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Note 

Syntheses of p-trifluoroacetamidophenyl 4-O-a-D-g~ucopyranosyi-a-D-galacto- 

pyranoside and p-trifluoroacetamidophenyi 6-0-a-D-glucopyranosyI-a-D-galac- 

topyranoside 

A generalised structure for the immunogenic polysaccharide part of Sk//mne//tr 

cell-wall lipopolysacchnrides belonging to serogroups A, B, and D, ih ;IS Ihltows’. 
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R = 2-O-acetyl-3.(,-didcoxy-~-[~-.~~,/~)-hcxopyranosyl 

3,6-dideoxy-r-r>-,v~~k+hexopyranosyl 

3,6-dldeoxy-r-I,-ribo-hcxopyranosyl 

3.6-dideoxy-x-u-nuahi~~o-hexopyranosyl 

The title compounds 9 and 12. representing the glucosylgalactose branching 

part(s) of this structure. were required for immunological stud&. and their synthesis 

is now reported. 

p-Nitrophenyl 2,3,J,h-tetra-O-acetyi-r-n-galactopyranosidc’ (1) was converted 

via deacetylation2.“. benrylidenation4 * and acetylation into -I. H\drogcnatlon of J 

followed by :Y-trifluorc)acctylation yielded the hey compound /)-triflunl-oacetanlido- 

phenyl 9.3-d~-O-acetyl-~,6-T)-be~~zylidene-x-~-galactopyra~~osidc (5). Reduction of 5 

with sodium cyanoborohqdride hydrogen chloride’ 111 tctral~.~d~-oft~~.ail yicldcd 6 

having HO-4 fret. Partial, ‘Icidic hydrolysis 01‘5, on the other hand, yielded 7 having 

both HO--I and HO-h t‘rec. The dial 7 L~,LBS glucosylatcd ciith I.3.l,(~-tc11-a-O-bcnzyl- 

r-D-glucopyranosyl bromide. using lialrde-ion assistance“. to yiclti. atjc‘r dcacetyla- 
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tion, 54 7; of the (l-+6)-a-linked disaccharide derivative 8. Catalytic hydrogenation 

of 8 then afforded the target compound 9 (20:( from 2). 

Giucosylation of 6 with 2,3,4,6-tetra-O-benzyl-a-u-glucopyranosyl chloride, 

using silver triflate as promoter?, yielded 51 yi of the (I 44)~a-linked disaccharide 

derivative 10. Deprotection of 10 via 11 then afforded the target compound 12 

(22 % from 2). 

R30 

1 1 R = CsH4-p-NOr, R2 ZE RJ = R4 = AC 

2 R’ = Cs~4-p-~02. R* = R’ = n4 = H 

i 
3 R = C&-p-Nor, R2 = H,do”d R4= CHPh 

1 
4 R = C&i-p-NOZ, R2 = Ac , F? and U4 = CHPh 

1 
5 R = C&-p-NHCOCF3, R2 = Ac.R’a”d R4 = ‘HPh 

6 R’ = C&i,-p-NHCOCF, , R2 = Ac,R’ = ti,R4 = Bz, 

7 R 
I 

= C6H,-p-~~~O~~3, 0: 
2 

= A~,R 
f 

= !74 = ti 

NHCOCF3 

CW>OR” 

R’O 

NHCOCF3 

10 R’ = .4=.RZ = Eri 

1, R’ = H.R2 = 021 

12 R’ = ti= H 

EXPERIMENTAL 

General ~~~~~ds. -These were the same as those previously reported ‘. Column 

chromatography on silica gel was performed in the flash mode’. Sugar”.” and 

methylationl’ analyses were in agreement with the postulated structures. 13C-N.m.r. 

shifts are given in p.p.m. downfield from that of internal Me,Si for solutions in 

CDCI,, and otherwise from external Plile,Si, 

~-Nitr~F~l~n~l 4,6-<)-benz~fidene-a-r>-gafacto~~ranoside (3). - A mixture’ of 
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benzaldehyde (70 mL). formic acid (20 mL). and pnitrophenyl r-o-gaiactopyrano- 

side’-.’ (2, 5.0 g) wa3 stirred at room temperature for I5 min. and then poured into :I 

stirred mixture of water (75 mL) and light petroleum (75 mL) The resulting crystal\ 

were collected. and washed uith ~afuroted. aqueous sodium hydrogcncarbonatc’ and 

light petroleum. Rccry~talllsation from tolucnc yicldcd 3 t5 ,Y g. W”,,). m.p. 213’. 

