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Note 

A new synthesis of 3-O-fi-D-galactopyranosyl-D-galactose 

3-O-B-D-Galaclop~ranosyl-D-_ealactosl (5) IS a component or the sp~lfic 

carbohydrate-protein linkage region present In selcral connective tissue proteo- 

glycans’. This dtsaccharide has also been Isolated from a varretj of other sources’. 

and a parttcularly suitable startmg material for large-scale preparation 1s larch 
D-arabino-D-g3lactan, from which 5 may be obtained by graded acid hldrolysts and 

chromatography on charcca13.J. Smce this procedure requrres a search for the proper 

species of larch tree (e.g.. 1ari.r ocridwralis) and subsequent isolation of the poly- 

saccharide, the time and effort :nvolved may be considerable. and this has prompted 

us IO develop a more raped chemlcnl synthesis. .U’ter a si nple method for the prepara- 

tion oi I .‘:j,6-dt-0-tsopropvlidene-a-D-= Oalactofuranose (2) became avallnhle5. a 

convenient procedure based on the condrcsatlon 01‘ 2 with ‘,3,~,6-tctrrr-O-ac+tyl- 

I-D-g3iactopyranos~~ bromide rn a Koenlgs-Knorr reaction could be desrgnrd. 

Although the chemical synthesis of 5 has been preiiouslb described by Ball and 

Jonesb and, more recently, bj Chacon-Fuertes and hlnrtln-Lomas’. the procedures 

used by these authors are more time-consumtng and grve loiter ytelds than the method 

reported here. Di-0-isopropj lidenc derivntibes have been employed earlier IFI 

>lmilar syntheses. Bkhli and Percival’ obtained lamlnarabiose In 9% lIeId from 

I .7:X6-dl-O-isopropyltdene-lr-D_glucofuranose and, recently, Lemieu\ (‘I a/.’ used 2 

In a halide-ion-catalyzed, glycosidntion reaction. 

1,2:5,6-DI- 0-isopropyhdene-x-D-palactofuranosc (2) was syctheslzed as 

described’ with the sll_pht modtficatton that the final crystallizatlons were performed 

In different solvents. The physical properties and ‘H-n.m.r. spectrum \\ere identical 

to those reported lo I I. Compound 2 was condensed wrth 2.3,4.6-tetra-O-aceryl- 

.r-D-~alactopyraoosyl bromide (I) under condittons similar to rhoje reported for the 

D-glIJCOse series’, with the exception that Lhe reaction was carried o1.t at a higher 

temperature (40-45.), which decreased the reaction time and save comparable 

yields of I.~:~,6-di-O-isopropylidene-3-O-(2,3,~,6-te~ra-0-acetyl-~-~-~alacto- 
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p~ranosyl)-n-D-galactofuranose (3). The course of the reaction was followed by t.1.c. 
which showed that 3 (R, 0.W) was present after only a few minutes. In addition, 
there was simultaneous formation of t\vo by-products. Compound 3 was not purified 
on a preparative scale at this stage, since an initial attempt at separation by column 
chromatography failed to resolve the blocked disaccharide from the faster-moving 
by-product. The entire miature was therefore subjected to O-deacetylation with 
sodium metho\idc which yielded 3-O-P-D-_galacropyranosyl-1,3:5,6-di-O-isopro- 
pylidcne-or-D-pnlactofuranose (4) as the major product. Preferential ex;traction with 
acetone, followed by treatment with ether, gave pure 4 having physical properties, 
composition, sad “C-n.m.r. spectrum consistent mirh Lhe presumed suucturc. 

3 u=sc 
4 R=H 

3-O-P-D-Galactopyranosyl-D-galactose (5) was obtained by hydrolysis of the 
isopropylidene groups. Since partial rupture of the glycosidic linkage has been 
reported’ ‘, t~bo dIKerent hydrolytic procedures nere tested. When 4 was treated with 
0.5~ sulfuric acid, a considerable amount of o-galactose \\as formed. Hydrolysis 
with a cation-exchange resin (H’) at 45” gave the best results. yielding 3-0-/3-D- 
galactopyranos}l-D-~aiactosz (5) as rhe major product, which was subsequentI) 
purified by cr> stallizrrtion ;I-om anhydrous methanol. The properties of 5 were 
identical with those of an authentic sample isolated from larch arabinogalactan’3. 
In addition, the chemical shift at S lW.7 of the anomcric C-l atom in the ’ 3C-n.m.r. 
spectrum corroborated the P-D configuration, since chemical shifts ior the non- 
reducing anomeric carbons of 3-~-(~-D-&slnCtOpyr~nOSyl)-~~-D-~al~CIOp~r~~O~~ and 
3-O-(cr-D-_eolactopqanosyl)-8-D-@alactopyrano~e, as reported by Lemieux ef cl.“, 
are 95.5 and 96.7 p.p.m.. respectively. 

