02). From these data, com- 

pounds - 13 and - 14 appeared i n a c t i v e  us ing  d i r e c t  ELISA pro toco l .  

The second procedure used was the i n h i b i t i o n  ELISA method.27~28 

A f t e r  Phe G I  K - I  coating, f o l l o w i n g  the  usua l  technique, t h e  a n t i -  

Phe G I  K - I  serum was added together  i n  s o l u t i o n  w i t h  compounds - 13 

o r  - 14. The monosaccharide concentrat ions i n  PBS b u f f e r  con ta in ing  

1 X o f  BSA were : 0, 10-3, 10'2, 1, 2, 5 and I 0  mg/mL. A f t e r  over- 

n i g h t  incubat ion  the  adsorbed immune complexes were q u a n t i f i e d  

f o l l o w i n g  the  c l a s s i c a l  @-galactos idase conjugate system. By t h i s  

technique the  i n h i b i t i n g  a c t i v i t i e s  of methy l  CY -D-glucopyrano- 

side, methyl a-D-galactopyranoside and monosaccharides - 13 and - 14 

uere compared (Fig. I>. 

Figure 1 shows no i n h i b i t i n g  a c t i v i t y  of methyl a-D-glucopy- 

ranoside, methy l  a-D-galactopyranoside and monosaccharide - 14 a t  

any concent ra t ion  tes ted  wh i l e  a t  a 10 mg/mL concent ra t ion  t h e  

monosaccharide - 13 i n h i b i t s  almost t o t a l l y  the  Phe G I  K - I  s p e c i f i c  

binding. 50 X o f  the  a c t i v i t y  remaining i s  obta ined w i t h  about 1 

mg/mL i .e. a t  6.2 mM. So, t he  2,6-dideoxy-4-0-methyl-a-~-arabino- 

hexopyranosyl res idue behaves as t h e  immunodominant ep i tope o f  t he  

Phe G l  K-I antigen. 

= 
= 

L. 

3. 

- - 

EXPERIMENTAL 

Synthesis 

General methods : Me l t i ng  p o i n t s  were determined on an E lec t ro -  

thermal  d i g i t a l  me l t i ng  p o i n t  apparatus and are corrected. 1H NMR 

spect ra were recorded on a Bruker  AM 300 WB instrument. Mass spec- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
3
0
 
2
3
 
J
a
n
u
a
r
y
 
2
0
1
1



THE GLYCOLIPID PHENOLIC ANTIGEN OF MYCOBACTERIUM KANSAS11 741 

t r a  were determined on a Ribermag R-10- 10 C instrument us ing  NH3 

desorp t ion  chemical i o n i z a t i o n  mode. O p t i c a l  r o t a t i o n s  were measu- 

red  on a Perkin-Elmer Model 241 po la r imeter  a t  ambient tempera- 

ture.  I R  spect ra were recorded on a Perkin-Elmer Model 177 spec- 

trophotometer and are repor ted i n  wave numbers (cm-1). 

A n a l y t i c a l  TLC was performed on 0.25 mm pre-coated s i l i c a  g e l  

p l a t e s  purchased from E. Merck. Products were p u r i f i e d  us ing  the 

f l a s h  chromatography technique on K iese lge l  60 (230-400 mesh ASTM, 

0.040-0.063 mm) purchased from E. Merck. 

Commercial grade reagents and so lvents  were used as supp l ied  

w i t h  the f o l l o w i n g  exceptions : methylene chloride, d i s t i l l e d  over 

phosphorus pentox ide ; ether  and hexanes, d i s t i l l e d  over ca lc ium 

hydr ide  ; -- N,N-dimethylformamide (DMF), d r i e d  over L inde type 4A 

molecular s ieves then d i s t i  L led under reduced pressure and t e t r a -  

hydrofuran (THF),  d i s t i l l e d  over sodium benzophenone k e t y l .  

