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ABSTRXCT 

x3C-N.m.r. spectra were recorded of compounds containing O-(l-carboxy- 

ethylidene) groups linked to galactopyranose and fucopyranose derivatives. These 

compounds are useful as aids in determination of the positions and configurations of 

pyruvic acid acetal substituents in polysaccharides. Chemical shifts of non-protonated 
acetal carbons depend on whether the acetal ring is 5-membered (6, 107-109.5) or 
6-membered (6, 100.5-102.4). The C-3 signals of 3,4-(I-carboxyethylidene) acetals 

are typical, being at N 6, 81 and in the case of the barium salt of the methyl B-D- 

galactopyranoside derivative. The exact value depends on the configuration, whether 
it is as in 6 (8, 81.1) or 5 (b, 80.4). The CH, signals of proton-n.m.r. spectra are 

also diagnostically useful, falling at b i-97 and 2.07 respectively. (The foregoing 

shift-values are pH-dependent). The pyruvylated gala&an from the snail, Pontacea 
litzeata, was shown to contain some residues that could be assigned a structure corre- 

sponding, in the positions of acetal substitution and acetal configuration, to structure 
6. Compound 6 (barium salt) is of interest as its ‘3C-n.lm.r. spectrum lacks non- 
protonated carbonyl and acetal carbon resonances, when obtained by the usuai 

procedures_ While this is principally because of icng T, values, the non-protonated 

acetal carbon signals are comparatively broad, possibly through siow conformational 
interchange. In the case of the carbonyl resonance, the lack of sensitivity is because of 

a Iow n-0-e. vaIue of 1.4, approximately one half that of other carbon atoms in the 

molecule_ 

N.R.C.C. No. 19875. 
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13c MODELS FOR PYRUVIC ACETALS 3 

RESULTS AND DISCUSSION 

Carbon-13 nuclear magnetic resonance spectroscopy may be used to determine 
the ring size of cyclic acetals. Stoddart’ reported that methjrlene acetals containing 
5, 6-, and 7-membered rings gave acetal carbon signals showing typical chemical 
shifts. Differences were reported between acetal resonances of 1,2-O-isopropylidene- 
ethanediol (6, 108_5), 1,3-0-isopropylidene-1,3-propanediol (6, 97.7), and 1,4-0- 
isopropylidene-l+butanediol (6, 100.9)2. Comparable values been observed for 
other isopropylidene derivatives, and have been used in assignment of ring size3*4. 
Five-membered 0-Cl-(hydroxymethyljethylidene] rings, having a non-protonated 
acetal carbon resonance at 6, 110, are distinguishable from those of six-membered 
acetals’ having 6, 99.0-101.5. There is also a correlation between configuration and 
the 13C shift of CH, resonances of certain 6-membered acetal groups, for example 
4,6-0-[l-(acetoxymethyl)ethylidene], 4,6-G-(l-carboxyethylidene), and 4,6-O-[!- 
(methoxycarbonyl)ethyiidene] derivatives of methyl galactopyranoside give signals 
at E, 24.7-26.0 when the methyl group is equatorial and 6, 15.1-18.3 when it is axial6 
to the 1,3-dioxane ring. It was observed that differences of configuration in 3,4-0- 
[1-(acetoxymethyl)ethy!idene] and 3,4-O-[l-(hydroxymethyl)ethylidene] derivatives 
causes only small differences in CH3 shift 5*6 These small differences have been . 

attributed to conformational mobility of the ring and to the quasiequatorial and 
quasiaxial dispositions of the methyl groups3. 

The present study concerns the determination of various ‘3C-n.m.r. and proton- 
n.m.r. spectral parameters of compounds structurally related to 3,4-O- and 4,6-0- 
(l-carboxyethylidene)-D-galactopyranosyl residues, which occur in certain poiy- 
saccharides’-I’. These include chemical shifts (Tables I and II), spin-lattice relaxa- 
tion times (Table III), nuclear Overhauser enhancements (Table IV), and, for a few 
signals, line broadening. 