In an attempt to improve the yield of the partially blocked disnccharide 1, 1 3td 
2 \\ere condensed in nitrometbane in the presence of mercuri.1 cyanide, but the 
reaction pattern was complex and, although the yield after deacetylation a priori 
seemed higher, the isolated, chromatographically-pure product \tas in fact con- 
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laminated \\ith a compound ha\ in, n a diKerent structure: the powbillty of formu~ion 

of the a-D-linhed disaccharide \\as not rn\csrignted, since the nlm of the synthesis 

was to prepare 3-O-B-D-ealactopgranos~l-D-~alactose. hydrolysis ga~c. in ndditlon 

to the expected disaccharide 5. at lcnst three nddillonnl compounds, and it \vas 

necessary to resort to pap& chromarography in order to isolate pure ~-O-/I-D- 

galsctopyranosyl-D-galactose in 163; yield. 

The ’ “C-n.m.r. s~gnnals of 2 were ;Ijstgned as idIons: The t!\o IOU-tic-Id stgnals 

of relattvcly 5mall inlenstty at ci 113.3 and 109 Y were real-111~ sw~ned 10 the carbon 

atoms of the Isoprop>lldene groups bcarin, 11 no hydrogen atoms; the signal at ti 106 0 _ 
v.as attributed to the anomeric carbon aton C-l ‘: and ihe hi_&-field signal at 8 66.1 

was assigned to C-6’, Ihe only carbon atom hexring tivo h>drogsn atoms. The 

remnlning signals at ri SS.7 and 57.7 were attribulcd LO C-Z’ and C-l’, rcspecti\el>. 

and the slpnal at Li 76.8 to C-3’ and C-S’ b> comparlwn \r~~h compclunds habIn 

sim!lar StrUCtureS’ ‘.I’. 

The assignmrnls OT the ’ -‘C-n.m.r. signals of 4 \csre deduced from ihc >l,onal, 

of 11x corresponding monosaccharide 2 and of D-pklCt05e I 7. At ION field. the lo\v- 

Intensity signals at ci 113.7 and 103.9 were readrl\ assigned to rhc carbon a[oms oi Ihe 

isoprop, lidene groups heat-in= 0 no hydrogen atoms. The signals at dE 106.0 and 10-I I 

\iere atlribured to C-l’ and C-l, respectiiel). Sub;klturion at C-3’ of rhc fulanosc 

ring had no cikct on the chemical shift of C-l ‘, lrhereas substitution at C-l of the 

p)ranose ting causes 3 dotinfield shlit of 6.6 p p.m. relatl\e to the corresponding 

jipnal of D-ealactose’ 7. The chemical shift of the anomeric carbon atom C-l is also 

consIsten with the expected P-D configuration of the pl>co>idlc linkage. hence in the 

U-D senej. C-l lrould resonate at much higher field I’. The signals at 5 S6.S and Y-i.9 

were assIgned to C-2’ and C-l’, respectl\cly. of the furanosc ring. Both ,igrtalb \ir3re 

shIfted upfeld by I.9 snd I 8 p p III.. respectively. after st!bstltulic)n at C-3’ The 

carbon atom C-3’ Involved In the _ gl\cojldlc Iinhage shokisd a signal at b 32.3, a 

downfield shift of 6.5 p_p.m. from the signal oi the corresponding carbon atom in the 

monosaccharide 2. The INS signals at 3 70.9 and 66 -l \\cre nsslcned LO C-5’ and C-G’. 

respectively. of the iuranose ring, and by comparlbon with the ?l$nalsof D-galXlOse’ ‘. 

The other slpnals ai 3 76.4. 74.6, 72.1,69.S. and 62.3 !kere aw$ncd to C-5. C-3, C-L 

C-4, and C-6, rcspecti\el>. of the p~ranose ring. 