Every r e a c t i o n  s e n s i t i v e  t o  oxygen o r  mois ture was run under 

an argon atmosphere. 

Elemental analyses were obta ined from the Serv ice Cent ra l  

d'Analyse du Centre Na t iona l  de l a  Recherche S c i e n t i f i q u e  

(Vernaison, France). 

Methy l  2-acetoxymercurio-2,6-dideoxy-a-~ -mannopyranoside - 3 

Q u a n t i t a t i v e  methoxymercuration o f  6-deoxy-D-glucall3 - - 1 (3.00 

g, 23.1 mM) was achieved accord ing t o  Ref. 14. Pure compound - 3 was 

obta ined a f t e r  two r e c r y s t a l l i z a t i o n s  from methanol (4.66 g, 

48 XI, mp 146.4"C ; [a]?= + 5"  ( c  - 0.63, Methanol). 

- 

Anal. Calcd f o r  C9 HI6 Hg 06 : c, 25.69 ; H, 3.83. Found : C, 

25.99 ; H, 4.00. 
Methy l  2-acetoxymercurio-2,6-dideoxy-a-~-mannopyranoside 4 

Pure L-enantiomer 4 was obta ined from q u a n t i t a t i v e  methoxymer- 

c u r a t i o n  o f  L-Rhamnall5 - 2 (1.21 g, 9.62 mM) accord ing t o  Ref. 14 

(2.48 g, 61 X a f t e r  two r e c r y s t a l l i z a t i o n s  from methanol), mp 

145"C,[a]?= - 5" (c - 1.28, Methanol) ; (lit.14 mp 150-152°C (from 

acetOne),[a]Y= - 5" ( c  - 0.57, Methanol), lid5 mp 145-150°C (from 

methanol-ether), [ a ] % =  - 2" ( c  - 1 .OO, Methanol). 

L - 
- - 
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742 GILLERON ET AL. 

Met hy L 2,6-di deoxy- a - p a  r a b i  no-hexopyr anosi de - 5 1 6 ~ 2 9 ~ 3 0  

Reductive demercuration o f  compound 2 (3.01 g, 7.15 mM) was 

performed accord ing t o  Ref. 14 t o  y i e l d  t h e  syrupy dideoxy g l y -  

coside - 5 (1.05 g, 90.7 XI, [a]? = + 149" ( c  - 0.54, Acetone) ; 

( l i t . 2 9 [ a ] r =  + 120" (c - 2.0, Water) ; 1H NMR (Table I) ; MS (C7 

Hi4 04, M.W. = 162) : 180 (26) (M + NH4)+, 148 (100) (M + NH4 - 
C H ~ O H )  + . 

A sample o f  compound 5 was ace ty la ted  (ace t i c  anhydride, py- 

r i d i n e )  t o  g i v e  the  d iace ta te  - 6 ;[a]D= + 138" ( c  - 0.49, Acetone); 

1H NMR (Table I) ; MS (C11 H18 06, M.W. = 246) : 264 (100) (M + 

NH4)+. 

Anal. Calcd f o r  C11 H i8  06 : C, 53.65 ; H, 7.37. Found : C, 

53.55 ; H, 7.26. 

Reductive demercuration o f  the mother l i q u o r s  o f  compound - 3 

gave a syrupy product,[a1E3= + 52" ( c  - 0.71, Acetone) i n d i c a t i n g  

t h i s  product t o  be a mixture o f  the two anomersa- and p -  - 5. 

