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Reaction of 2,3,4,6-tetra-0-acetyl-a-D-glucopyranosyl bromide (1) with methyl 
(methyl 2-0-nethyla-D-~1actopyranosid)uronate (2) in the presence of silver 
carbonate yielded the crystalline pseudoaldobiouronic acid derivatives methyl 

[methyl 2-O-methyl-3-O-(3) and 4-0-(2,3,4,6-teua-O-acetyI_B-D-~ucopyranosyl)-a-D- 
galactopyranosidluronate (4). Deacetylatioo of 3 and 4 followed by Kuhn methylation 
afforded mainly crystalline, fuUy methylated products 5 and 9. A by-product from 3 
WaS methyl [methyl 4aeoxy-2-0-methyl-3-0-(2,3,4,6-tctra-O-methyl-~-D-gluco- 
pyranosyl)-/3-L-rhrro-hex4enopyranosid]uronate (6), the structure of which was 
confirmed by mass spcctrometry. 

INTRODUCIION 

The synthesis of uranic acid-containing oligosaccharides has been undertaken 
to obtain model compounds for studies of mass-spectrometric fragmentation and 
base-catalyzed degradation. In the preceding paper’, we described tbe synthesis of 
methyl [methyl 3,4-di-O-methyl-2-0-(2,3,4,6-tetra-O-methyl-~-D-glucopyranosyl)-a- 
D-galactopyranosid]uronate, and we now report on the synthesis of fully methylated 
(I +3)- and (I +4)-linked pseudoaldobiouronic acids of the same type. 

RESULTS AND DISCUSSION 

Koenig+Knorr condensation of ietD+&aCetyl-!X-D-ghICOpyranOSyl bromide (1) 
with methyl (methyl 2-O-methyl-a-D-ga]actopyranosid)uronate’ (2) gave two 
crystalline disaccharide derivatives in the ratio 3-4: I (t.l.c.), the elemental analyses of 
which a-greed with the structures 3 and 4. Since HO-4 (axial) in 2 is less reactive3-5 
than HO-3 (equatorial), it was assumed that the (I-+4)-linked product 4 was that 
formed in lower yield. The products 3 and 4 were isolated by column chromatography 
in yields of 50 and 14.6%, respc&vely, and their structures were establisbed by mass 
spectrometry. 

*Synthesis and Reactions of Uranic Acid Derivatives: Part XIII. For Part XII. see Ref. I. 
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The molecular neight (566) for both substances was determined” from the baA,, 
bnE, , and baAl ion peaks at nz/e 535, 507, and 503, respectively. The structure of the 
neutrsl part of the molecule was confirmed’ by the peaks of the aA series at m/e 331, 
271,329,2 1 I, 187, 169, 127, and 99. The spectrum of 4 contained intense peaks of the 
bH, series at nl/e 73 (III/~ 75, after O-deuteration), which proveds the presence of a 
CH(OH).CH(OMe) group in the uranic acid residue*. In the spcctrum of 3, only a 
negligible peak at m/e 7J was present. but there WE an intense peak at m/e 132 (no 

shift on attempted Gdeuteration) characteristic’ of hexuronic acid U-methyl 
deriba,lr’es haling HO-4 unsubstitured. 

Deacetylation ot’ 3 aad 4 lvith aqueous potassium hydro.tide followed by 
chromatography gave the products as amorphous, hygroscopic materials which were 
methylntcd to give 5 nod 9. Purdie methylation was impractically slow9 and the 
Hakomori procedure” ~9s accompanied by side-reactions. Although rhe use of 
methqi iodide-silver oxide-N,N-dimethylformamide’ ’ aused some fi-elimination to 
give olefinic products, it was the most satisfactory procedure. That the major products 
5 and 9, isolated crystalline in good yield by chromatography, were completely 
methylated follomed”g’ ’ from the molecular weight of the substanas calculated from 