[7]* + 136’ (c 1. :V..~~-:‘-dimctR~lforni~imide 1. which contained tolucnc (0..!5 nwl mol. 

‘H-n.m.r. data). Rccrystallisatron from ethanol water ga\c m:ilcrl:II 1\11h n1.p. _‘I3 . 

[rju + I29 (c 1.9. .\‘.~~-dtmethylf(~nnamidc). “C-Mm.r. Jota (35 MHZ, p)ridmc- 

tl,,): (i 65.3 (C-h). 60.3. h9.S. 69.7. 77.8. rC- ‘.3.-U). Y0.U (C-l j. 101.5 (IW’H 1. I If (1, 

1X1. 127.1, IZX.5. 119.7, 13Y.5. IQ.0. and 103.0 (nroniaw Cl 

ANU/ Calc. forC,,,H,,,?W,: C. 5X.6: t1. -1.Y,?: U. 3.60. f’~wnd: I‘. 5X.6: f-1. 5.02: 

N. 3.X 

p- Mittwplten~*l ,,3-((i-O-~(.t~t?.(-4.6- O-ht~tt=?.lirlcnc~- x- I,-~~fitc.t(~r~.l.ititil(Mi(kl ( 4 1. - 

Treatment of 3 (3.4 g) with pyridinc (5 ml_) ancf acetic snhyJrr& (5 mL) at I-nom 

temperature for 2 h. l’~~llo~ed by concentration. severit cl)-conccntration~ with 

toluene. und crystallisatmn ol’ the widuc from ethanol. yielded 4 (3.5, g, W”,,). 

m.p. I67 .I69 . [Y]!, t l97- I( 1.2. chloroform) I%‘-N.m.t. Jatti (CDCI,). (I 20.7. 

20.X (2 CHJCO). 64.2 (C-0). f&I. 6X.X. 692. 75.1 (C-2.3.4.5,. Yh.0 (C-l). 101.4 

(PhCf-0, 117.0. 1262. 167. 128.6. 129.5. 13X.0. I43.h, 101 X (aromatrc C). 170.2, 

and l71).(> (:! CH,CO). 

&a/. Calc. for CZSH,,NO,,,: C. 5X.1; H. -l.YO: N. I! Yh. Found: C. 5X.2: 

H. 1.95: N. 2.X7. 

p-T~i~lt~w’onc~~~frtt~ti~Jo~~lti,tt r! ~,3-~li-O-ttc~ct~~I-4.6-O-k~rt~~~l~rfi~~r~~-r-u-~~~ctfui~ro~,/71~~cr- 

rroside (5). -- A solution of 4 (3.3 p) in ethyl acctnte I IOt) mL) \13\ h>Jropenated over 

5 “lb Pd!C at atmospheric pressure. filtered. nnd conccntrntctl. to yield ;I syrup that 

was tronlcd with trifluwoucctic anhydridc (1.5 ml.) III IW-cold p)ridrnc (30 IIIL). 

After 30 min at room tcmprrature. the mi\turc was d~luwf 1s1th tolucn,~ cthcr (IO: I ). 

washed with waterand \nturated nqucoussodium h}droaenc3rhoniItc_ dried (NnISO,). 

filtered. and concontmtcd. Chromatcqraphq or the g-up> rcduc 011 iI column of 

silrca gel (toluenc -ethyl acetate. 3: I) yicldcd 5 (3.6 g. U~“,,J. [x][, t 1-k ((. (1.1). 

chloroform). “C-N.m.r. duta (CDCI,): o 20.7, 2O.P (_? I tI,(‘Oi. 61.3 (C-6). 67.9, 

68.6. 69.0. 73.X (C-1.3.45). Y5.S (C-l). lOl.0 (PhC‘H). I I? I. 1X.6. 110.3. IP.3. 