- 

23 

Methyl 2,6-dideoxy-a-~-arabino-hexopyranoside - 7 - 
Pure L-enantiomer - 7 was obta ined from reduc t i ve  demercurationl4 

of the c r y s t a l l i n e  compound - 4 (2,48 g, 5.90 mM) as a p a l e  ye l low 

syrup (768 mg, 81 X ) , [ a l D  = - 128" ( c  1,09. Acetone) ; ( L i t . 1 4  
23 

23 
[alD=-146" ( c  - 0.73, Acetone), 

Methy 1 3-0- ter t -buty  ld ipheny l s i  l y  1-2,6-di deoxy- 0 -L-arabi no-hexo- 

pyranoside - 8 
- - 

- tert-Butylchlorodiphenylsi Lane (2.9 mL, 11.2 mM, 1.05 eq) was 

added i n t o  a s o l u t i o n  o f  d i o l  2 (1.73 g, 10.7 mM) i n  d ry  DMF (3.4 

mL) conta in ing  imidazole (1.81 g, 26.6 mM, 2.5 eq118. The homo- 

geneous s o l u t i o n  was warmed t o  4OoC overn ight .  The r e a c t i o n  m i x -  

t u r e  was concentrated and the res idue was suspended i n  ether  (200 

mL). The organic  phase was success ive ly  washed w i t h  b r i n e  conta i -  

n ing  1 N aqueous hyd roch lo r i c  acid, b r i n e  conta in ing  10 X aqueous 

sodium hydrogen carbonate and then d r i e d  over MgS04. Concentrat ion 

o f  the s o l u t i o n  a f fo rded  crude s i l y l  e ther  - 8. P u r i f i c a t i o n  us ing  

f l a s h  chromatography (Si02 : 50 g, e l u t i o n  w i t h  hexanes-ethyl 

ace ta te  9: l  con ta in ing  0.1 X Et3N) af forded pure 8 as a t h i c k  - 
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THE GLYCOLIPID PHENOLIC ANTIGEN OF MYCOBACTERIUM KANSAS11 7 4 3  

syrup (3.80 g, 89 X I ,  [CY]i3= t 58" (c - 1.47, Acetone) ; I H  NMR 

(Table I) ; I R  (neat) : 3580 and 3540-3400 (broad, OH), 3070, 

3050, 1590 and 700 (Ph) ; MS (C23 H32 04 S i ,  M.W. = 400) : 418 (9) 

(M + NH4)+, 386 (32) (M + NH4 - CH30H)+, 369 (9) (MH -CH30H)+. 
Anal. Calcd f o r  C23 H32 04 S i  : C, 68.96 ; H, 8.05. Found : C, 

68.73 ; H, 7.88. 

A sample o f  compound 8 was ace ty la ted  (ace t i c  anhydride, py- 

r i d i n e )  t o  g i ve  the monoacetate - 9,[a]g3= + 74" (c, - 0.33, Acetone); 

1H NMR (Table I) ; MS (C25 H34 05 S i ,  M.W. = 442) : 460 (100) 

(M + NH4)'. 

Anal. Calcd f o r  C25 H34 05 S i  : C, 67.84 ; H, 7.74. Found : C, 

67.85 ; H, 7.81. 

When the s i l y l a t i o n  was performed w i t h  the anomeric m i x t u r e  o f  

a and 6-5, - the two s i l y l a t e d  d e r i v a t i v e s  CY - and B - - 8 (89 %> 

could not  be separated [a]?= t 38" ( c  - 0.73, Acetone). 

Methyl 3-O-tert-butyldiphenylsilyl-2,6-dideoxy- a-L-arabino-hexo- 

pyranoside 10 - - 

Pure L-enantiomer 10 was obtained i n  a s i m i l a r  way18 from 7 

(768.8 m; 4.74 mM) as a co lour less  syrup (1.73 g, 91 X I ,  [a30 = 
- 62" ( c  1.07, Acetone) ; 1H NMR (Table I) ; IR (neat) : 3580 and 

3550-3350 (broad, OH), 3070, 3050, 1590 and 700 (Ph) ; MS (C23 H32 

04 S i ,  M.W. = 400) : 418 (33) (M t NH4)+, 386 (100) (M + NH4 - 
CH30H . 

23- 
- 
- 

Anal. Calcd f o r  C23 H32 04 S i  : C, 68.96 ; H, 8.05. Found : C, 

68.87 ; H, 8.01. 