l ~hc correct &mend compositions of tbc p-ions at m/c 103 mind 117. erroneously aveo in ReL 8 i19 
C5H40, 2nd C6H, ,OJ. are C,H ,O, cud C5HJ0,. reswvely. 
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the m/e values of the A, ions found in their mass spectra (hi = 219 + 233 + 16 = 468). 
In agreement with the fact that acet.31 groups st position 4 in hexopyranurooates 

are good I~~~ng-~oups’~2~‘~-Ls, /?-elimination during metbylation was more 
extensive (t.1.c.) for the (1-4)~linked than for the (I +3)-linked pseudosldobiouronic 
acid derivative. Also, methylation of the latter compound was relatively less complete, 
presumably because of the low reactivity of HO-4 in the wgalacturonate moiety. The 
yields of 5 and 9 were similar. Small amounts of methyl 2.3,4,6-tetra-O-methyl-cc- snd 
B-D-glucopyranoside and methyl (methyl 4deouy-2,3-di-O-methyl-/I-L-thrco-hex-L 
enopyranosid)uronate Here also formed in the preparation of 9 and uere identified by 
g.I.c.-m.5. 

The olefin 6 was formed as a by-product of methylation of the (143)~linked 
pseudo3ldobiouronic acid derivative. Its mass spectrum contained baA, (IN/~ 105). 
aA, (m/e 219), and bA, (m/e 201) ion peaks, which confirmed’ the moiecular s.%ei&t 
of the substance (M = 405+31 = 436; hl = 219 f201+ 16 = 436). The main frag- 
mentation pathway, ch3racteristic’6 of methyl derivntives of 4-deoxy-8-L-rfrreo-hex- 
4enopyranosiduronic acid, ~3s retro-Diels-Alder fragmeutation of the olefinic ring, 
giving the ions bH, at m/e 88 and confirming the structure 6 except for the stereo- 
chemistry. Conclusive evidence for the structure 6 was probided by t&e formation of 
this compound by 3 &elimination reaction of the acetate 7 followed by methylatlon 
of the deacetylated oleEn 8. 

Reaction of 7 with methanolic sodium methokide at room temperature gave 3 
much lower yield of S than w3s evpecfed by analogy tvith 3 number of similar 
re3ctio11s’~“~‘*. The main reaction was tie deacetylation of AcO-1 of the uranic acid 
residue, and 8 was isolated in only 20% yield. A much higher yield of 8 from 7 was 
obtained when the reaction was carried out in I ,Zdimethoxyethane with sodium 
hydride or sodium methoxide generated in situ. 

The possibility of depolymerization by #?4imioation under the mild conditions 
of Kuhn methylstion, as observed during preparation of 5 and 9, should be taken into 
account in evaluating the results of methylation analysis of acidic polysaccharides 
and other uranic acid-containing substances. 

M.p.s. were determined on 3 Kofler hot-stage. Optic31 rotations wre measured 
with 3 Perkin-Elmer automatic polarimster Model 141. h’lasj spectra were obtained 
at 74 eV with 3 JMS-100-D specirometer. The temperature at ihe site of evaporation 
was 130-140” and that in the ionizing chamber was 180’. For g.l.c.-m.s., spectra 
were obt3ined 3t 23 eV with the mass spectrometer connected to 3 JGC-20-K gas 
chromntograph [a starnless-steel column (200 x 0.3 cm) packed Hlth 3% of OV-125 
on Chromosorb W-AW-DhfCS ( 100/200 mesh)]_ Analyses were conducted iso- 
thermally at 160” 3nd 3 helium inlet pressure of 98. I kP3. 

Deuterium exchange was effected by concentration (thrice) of solutions in 
methanol-d. 
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T.1.c. was performed on Silica gel G and column chromatography on dry-packed 
silica gel (Merck, 9385) with .-I, chloroform-acetone (&I); 5, carbon tetrachloride- 
aczione (2.5:1); C, chloroform-acetone (6:l); D, chloroform-methanol (4: 1); 
E, benzene-scctone (5~1); F, chloroform-methanol (7~1 j; and G, benzene-acetone 
(6:i). Prior to packing. the silica gel was equilibrated Hith 400,/o (v/w) of the mobile 
phase’. Detection was eRected by charring with sulfuric acid in ethanol, or spraying 
wirh 0.13; potassium permangaoatr in acetone. The latter reagent revealed oiefinic 
substances immediately as yellow spots on a violet background. 