TABLE iI 

CHEhUCAL SI-3Fl-S OF hfElHYL ACETAL PROTONS IN PROTON N.M.R. SPECI-RA OF 3,4-0-(1-CARBOX 
DENE) DERIVATIVES 

Compound Chemical shifts of CH3 of 

acetal. 6 in p.p.m_ 

Methyl 3,4-O-(l-carboxyetbylidene)-P-rrgalactopyoside (6) (D-0) 1.94 
Methyl 3,4-G(lcarboxyethytidene)-8-D-galactopyranoside (5) (DzO) 2.04 
Barium salt of 6 (DzO) 1.87 
Barium salt of 5 c-20) 1.97 
Barium salt of 6 @zO,70”) 1.97 
BariLlm salt of 5 (Dzo, 70”) 2.07 
Barium salt of pyruvylated galactan of Pomacea Iineata 1.99 
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Fig. 1. 13C-N.m.r. spectra of /I-D-gaalactopyranan from Pomacea lineatu (A) and material obtained 
by 2 successive Smith degradations (B)_ Obtained as DzO solutions at 70”; numerical -Jalues are 
chemical shifts expressed as 8, in p-p-m_ 

With the aid of chemical-shift values, it is possible to determine the position 

of substitution and configuration of pyruvic acid acetals in a fl-D-galactopyranan 
from Pomacea lineata [formerly called Ampdlarizls heata, SP 1X, 1827). Characteristic 
of such substitution were signals of non-protonated acetal carbon atoms, C-3 of 
zcetal-substituted B-D-galactopyranosyl units, and acetal CH3 groups (Fig. 1, A). 
-The C-3 and CH, signals became comparatively larger in the spectra of polysaccharides 
obtained on successive Smith degradations, incorporating mild hydrolytic conditions 
[for example Fig. 1,B). 

The model compounds used in the spectral investigations and preparative 
routes are as follows. These include the 2 isomers (5 and 6) of methyl 3,4-O-(1- 

carboxyethylidene)~fl-D-galactopyranoside- Methyl 3,~O-isopropylidene-B-D-galacto- 
pyranoside (1) was selectively mono-O-benzyIated with benql bromide and silver 
oxide it N,N-dimethylformamide’Z to give the 6-benzyl ether. This was partially 
hydrolyzed and the resulting methyl 6-O-benzyl-/3-D-galactopyranoside (2) was 
treated with 2-oxopropyl acetate containing sulfuric acid to give the 2 isomeric 3,4-U- 
fl-(acetoxymethyl)ethylideue] derivatives. These were deacetylated, providing two 
methyl 6-0-benzyl-3,4-0-~1-(hydroxymethyl)ethylidene]-~-~g~actopyranosides (3 
and 4), which were formed in a ratio of - 3.3 : 1 as indicated by the areas of CH3 
sionals in the ‘3C-n.m.r. spectrum at 8, 21.94 and 23.60. According to the results E3 
of Garegg and colleagues6, based on an unpublished crystallographic determination, 
the major signal at 6, 21.94 havin g the lower shift-value should correspond to CH, 
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of the I-(hydroxymethyl)ethylidene soup having the P&o-hydroxymethyl configura- 
tion, as in 3. The major isomer was purified by crystallization dnd was oxidized with 
oxygen in t&e presence of platinum givin g the sodium salt of the 3,4-O-(l-carboxy- 
ethylidene) derivative, which was converted into the acid form and thence with 
diazomethane into the methyl ester. This was purified by chromatography on a 
column of silicic acid. Hydrogenolysis with palladium on charcoal removed the 
O-benzyl group, providing the major isomer of methyl 3,4-O-[ l-(methoxycarbonyl)- 

H2j--&o* Ho2cJj--~ 
OH 

OMe 
0 

HO 

H-O 

R = 4-O-Substituted 

3,6-onhydro-L-golactose 

dimethyl Qcetal 

10 

9 
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ethylidene]-B-D-galactopyranoside. The methyl ester of the minor isomer was prepared 
starting from the mother liquor obtained from crystallization of 3. A similar series 
of resctions was conducted, followed by column chromatography on silicic acid, 
of the mixture of methyl 3,4-O-[ l-(methoxycarbonyl)ethylidene]-~-D-galactopyrano- 
sides . Each methyl ester was converted into the barium salt of the 3.4O-(l-carboxy- 
ethylidene) derivative by the action of cold, aqueous barium hydroxide and thence 
to the free acids 5 and 6 by using a cation-exchange resin. 

-4 simiiar series of reactions was conducted starting from methyl /3-D-fuco- 
pyranoside 7. This was converted into methyl 3,4-O-[ l-(hydroxymethyl)ethylidene]- 
P-D-fucopyranosides in a ratic of - 5 : I, according to the r3C-n.m.r_ signals of acetal 
CHL, groups at 6, 23.56 and X.15. Each isomer was obtained in crystalline and the 
major component was converted into methyl 3,4-0-[I-( methoxycarbonyl)ethylidene]- 
fi-D-fucopyranosicie, further transformed into its corresponding 3,4-O-( 1 -carboxyethyli- 
dene) derivative (barium salt) and free acid 8. 