When the  s i l y l a t i o n  was c a r r i e d  out  w i t h  the anomeric mix tu re  

o f  a - and p -7, - the two s i l y l a t e d  d e r i v a t i v e s  CY -and 0-10 cou ld  

be separated us ing  f l a s h  chromatography. 

B-10 - anomer + 20.5" (c - 1.10, Acetone), 1H NMR (Table I). 
Methy la t i on  of compounds --- 8 and 10 

n-Butvl l i t h i u m  s o l u t i o n  i n  hexanes was purchased from E. Merck - 
and t i t r a t e d  j u s t  p r i o r  t o  be ing used w i t h  2,5-dimethoxybenzyl 

a l coho l  .31 

Method A : A s o l u t i o n  o f  the a l coho l  8 or 10 (1.0 eq) i n  d ry  

THF (10 mLIg o f  8) was cooled t o  - 30°C. To the homogeneous so- 
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7 44 GILLERON ET AL. 

l u t i o n  was added 1.6 M - n - b u t y l l i t h i u m  s o l u t i o n  i n  hexanes (1.0 eq) 

dropwise w i t h  a syringe. Th is  s o l u t i o n  was s t i r r e d  a t  - 30°C f o r  

15 min and then methy l  i od ide  (10.0 eq) was added. The reac t i on  

mix tu re  was a l lowed t o  warm up and s t i r r i n g  was mainta ined f o r  1 h 

a t  room temperature. A f t e r  concent ra t ion  o f  the s o l u t i o n  under 

vacuum, t h e  crude r e a c t i o n  mix tu re  was p u r i f i e d  by f l a s h  chroma- 

tography. The 4-0-methylated d e r i v a t i v e s  11 or 12 were obta ined i n  

14-40 X y ie ld .  

Method E l 9  : To a s o l u t i o n  o f  the  a lcoho l  8 or  10 (1.0 eq) i n  

d ry  methylene c h l o r i d e  (30 mL/g of - 8 )  was f i r s t  added 2,6-di-tert- 

-bu ty lpy r id ine  (20.0 eq) then methyl t r i f  luoromethanesulfonate 

(10.0 eq). The homogeneous s o l u t i o n  was s t i r r e d  a t  80°C f o r  36 h. 

Usual work-up20 a f fo rded  a crude product  which was p u r i f i e d  by 

f l a s h  chromatography. 

- - 

- - 

Method C : A s o l u t i o n  o f  the a l coho l  8 or 10 (1.0 eq) i n  d ry  

THF (10 mL/g o f  8 )  was cooled t o  - 30°C. To t h i s  homogeneous so- 

l u t i o n  was added 1.6 M - n - b u t y l l i t h i u m  s o l u t i o n  i n  hexanes dropwise 

w i t h  a syringe. A f t e r  s t i r r i n g  f o r  15  min, methyl t r i f l uo rometha -  

nesul fonate (1.0 eq) was added v i a  a syringe. S t i r r i n g  was main- 

ta ined f o r  5 h a t  - 30°C a f t e r  which t ime the  so lvents  were remo- 

ved under vacuum. The res idue was suspended i n  ether  and the orga- 

n i c  phase was washed success ive ly  w i t h  sa tura ted  aqueous sodium 

hydrogen carbonate, water, b r i n e  then d r i e d  over MgS04 and concen- 

t ra ted .  The crude m a t e r i a l  was p u r i f i e d  by f l ash  chromatography. 