SilLer oxide and silver carbonate were freshly prepared’9m’0 before use. N,iV- 
Dimetbylformamide was dried” and freshly distilled. Unless otherwise stated, the 

solutions were concentrated at 2 kPa {IS Torr) and 40”. 
Me+1 [rnPll~J,l .?-O-lneIli~f-3-0- (3) a,rd -4-O-(2,3,4,6-tetra-0-acet~l-8-D-gluco- 

Pl’fa~los~I)-r-D-ga~aclOp?‘TallOSi~~f~~ate (4). - A mixture of 2 (2 g, 5.46 mmol), silver 
carbonate (2.4 g), and Drieritc (6 g) in dry benzene (30 ml) was stirred in the dark 
for 4 h at room temperature. After the addition of iodine (0.4 g) and 1 (3.5 g, 

8.8 mmol), stirring was continued for 2 h at 40-45”, and then fresh portions of 1 
(1.75 g, 4.4 mmol) and stlver carbonate (I .2 g) were added. After a further 2 h, t.1.c. 
(solvent .qi showed the absence of a (RF 0-S) and the presence of 3 and 4 (RF 0.3 and 
0.15), together with unreacted 3 (RF 0.1). A small amount of the product of hydrolysis 
(RF 0.3) of 1 was also present. The reaction mixture was worked-up in the usual 
manner and the crude product was chromato_eraphed on a column (95 x 4.5 cm) of 
silica gel. Solbent B removed rhe hydrolysis product of 1 and elution with solvent C 

then gave chromatographically homogeneous 3 (2.4 g, 50%) and 4 (0.7 g, 14.6%). 

After three cqxtallisations from chloroform+rher (!:I), 3 had m.p. 82-S5”, 

[cr];’ +60° (C 1, chloroform). The melt solidified on standing and then had m.p. ! 18- 
120.5’. [x]i’ +56’ (c 1, chloroform). When a solution of this material was seeded 
with the higher-melting substance. the lo\\er-melting modification was obtained. 
Both modifications gave: identical mass spectra (Found: C, 48.58; H, 5.92. CIJHJaOld 

talc.: C, 48.76: H. 6.059’0). 
After two crystailisations from chloroform-isopropyl ether (I:!). 4 had m-p. 

17&175’, [a]:’ 1-35” (r 0.37. chloroform) (Found: C. 48.38: H, 6.0656). 
Ilielll~l [nz<fI~~~l ,I,l-di-O-~~~cfl~~~l-3-0-(2,3,4,6-tetra-O-tneth_~~-~-D-gl~~cop~r~os~~~~ 

cr-D-galactopyranosrd]uronate (5). - Water (12.5 ml) was added to 3 solution of 3 
(2 g) in 1,2-dimethouyerhane (35 ml), rhe solution was cooled in ice, and hl aqueous 

potassium hydroxide (6.3 ml) \\as added slowly Hith stirring. Another portion of M 
potassium hydroxide (25 ml) was added after 30 min, and the solution was kept at 55’ 
for 90 min. After cooling in ice, the solution was deionized with Dowes-50W(Hi) 
resin, filtered, and concentrated \vitb co-distillation with water to remove acetic acid, 