EIPERlhfEhTAL 

Gem-t-al ftwrlrods. - P.m.r. spectra \\ere recorded \\ith a Brucber HS-90 

spectrometer operating in the freqhenq-s\te:rp mode at 7s”. \iith hle,Si as interns1 

>tandard. “C-n.m.r. spectra were measured at 35’ on the same spectrometer operating 

at 22.6 hIHz in the pulsed, Fourlcr-transform mode with proton-oolss decoupling 

(Nicolet lOS5 computer; ‘H lock). T>*plcal spectrometer parameters \vere. X)’ l’l~p 

angle, MOO-Hz spectral width, 1 K data points. and I-xc reco\rry time. Chemical 

shifts are reported In p.p.m. dor\ntield irom hIe,Si. For spectra recordsd iq D,O. 

internal acetooe was used as a secondary, chemical-shift standard (chclnlcal sh~Tr. 
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3 30.6). The carbohydrates (SO mg) were dissolved in D,O (I ml) in 3 IO-mm n.m.r 
tube fitted with a Teflon hortex plug. Optical rotations were measured with a Perkin- 

Elmer Model 141 polarimcter at 23”. Silica gel microslides (Quanta/Gram h.lQl F) 

and preparative 1.1.c. plates (PQ4F) (Quantum Industries, Fairfield, New Jersey) were 
Irrigated with (.4) 9:l benzene-methanol, (B) l9:l benzene-methanol, (C) 1:5:1 
butanol-acetone-water, and (D) 4:5:3 butanol-acetone-water; the products were 
detected by sprsylng Hith 50% H,SO,. followed by heating at 130’. The solvent 

mixtures used for paper chromatography were. (E) 3:l:l ethyl acetate-acetic acid- 

water, and (F) lO:-k3 ethyl acetate-pyridine-water; the products were detected with 
the silver nitrate-sodium hydroxide reagent”. All solvent concentrations are v/v. 

Concentration of solbents was performed itz LWCUO a~ 38”. unless otherwise stated. 

Elemental analyses were performed by Galbraith Laboratories, Inc., Knoxville, 
Tennessee, 3792 1. 

1,-7.5,6-Di-O-rsoprop~~/idene-~~-D-galacro~~ranose (2) - 1.3:5,6-Di-U-isopro- 

pylldene-z-D-gakxtofuranose was synthesized according to hlorpenlie’, except that 

the final sirupy residue was extracted four times with petroleum ether (3Ck-60’) and 
the yeliowlsh msterlal crystallizing in the eltrsct was recrystallized from c>clohesane 

to give pure 2. The insoluble residue was dlssolvcd In cyc!ohexane, whereupon the 

remainder of 2 crystallized (combined yield, 3.06 g, 300,6), m-p. 96-97’. [~]f,~ -33” 
(c 1.0 methanol): p.m.r. (acetone-d,,): r 4.16 (d, J,.:! 4 Hz. H-l), 5.4s (d of d, .I,_, 
I.3 Hz, H-l), 5.69 (q, H-S), 5.93 (m, H-6 and H-3), 6.22 (m. H-I and H-6’). 8.50 and 

8.62 (2 s. 6 H. CMe,), and 8.68 (I s, 6 H, Chle,); ’ 3C-n.m.r. [(CD,),CO]: see 
Dlscusslon. 

/l~zol. Calc. for C,,H2,0,: C, SS.37: H, 7.74. Found: C, 55.50; H, 7.90. 

3-0-~-~-Galucrop~ ranos~~l-I,~:5,6-di-O-isoprop~~l~~ienc-a-~-ga~acto~~rat~~~se (4). 
- A solution of 2 (I .O g) in benzene (20 ml) containing Drierlte (8 g) was stirred at 

4&M’. After 4 h, Ag:CO, (4 g) and I, (0.7 g) were added, followed over a period of 

1 h by the addition of s solution of 2.3,&6-tetra-O-acetyl-z-D-ga~actopyrnnosyl 
bromide (I) (3 g) in benzene (I5 ml). The progress of the reaction was followed by 
t.l.c. in solvent B. In addition to the desired product (R, 0.84), IWO by-products were 

formed (R, 0.91 and 0.12). ATter complete reaction of I, additional 1 (3 g) in benzene 
(I3 ml) and Ag,CO, (4 g) were added, and the reaction was continued until complete 
disappearance of 1. The reactlon mixture wa3 filtered oker Celite, and the insoluble 

residue was trashed with benzene. The combined filtrate and washings (60 ml) were 

extracted successively twice with water (50 ml), once with a solution of Na,S,O, 

(50 ml), and once with water (50 ml). Following evaporation, the glassy residue 
(2.83 g) was dissolved in 0.1 M methanolic sodium merhoride (I8 ml) and, after 0.5 h, 
the solution was diluted wivith an equal volume of methanol and rhrn neutralized with 
AC 5OW ion-exchange resin. Evaporauon gave a glassy material (I.83 g), composed 

of one major product. 4 (RF 0.70, solvent C), two slow-moving compounds (one 

having tbe RF value of D-galactose), and one very fast-moving compound. This 

mixture was treated with dry acetone (I8 ml), the solid product was filtered off, and 

rhe filtrate was evaporated in IWCUO. The fast-moving compound was removed from 
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the sirupy residue (1.3 g) b] Iriruration with cold ether (IS ml) IO give chromato- 
graphically pured(0.90 g. 300,/o). ]z[f,’ - IO’(c I 0 methanol): “C-n.m.r. [(CD,),CO]: 

SIX Discussion. 