Methyl 3-O-tert-buty ldipheny lsi - lyl-2,6-di deoxy-4-0-methy 1- CT -D=- 

-a r a  b i no- hexopy ranos i de 11 
Method A : Reaction o f  compound - 8 (533.0 mg, 1.33 mM) l e d  t o  

compound 11 (120.2 mg, 21.8 X I .  Fur ther  e l u t i o n  w i t h  hexanes-ethyl 

acetate 9:l y i e l d e d  t h e  recovered s t a r t i n g  m a t e r i a l  (395.4 mg, 

74.2 X )  . 
Method B19,20 : Reaction o f  compound - 8 (395.4 mg, 0.99 mM) l e d  

t o  co lour less  syrup (354.8 mg, 86 %),[CT]F= + 
75" ( c  - 0.74, Acetone) ; 1 H  NMR (Table I) ; I R  (neat) : 3060, 3040, 

1580 and 700 (Ph) ; MS (C24 H34 04 S i ,  M.W. = 414) : 432 (39) (M + 

NH4)+, 400 (100) (M + NH4 - CH30H)'. 

- - 
- 

- 

compound 11 as a 
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THE GLYCOLIPID PHENOLIC ANTIGEN OF MYCOBACTERIUM KANSAS11 74s 

Anal. Calcd f o r  C24 H34 04 S i  : C, 69.52 ; H, 8.26. Found : C, 

When t h i s  methy la t ion  procedure was app l ied  t o  the anomeric 
8- E, the  two methylated d e r i v a t i v e s a -  and B 

0-11 - anomer :[q= - 8" (c - 0.48, Acetone) ; I H  NMR (Table 
(M + NH4It, 400 

69.53 ; H, 8.38. 

m i x t u r e  o f  a- and 

-11 - could  be separated us ing  f l a s h  chromatography. 

I) ; MS (C24 H34 04 S i ,  M.W. = 414) : 432 (100) 

(74) (M + NH4 - CH30H)'. 

Anal. Calcd f o r  C24 H34 04 S i  : C, 69.52 ; H, 8.26. Found : C, 

Method C : Reaction o f  compound - 8 (394.0 mg, 0.98 mM) l e d  t o  

compound - 11 (244.7 mg, 60 X )  together  w i t h  recovered s t a r t i n g  

m a t e r i a l  (49.3 mg, 12.5 XI .  

Methy l  3-O-tert-butyldiphenylsilyl-2,6-dideoxy-4-O-methyl- - CT -L- - 
-arabino-hexopyranoside 12 

Reaction o f  compound 10 (800 mg, 2 mM) according t o  proce- 

dure C l ed  t o  compound 12 as a co lour less  syrup (566,5 mg, 68.5 

X I ,  [a]"= - 78O ( c  - 0.78, Acetone) ; 1H NMR (Table I). 

69.27 ; H, 8.23. 

Methy l  2,6-dideoxy-4-O-methyl-cY-~ -arabino-hexopyranoside - 13 

69.28 ; H, 8.43. 

Anal. Calcd f o r  C24 H34 04 S i  : C, 69.52 ; H, 8.26. Found : C, 

- - 
To a s o l u t i o n  o f  compound - 11 (200 mg, 0.48 mM) i n  dry  THF (3.5 

mL) was added dropwise v i a  a syr inge - n-tetrabutylammonium f l u o r i d e  

(1 M s o l u t i o n  i n  THF, 1.8 mL, 1.8 mM, 3.75 eql.21 The reac t i on  

mix tu re  was s t i r r e d  f o r  24 h a f t e r  which t ime the  so lvent  was 

removed under reduced pressure. P u r i f i c a t i o n  o f  the crude reac t i on  

m ix tu re  us ing  f l a s h  chromatography (Si02 : 25 g, e l u t i o n  f i r s t  

w i t h  hexanes then w i t h  hexanes-ethyl acetate)  a f forded pure corn- 

pound - 13 as a c r y s t a l l i n e  m a t e r i a l  (51 mg, 61 X I .  RecrystaLLiza- 

t i o n  from hexanes afforded compound 13 as white f i n e  needles (40 

W), mp 75°C ; [ a ] ~  = t 101" ( c  0.40, Chloroform) ; 1H NMR (Table 
23 

- 
1) ; I R  (KBr) : 3560-3300 and 3280-3120 (broad, OH) ; MS (C8 H16 

04, M.W. = 176) : 194 (11) (M + NH4)+, 162 (100) (M t NH4 - 
CH30H) +. 
54.42 ; H, 8.97. 