The chemical shifts of the non-protonated acetal carbon atom of methyl 
3.4-O-( I-carboxyethy!idene)-/I-D-galactopyranoside (6 and 5) are 6, 107.24 and 
107.-M, respectively, close to the value of 109 p_p.m_ characteristic of s-membered 
0-isopropylidene rings’-&_ These shifts are pH-sensitive, being 6, 109.07 and 105.92, 
respectively, for the barium salts. As would be expected, these signals are downfietd 
from the C-2” resonance of the 6-membered cyclic acetai of 3,6-anhydro-4-O-[4,6- 
O-i[-carboxyethyIidene)-P_D-galactopyranosyl]-L-galactose dimethyl acetal’ (9) 
which lies at S, 100.44 (free acid) and at 6, 10 1.7 1 (barium salt). Dependence on pH is 
cbscrved with acetal CH3 resonances of methyl 3,4-O-( l-carboxyethylidene)-B_D- 
galactopyranosides (6 and 5), which fall respectively (room temperature) at d, 
23.97 and 24.06 (free acid) and at 6, 24.55 and 24.55 (barium salt). 

Shifts of CH, groups may be used to characterize the size of the acetal ring in 
poIysaccharides. Thus, the barium salt of the pyruvylated galactanZ3 of the albumen 
gland of a snail, Pomacea iineata, gives a CH3 signal at 6, 24.6, close to values of 
6, 34.6-25.2. reported for polysaccharides from bacteria that contain S-membered 
(I-carboxyethylidene) groups’. These values, as would be expected, differ from those 
of 6-membered diastereomers of methyl 4,6-O-(I-carboxyethylidene)-G_D-gaIacto- 
pyranoside. which lie at’v6 5, 17.2 and 26.1, that of 6, 26.44 for 4,6-O-( l-carboxy- 
cthglidene j-z,p-D-galactose (10, barium salt), 6, 27.1 for its parent polysaccharide, 
that of ci, 26.26 for the barium salt of 3,6-anhydro40-[4,6-O-( l-carboxyethylidene)- 
D-D-gaiactopyranosyl]-L-galactose dimethyl acetal (9), and similar values for other 
structuraily related polysaccharides. The small difference of 0.03 p-p-m. between the 
CH5 resonances of diastereomers of the barium salt of methyl 3,4-O-(l-carboxy- 
ethylidene)-fi-D-galactopyranoside is insufhcient to allow the assignment of confi- 
guration of the acetal in the pyruvylated galactan of Pomacea lineata, already men- 
tioned_ In contrast, the C-3 signal is configurationally dependent, having 6, 51.12 
with 6 and 6, 80.44 with 5. As the C-3 (pyruvylated) signat of the galactan is at 6, 
Sl_9, the configuration of the acetal ring present in 6 is favored. This conclusion is 

confirmed using proton-n.m.r. spectroscopy_ 
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The barium salt of compound 6 in D,O at 70” gives a CH, signal at 6 1.97, 
whereas that of diastereomer 5 is at 6 2.07. The 0-(1-carboxyethylidene) group in the 
galactan gives a CH, signal at d 1.99, corresponding to the configuration of 6, 
opposite to that reported in various bacterial polysaccharides”. (Shift values of these 
and related compounds are summarized in Table II). These signals are at lower field 
than the 6 1.41 reported for a 4,6-0-(1-carboxyethylidene)-B-D-galactopyranoside 
group in a polysaccharideza and other values of diastereomers of the &membered 
acetals’*6. 

Factors aflecting sigtzaf shape in ‘3C-n.n~.r. spectra of 0-( I-carbox_vetlz_&le~ine/le) 

derivatives of galactopyanose ami ftrcop~ratzose. - 1 _ Line broadening. ’ 3C-N.m.r. 
spectra of the barium salts of methyl 3,4-O-( l-carboxyethylidene)-P-D-galactopyra- 
nosides (6 and 5), obtained with convectional acquisition-time, pulse width, and 
sweep width lacked signals correspondin g to carbonyl and acetal non-protonated 
carbon atoms. Although this property arises mainly from expectedly high T, values 
(see later), an unusual broadenin g occurred of signals of non-protonated acetal 
carbon atoms in spectra of certain compounds. For example, methyl 3,4-O-(1- 
carboxyethylidene)-P-D-galactopyranoside (6, barium salt) gave a spectrum showing 
a C-2’ signal at 6, 109.6 having a wider line-width at half-height of 2.5 Hz than that 
of the mono-protonated carbon, which was 1.7 Hz wide. Generally, a non-protonated 
carbon atom has a longer T1 value and therefore a narrower line-width than a mono- 
protonated carbon atomI’. Increasing the temperature to 70” led to each signal 
having equal line-widths of 1.0 Hz, indicatin,o that the signal broadening may be due 
to the presence of more than one conformer of the acetal rings and that interconversion 
is slow on the n.m.r. time-scale at room temperature, but faster at 70”. 