129.2, 130.3. 137.6. 151.0 (aromatic Cl. 170.3. and 170.X {Z CH,C’I)): thr COCF, 

signals wcrc not recorded. 

p- T~ijitro~on~~~tot~t~~lr~~)ltt~tt~.f ~._~-ifi-O-Nt.(~?_l’l-6-C)-~i~ftln.I- 9 - I) -~~crlwto~~~ rcnlcxiik 

(6). -- Sodium cyanohorohydr~rle ( 1 .S g J WIS added iit room tcmpcrature to iI stirred 

solution of5 ( I.5 g) In tctrahydrofuran’. A saturated scllution 11f ilylrogcn chlorrdc 

in ether was then added until gas cwlution ceased. After an atfditional 10 min. 

DOW~X 50 (H’ ) resin wn\ added. ilnd the mixture \\~is filtcrcd through Cclrtc. diluted 

wth dichloromethanc. \\a\hrd with wturatcd acluctous wdium h~~irc,~cncurhon~tte 

lind watct-. dried (NaLSO, 1. liltercd. and concentrntcd. Chrc,lnatupl.:tpli~ of the rcslduc 

on ;L column of rilica gel (Iohwnc ethyl acctatc. 2 _ I 1 yiclrktl 6 (I. I3 g. 7k”,,) v hlclr, 

after crystafliscltion from ethyl acctatc hwmc. had m.p. WY5 _ 1 Y],, -- I-l-4 (( I. 
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chloroform). r3C-N.m.r. data (CDCI,): 5 20.7, 20.9 (2 CH,CO), 68.1 (C-6), 68.9, 

69.0, 69.2, 70.3, 73.7 (C-2,3,4,5, PhCH,), 95.4 (C-l), 117.5, 122.5, 127.7, 128.0, 

128.5, 130.4, 137.3, 154.4 (aromatic C), 170.6, and 170.7 (2 CH,CO); CF, signals 

were recorded at 110.2 and 121.7. A satisfactory elemental analysis was not obtained 

for this compound, but its purity was established by t.1.c. (toluene-ethyl acetate, 

2:l) and by ‘H-and 13C-n.m.r. spectroscopy. 

p-Tr~z~oroacetumidopken~l 2,3-di-0-acetJ&a-D-galuctopyranosi (7). - A 

mixture of 5 (0.90 g) and 90% trifktoroacetic acid (10 mL) was stirred at room 

temperature for 5 min. Toluene (50 mL) was then added and the mixture was con- 

centrated. Chromatography of the residue on a column of silica gel (tol~ene-ethyl 

acetate, 1 :3) yielded 7 (0.58 g, 77 Yi), [RI,, + 174” (c 1.2, ethanol). “C-N.m.r. data 

(CD,OD): 6 20.6, 20.8 (2 CH,CO), 62.0 (C-6), 68.3, 69.4, 71.9, 72.8 (C-2,3,4,5), 

97.0 (C-l), 118.5, 123.8, 132.4, 155.9 (aromatic C), and 172.1 (2 CH,CO); CF, 

signals were recorded at 111.7 and 124.0. 