.4na/. Calc. for C,,HJOO,, -H,O: C, 4908; H. 7.32. Found: C, 49.39: H. 7.29. 
3-0-8-D-GU/a~f~~~,f~,ros~/-D-~U/U~-f~_~~ (5). - (a). From -1. To a solulion of 1 

(0.20 g) in water ( 12 ml), was added AG 5OW (H +. 3 ml) cstlon-ewhange resin. The 

reaction mixture \\as malnralned at 45* \\ithou[ stirrIng Ibr I8 II. The ran was 

removed hy tiltratIon and washed ~11th water. The combined tiltrate and washings 
were evaporated in IWCIIO at L)OG to a volume of about 3, ml. The solution was diluted 

with methanol (IO ml) and evaporated again 111 IYKIIO IO about _7 ml. This procedure 

\\as repeated twict hciore a final evaporation IO dqness The sirypy residue showing 

on t.1.c. one major product ( RGo, 0.7, solvenl D), and IWO minor products (RGJ, 0.4 

and 1.0) was drred in L~CIIO oler P,O, and dissolved in anhjdrou, methanol (I ml). 

A crystalline materral slowly separated which. after several hours. was filtered off. 

washed with small amounts oi methanol, and dried to yield 60 mg of chromato- 

praphlcally pure 5. A second quanrlr] of 5 (42 my) \\as obtained after cLaporation of 

the combined mcjther liquor and uashtngs and sukequcnt addlrion of a small amount 

of anhydrous methanol (total yield 0.10’ g, 66%). m.p. ZOI-X4’-, [xl&’ t 6-I’ 

(c 0.73 water): ‘C-n 1n.r. (D,Ok S 104.7 (C-l), 96.7 (C-l’e). 31.6 (c-I’a): indlstin- 

guishable from an authentic sample on 1.1.~. in so:\ent D and chromatography on 

Whatman No. I paper in solvents E and F : lit.’ 3: m.p. X0-203’, [x:)~ f60’ to +65”. 

.-Inul. Calc. for C,,HI,O,, . C. 42.10; H, 6.47. Found: C, 11.86; H. 6.56. 

(b). From 2. - A stirred solution of 2( I .0-i g) In 1. I nitromefhnne-benzenc(80 ml) 

was evaporated until approximately 40 ml of the solLent mlxturc had distIlled, and 

the reaction mixture was cooled to room temperature. Hg(CN): (1.02 g) and 2.3.4.6- 
tetra-O-acetj I-r-o-galactopyranosl bromide ( I) (I .65 g) were added IO the stlrrcd 

misrure. Further additions of 2 (0.85 g) and Hg(CN), (0.50 p) were made after IS h, 

and of I (0.50 ,g) 6 h later. and stirrin, 0 was continued for another IS h. The solution 

was diluted \vlth benzene, washed juccesslvrly, once with a saturated solution of 

NaHCO, (70 ml) and twice with water (70 ml), dried (Na,S04). and evaporated iti 

LUCIIO. The glassy material (3.45 g) \\as dlsso!\ed in 0.1~ msrhanollc sodium 

methokide (35 ml) and, after complete deacetylation. the solution was diluted with 
an equal volume of methanol and neurrailzed wth AG SOW (H’) carion-exchange 

resin. The resin was removed by tiltratIon. trashed iti[h methanol. and the filtrate 

and itashings were evaporated rn IUCVO. As shown by 1.1.~. in solvent C, [he glassy 
residue (2.02 g) was composed of one major compound (R, 0.70) and four by- 

products, one haling the same chromatographic mobility as D-galactose. The residue 

was tritursted with dry acetone (40 ml). the solid material was filtered off. and the 

solution Has evaporated i/r LZKIIO. The >cllowish, sirupy residue (I .5 g) was triturated 

with cold ether, and the amorphous material filtered of-T and dried (0.86 9). The 

product (RF0.70. solvent C) was jlghtly contamlnaled with a compound haqling a 

lower mobility. Part or the crude amorphous compound (0.11 g) was hydrolyzed 

with a resin, as described earlier, IO yield a sirupy material (0.10 g) containrng 5 in 
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addition to at least three other products. Preparatlle paper chromatography of this 

material on Whstmnn No. 3MM paper in solbent E. li,llo\ied bg elution with water, 
evaporation to dr)nesj, and subsequent ndditlon of nnhqdrous methanol, gake 5 

(I8 mg. 169’0). 
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