the residue was dissolved in methanol, and excess of diazomethane m ether was added. 
T.1.c. (solvent D) then revealed thai, in addition to methyl (methyl 3-0-B-Q,-gluco- 
pyranos~l-2-O-methyl-~r-o-galactopyranosid)uronate (RF 0.X), small proportions of 
faster-moving, minor products (RF 0.4 and 0.55) \\ere also present. After purification 
on a column (32 x 3 cm) of silica gel with solvent D, the pure, deacetyiated oligo- 
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saccharide (I.! 5 g, 2.9 mmol; 81.8%). obtained as an almost colourless, hygoscopic 
syrup, was dissolved in dry N,N-dimethylformamide (30 ml) and shaken in the dark 
with silver otide (13.5 g; 57.8 mmol, 4 equiv./OH) and methyl iodide (3.6 ml; 
57.8 mmol, 4 equiv./OH). Chloroform (I 5 ml) was added after 23 h, the mixture was 
filtered, the solids washed with chloroform, and the filtrate was concenrrated (finally 
at 70’ to remove N,N-dimethylformamide). T.l.c. examination (solvent E) of the 
residue showed the presence of 5 (RF 0.3) and small amounts of products resulting 
from undermethylation (RF -O.I), together with the olefin 6 (R,0.45, deteclion 
Gth both reagents). Fractionation by column (32x 3 cm) chromatography with 
solvent E gave purz 5 (0.93 g; 56.296 based on 3, 68.936 based on the deacetylated 
oligosaccharide) and 6 (0.06 g, A.759,: based on the deacetylatcd oligosaccharide). 

Compound 5, \\hen crystallized from ether-hrptane (I: I, twice) at room 
temperature and then from isopropyl ether at O”, had m.p. 85-86” (sintering at 82”). 
[,zzjA-$ +86’ (c- I, chloroform) (Found: C. 5 I .38: H, 7.70. C20H360, 2 talc: C, 51.37; 
H, 7.75%). 

Olefn 6 had [XI;’ + 139’” (c I .03, chloroform) and was indistinguishable (t.l.c., 
m.s.) from the product described below. 

Xierl~~l[r~~ell1~~l,3,3-di-0-n~~rlr~~1-4-0-(~,3,4,6-~elra-O-n~etl~~~l-~-o-glucop~~rar~os~d)- 

cr-D-galucfop~,rarlosid]lrranale (9). - Deacetylation of 4 (0.56 g), as described for 3, 
gave syrupy, hygroscopic methyl {methyl ‘t-O+?-D-ghIcopyranosyl-?-O-methyl-B-D- 
galactopyranosid)uronate (0.35 g, 89.3?.;), which i\as methylatcd under the conditions 
described in the preparation of J. The crude product contained 9 (RF 0.25, solkent E), 
some undermethylsted material, and substances having the same chromato,gaphic 
mobility as methyl (methyl 4-deouy- 2,3-di-0-methyl-/?-r-rhreo-hex-4enopyranosid)- 
uronatc (RF 0.6) and methyl 2.3,4.6-tctra-0-methyl-ap-D-glucopyranoside (RF 0.55). 
Elurion from a column (37 x 2.7 cm, solvent E) of silica gel gave first the unresolved 
nixture of the faster-moving components, which was ckamined by g.l.c.-m.s. The 
three components had retention times (relative to methyl 2,3,4,6-tetra-O-methyi-r-D- 

glucopyranoside) 0.65, 1 .OO, and 2.74. The mass spectra of the substances con- 
firmed’6,?2 the results of the t.1.c. analyk. Subsequently eluted was pure 9 (0.27 g 
58.3% based on A, or 65.8% based on the deacetylated oligosaccharid:) having m.p. 
87-88” (from isopropyl ether, twice), [,r]i’ +78.8” (c 1, chloroform) (Found: 51.0; 
H, 7.78%). 

Methyl [methyl 4-O-acer~1-d-O-mt3rh~~!-3-O-(,7,3,4,6-tcrra-O-act~I~~~-~-~-ghrco- 

p~fa/l~5~~)-a-D-ga~acrop~ranosi~]rrrorlafe (7). - Acetic anhydride (IO ml) was added 
to a solution of 3 (3 g) in dry pyridine (IO ml), and the reaction mixture was kept at 
40’ for 16 h. T.1.c. (solvent E) then showed that startins material (RF 0.1) was still 
present. The crude product, isolated in the usual manner, was elutcd from a columii 
(35 X 3 cm) of silica gel to give 7 (2. I g, 97.7%; R, 0.25) as a white. amorphous Wld, 
[a]b’ i-97”(c I .06, chloroform) (Found: C, 49.65; H, 5.90. Cz5HJ60,, talc.: C, 49.34; 
H, 5.96%). 