p-Trljluoroacetamidoplzenyl 6-0-(2,3,4,6-tetra-O-ben~y?l-cc-D-g/ucopyranosqd)-a- 
D-galactop.vranoside (8). - A solution of 2,3,4,6-tetra-Gbenzyl-a-D-glucopyranosyl 

bromide6*13 (1.2 g) in dichloromethane (3 mL) was added, with stirring, at room 
temperature to a solution of 7 (0.45 g) in N,N-dimethylformamide (3 mL) containing 

tetraethylammonium bromide (0.35 g) and crushed molecular sieves (4 A). After 

being stirred overnight, the mixture was diiuted with di~hlorolnethane, filtered, and 

coilcentrated. Chromatography of the residue on a column of silica gel (toluene- 

ethyl acetate, 4: 1) yielded a crude product that was deacetylated with a catalytic 

amount of sodium methoxide in methanol. When the reaction was complete (t.1.c.: 

toluene-ethyl acetate, 1 :2), the mixture was neutralised with Dowex 50 (H+) resin, 

filtered, and concentrated. Crystallisation of the residue from ethanol-water yielded 

8 (0.48 g, 54x), m.p. 158-161°1 [@In f85” (c 0.9, chloroform). 13C-N.m.r. data 

(CDCI,): 6 67.3, 68.4, 69.1, 69.8, 69.9, 70.5, 73.4, 75.1, 75.5, 77.6, 79.6, 81.9 (C- 

2,3,4,5,6, C-2’,3’,4’,5’,6’, 4 PhC’H,, some signal overlap), 97.3, 98.4 (C-1,1’), 117.6, 

122.8, 127.7, 128.0, 128.4, 129.8, 137.8, 137.9, 138.3, 138.7, and 155.0 (aromatic C); 

COCF, signals were not recorded. 

Anni. Calc. for C,,H,,F,NO, 2: C, 64.9, H, 5.45; N, 1.58. Found: C, 64.7; 

H, 5.65; N, 1.46. 

p-Tr~uoroacetffmidop~le~~~~ 6-O-a-D-g~ucop~rai~o~y~-u-D-ga~acto~yr~nos~de (9). 
- Catalytic hydrogenation of a solution of 8 (0.20 g) in acetic acid (15 mL) over 5 % 

I’d/C and chromatography of the product on a column of silica gel (ethyl acetate- 

methanol-water, 85 : 10 : 5) and then on a column of Biogel P2 yielded 9 (0.085 g, 

71 %), [&In $130” (c 0.8, water). 13C-N.m.r. data (CD,OD): 6 62.5 (C-6’), 67.8 

(C-6), 69.9, 70.8, 71.2, 71.3, 71.6, 73.4, 73.6, 74.9 (C-2,3,4,5 and C-2’,3’,4’,5’), 99.9 

(C-1,1’), 118.8, 124.1, 131.9, and 156.6 (aromatic C); CF, signals were observedat 

118.8 and 123.4. 

p-Trz~~uro~cet~m~dop/lenyI 2,3-do-O-ucery~-6-0-ben~yl-4-0-(2,3,4,6-tetra-O- 
be~z~l-a-D-glttco~yr~~o~y~~-or-D-gulacto~~r~~oside (10). - A solution of 2,3,4,6-tetra- 

U-benzyl-ff-D-glu~opyranosyl chloride . l4 (1 2 g) in toluene (5 mL) was added with 
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stirring at room temperature to a solution of6 (O.hOg) in toluene (5 mL) and dichloro- 

methane (3 mL) containing silver trrflate (0.60 g) and 2,~,6_trinrethylpyri~iine (0. I6 g). 

After 15 min, the mixture was drluted with toluene. filtered through Celitc. and ckln- 

centrated. Chromatography of the residue on a column of silica gel (tolLlene-~cthyl 

acetate. 15 : 1) yielded 10 (0.60 g. 5 I (I,, ~ ) which, after crystallisation from ethanol. had 

n1.p. 162’, [#xl,, + 133 (c I .5, chloroform); and the corresponding /I-linked d~saccha- 

ride derivative (0.30 g, l.S”,,) containing traces of the ;( anomcr. 1 xmjI, $-XX (c, 0.7, 

chloroform). ‘3C-N.nl.r. data for 10 (CDCI,): (5 20.7. ?I 2, (2 C’H,C’O). 6X.4. V).h. 