Anal- Calcd f o r  c8 HI6 04 : C, 54.53 ; H, 9,15. Found : C, 
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Met hy 1 2,b-di deoxy-4-0-met h y l -  a - L - a r a b i  no-hexopyranosi  de22,23 14 - 
Pure k-enant iomer 14 was o b t a i n e d  i n  a s i m i l a r  way21 f rom 12 

(566.5 mg, 1.37 mM) as a c r y s t a l l i n e  m a t e r i a l  (159 mg, 67.5 %I. 
R e c r y s t a l l i z a t i o n  form hexanes a f f o r d e d  compound 14 as w h i t e  f i n e  

needles (106 mg), mp 76-78°C ;[a],'"= - 139O ( c  - 0.45, Chloroform); 

( l i t . 2 2  mp 70-72°C,[a]i3= - 132.7 (c - 0.90, Ch lo ro fo rm ; l i t . z 3  mp 

75-77°C ( f rom hexanes-acetone), [a]$= -105") ; 1H NMR (Table I); 

I R  (KBr) : 3560-3300 and 3280-3120 (broad, OH) ; MS (c8 HI6 04, 

M.W. = 176) : 194 (101, 162 (100). 

- - 

- 

S e r o l o g i c a l  p r o p e r t i e s  

50 PL o f  an e t h a n o l i c  s o l u t i o n  o f  Phe GL K - I  (2,5 ,ug/mL) were 

d e p o s i t e d  i n  w e l l s  o f  a m i c r o t i t e r  p l a t e  (Nunc immuno-plate I 96 F 
- Nunc - Denmark) and a l l o w e d  t o  dry a t  37°C. The w e l l s  were then  

s a t u r a t e d  w i t h  100 p L  o f  PBS + 5 % BSA and l e f t  2 h a t  37OC i n  a 

m o i s t  chamber. The w e l l s  were r i n s e d  and then  f i l l e d  w i t h  9 0 p L  o f  

t h e  i n h i b i t i n g  sugar s o l u t i o n  (see t e x t )  and 1 0 p L  o f  r a b b i t  p o l y -  

c l o n a l  a n t i  Phe G I  K - I  serum d i l u t e d  1/10 i n  PBS + 1 X BSA. The 

p l a t e  was l e f t  o v e r n i g h t  a t  4"C, and r i n s e d  w i t h  PBS + 1 % BSA 

t h r e e  times. 

100pL o f  t h e  con juga te  s o l u t i o n  ( a n t i  r a b b i t  Ig- @ - G a l a c t o s i -  

dase l i n k e d  whole a n t i b o d y  f rom donkey, Amersham, France) d i  Luted 

1/750 were L e f t  2 h a t  37OC i n  a mo is t  chamber and then r i n s e d  

t h r e e  t imes. The s u b s t r a t e  was added ( IOO,uL/wel l )  and l e f t  one h 

a t  37°C. The absorbances a t  405 nm were read w i t h  an EL ISA p l a t e  

reader  spect rophotometer  T i t e r t e c k  m u l t i s c a n  p l u s  (FLOW labs, 

Puteaux, France). The r e s u l t s  were presented on a L o g i s t i c  c a l i -  

b r a t i o n  mode u s i n g  t h e  Flow Labs sof tware.  

The b l a n k  v a l u e  was averaged f rom 8 w e l l s  i n  which a l l  t h e  

procedure uas performed w i t h o u t  i n i t i a l  a n t i g e n  coa t ing .  The 100 X 

p o s i t i v e  r e a c t i o n  was averaged f rom 1 2  w e l l s  i n  which no i n h i b i -  

t i n g  sugar s o l u t i o n  (i.e. 90 p L  PBS + 1 X BSA) was added. Each 

v a l u e  was o b t a i n e d  i n  t r i p l i c a t e .  
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