M&IJ*~ (methyl 4-dro.~~-3-O-~-D-g/trcop~ranos~~-~-O-fnet~~~~~-~-L-~f~reo-he.~~- 

enopJvranosid)uronare (8). - (a) Compound 7 (0.2 g. 0.33 mmol) was added with 
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stirring to a mixture of dry methanol (6 ml), dry 2,Zdimethoxypropane (0.2 ml), and 
al methanolic sodium methodde (0.4 m!, 0.4 mmol). The solution was kept at room 
temperature with the exclusion of atmospheric moishJre and carbon dioxide for 
15 min; t.1.c. then showed that no starting material (RF 0.3, solvent E) was present. 
The solution was cooled in ice, deionized with DOWK-SOW(i-I+) resin, and f&red, 
and ethereal diazomethane was added to the filtrate. Conentration then gave a syrup 
containing (t.l.c., solvent F) the deacetylated starting materiai (RF 0.1) and a smal! 
proportion of the olefin 8 (RF 0.25, detection with both reagents). Fractionation on 
a column (30 x 2 cm) of silica gel gave 8 (25 ng, 20%) 2s a white, solid foam, [ccj: 
+ 135” (c i.03, methanol) (Found: C, 47.57; H, 6.N. C,sHzIO, I talc.: C, 47.36; 
I-1, 6.36%). 

Subsequently eluted was methyl (methyl 3-U-/3-D-glucopyranosyl-2-O-methyl- 
a-D-galactopyranosid)uronate (0.09 g, 69.2%). 

(6) Compound 7 (0.4 g, 0.65 mmol) was added with stirring to dry l,2-di- 
methoxyethane (I5 ml) containing dry methanol (0.27 ml, 6.6 mmol) and sodium 

hydride (0.16 g, 6.6 nunol), and the mixture was stirred with the exclusion of 

atmospheric moisture and carbon dioxide for 3@ tin; t.l.c. then showed that no 
starting material was present. The reaction mixture was worked-up as described 
above, and the product contained (t.1.c.) olefin S and the deacetylated starting 
material in the ratio - 1: I, together with a small amount of faster-moving. ols6nic 

substances (RF 0.4 and 0.6) that were not further examined. Chromatography of the 
mixture on silica gel gave 8 (0.121 g, 43.1%) and methy! (methyl 3-O-j?-D-gluco- 
pyranosyl-2-O-methyl-a-D-g~actopyranosid)uronate (0. Ia g, 40%). 

(c) Compound 7 (0.25 g, 0.41 mmol) was added w&b stirring to a mixture of 

dry 1,Zdimethoxyethane (8 ml> and sodium hydride (0.05 g, 2 mmol). The mixture 

was stirred with the exclusioo of atmospheric moisture and carbon dio.tide at 20”; 
no reaction occurred @l.c.) during 2 h, and stirring was continued at 80’ for 24 6, 
after which time no starting material was present. Work-up and chromatography of 
the product, as described in (a), gave 8 (0.141 g, 90.4%) identical in all respecti with 
the product described in (a). 

Methyl [methJ*l 4-deo.~~~-~-O-merh~~l-3-0-(,7,3,4,6-rerra-O-n~efh~~i-~-D-gl~~co- 
p~ran~s3’~-B-L-treo-he.r-4-e~op~fa~osid]uronale (6). - Compound S (0. I g) was 

methylated in N,iV-dimethylformamide (3 ml) with methyl iodide (0.32 ml) and silver 
otidc (1.2 g), as described in the preparation of 5. T.1.c. (solvent G) of the crude 

product showed ihat 6 (RF 0.25) and some undermethjlated material (RF 0.15) were 
preseat. Chromatography on a column (I8 ~2 cm) of silica gel with solvent G gave 
pure 6 (0.97 g, 84.40/b), [a];? + 144” (c I, chloroform) (Found: C, 52.14; H, 7.22. 
C,,H,,O,, talc.: C, 52.28: H, 7.39%). 

The authors thank B. LeStikov6 for the microanalyses, and G. KoSickg for 
tbz optical rotation measurements. 
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