70.4,71.3,71.9,73.6,71.0. 75._. 7 75.6, 76.7.77.Y. XO.1.Yl.9((‘-‘.3.-F.5.(~, C-,7’.3’.-!‘,5’.6’. 

5 PhCH2, some signal nvcrlap). Y5.4 (C-I ). 100.1 (C-1 ’ ). 1 I7 X. 112.2. 127.-l. I Z7.6. 

127.8, 12X.0, IZY.~, 130.‘, 137.9, 13X.0. 138.2. 13X.3. 138.8, 153.6 (aromatic C), 

170.2, and 170.7 (2 CH,C’O); COCF, signals were not rccordcti. 

.-lnal. Caic. fhr C,,>H,,,,F,NO,,. C. 6h.h: H, 5.68: N. 1.3.2. Found: C. 66.5; 

H. 5.71: N. 1.27. 

The C-l ’ signal for the (1 -t4)-[Glinked isomer had ~‘i 104. I, 

p-Trijiuol-oac~rta~~li~~~~~~l~~t~!~l ri-O-ht~lir,~/-3-0-(-‘.3.1. 6-tr,t/.tr-O-h~‘/l-l~~~~-L~-~~/~~~~(~- 

~?,~r~~no.~~~l)-x-u-~al~/c~tf~/~~~~~/~~~.si~/~~ ( I1 ). -~ Compound 10 (0.30 g) was deacetylatrd, 

as described above in the preparation of 8, to yield 11 (0.34 g. Y3”,,) which. after 

crystallisation from toluone--light petroleum, had m.p. IlX II . [xlr, -t83’ (c 1.3. 

chloroform). ‘“C-N.m.r. data (CDCI,). tj 69.0. hY.3, 6Y.X. 70.5. 71.0. 71.6. 7Z.Y. 

73.7. 75.2, 75.7. 7X.0, 79.Y. Xl.7 (C-2,3,4,5,6, C-Z’.?‘,-!‘.S’,h’, 5 PhC‘H,, one signal 

overlap), 97.8 (C-l), 9Y.Y (C-l’). 117.X. 122._, ? 127.3. 177.5, 127.7. 137.9. 1’X.l. 17X2. 

l’X.5, 119.Y. 137.5, 137.X. 138.0. 13X.‘, 13X.6. and 154.7 (aromatic C): COCF, 

signals were not recorded. 

.4ntiI. Calc. for Ci,H,.F,NO,,: C. 67.5; H. 5.57: N. 1.13. Found: C, 67.4: 

l-1, 5.69: N, I .43. 

p-Tt.ifirro,ortc~c~t~~~~i~(~~lt~t~!,l?.l 4-0-x-~-~l~r~~o~p_~~~~no,~~~I-x-~~-~~ufnc~to~~~~~~lanosi~~e (I 2). 

~- Compound 11 (0.20 g) was hydrogenated and the product was Isolated, as Jc- 

scribed above For the preparation of 9, to yield 12 (85 mg, 7S I’,) ). [y]r, + 170’ (1, I. 

water). 13C-N.m.r. data (D20): j hi.4 (C-660, 60.-t. 70.0. 70.Z. 70.6, 73.0, 73.2, 

73.9, 79.X (C-2,3.3,5, c-“.3’.3’,5’), 98.X, 101.1 (C-1,1’), 1 IY.1. 111-I 9, 130.9, and 

155.8 (aromatic C): COCF, signals were not recorded. 

MetA.lhtiorl CZIIN/J..~~T’ ‘. Methylation analysis of 9 and 12 atforded 1,5,6- 

tri-O-acetyl-?.3,4-tri-O-mcthylgalactitol and 1.5-di-O-acetyl-~.3.-!,6-tetra-0-methyl- 

glucitol from 9, and i.1.5-tri-O-acctyl-3,3.6-tr~-~-~nethylgalact~t~~l and 1.5-di-O- 

acetyl-2,3,4,6-tetra-O-mrthylglucitol from 12. 
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