The acid form of methyl 3,4-O-(l-carboxyethylidene)-8_D-galactopyranoside 
(6) also gives a r3C-n.m.r. spectrum whose non-protonated acetal carbon resonance 
has a greater line-width (2.4 Hz) than those of the carbonyl carbon atom (E-6 Hz) 
and C-l (1.3 Hz). Respective line-widths for the acid form of methyl 3,4-O-(1- 
carboxyethylidene)~P-D-fucopyranoside 8 are 3.9, I-7, and 1 .O Hz. A similar broaden- 
ing occurs with the C-2” signal (6, 107.01, 6.0 Hz) of the acid form of methyl 
3,4-O-(l-carboxyethylidene)-2-O-~-D-,oalactopyranosyl-P_D-fucopyranoside (ll), 
which is wider than C-l and C-l’ signals (6, 103.50, 101.90; line width, both 2.5 Hz). 

Broadening was also observed with the C-2’ signal of 4,6-O-( i-carboxyethyh- 
dene)-r,j?-D-gtiactose (IO, barium salt). At room temperature, the observed line 
widths at half-height were 28 Hz (C-2’, S, 102.06) and 2.0 Hz (C-l, S, 97.20), whereas 
at 70” they were 16 and 2 Hz, respectively_ However, in these spectra, the C-2’ 
signal is a composite arising from CL and /3 anomers, thus Ieading to line-width 
estimates that are possibly too high. The aforementioned line-width phenomenon 

does not occur with such other 0-(l-carboxyethylidene) derivatives as methyl 3,4-O- 
(I-carboxyethylidene)~/3-D-galactopyranoside (5, barium salt) and the barium saIt 
and free acid forms of 3,6-anhydro40-[4,6-0-(l-carboxyethylidene)-8_D-~alacto- 
pyranosyl J-L-gaIactose dimethyl acetal (9). 

3 TI values. These values were measured by the Freeman-Hill modification of 
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the inversion-recovery methodI and, as expected, those obtained for the barium 
sait of methyl 3.~--(I-carboxyethylidene)-8-D-galactopyranoside (6) varied greatly 
depending on the carbon atom, bein g 11 s and 10 s for the carboxyl carbon and non- 
protonated acetal carbon atom, respectively, and 0.44-0.72 s for other carbon atoms, 
with the exception of the -OCH3 carbon atoms. Although T, values were not obtained 
at 70” for this compound, a comparable Ti value of 23 s for non-protonated carbon 
atoms was obtained with methyl 3,4-O-isopropylidene-/l-D-galactopyranoside_ Other 
T, values are recorded for various acetals in Table III. 

Increase in molecular weight Ieads tc increased correlation times and lower 
Ti values. This occurs on going from methyl 3,4-O-isopropyhdene-/l-D-galactopyra- 
noside. whose C-2’ and C-l atoms, at room temperature, have T, values of 10.4 and 
0.S2 s, respectively, to methyl 6-O-~-D-gaIactopyranosyI-3,4-O-isopropylidene-~-D- 
galactopyranoside. whose correspondin, 0 values are 5.7 and 0.47 s. The T, vaiues of 
methyl groups of acetals decrease from 0.9 1 and 0.68 s to 0.66 and 0.5 1 s. In the case 
of the *3C-spectrum of the pyruvylated galactanf3, obtained at 70”, the carbonyl 
signal does not appear, and the acetai carbon signal at 6, 109.0 is smah in comparison 
with the acetal CH, signal at 6,25.3 and the C-3 signal of a pyruvylated fl-D-galacto- 
pyranosyl residue at 6, 81.9 (Fig. 1,A). It thus appears that the smallness of the 
non-protonated C-2’ signai is due to its comparatively long Tr value. 

3. N.0.e. raIrres_ Normally with small molecules, the increase in intensity of a 
13C resonance as a result of proton decoupling’ ‘, namely the n.0.e. value, approaches 
the maximum’7.18 of 2.958. To attain the maximum value, 13C relaxation must occur 
entirely by i3C-H dipole-dipole interactions, and the effective correlation-times for 
rotational reorientation must be in a low range”, typical of small molecules_ N-0-e. 
vafues for carbon atoms in choIestery1 chloride and sucrose are - 3, but smalIer values 
were obtained for C-4 and C-5 of adenosine 5’-monophosphate, indicating that 
relmation mechanisms, other than dipole-dipole interactions, were important’ ‘_ 
This appears to be a contributing factor for the decreased intensity of the C-I’ 
carbonyl signal of the barium salt of methyl 3,4-O-(I-carboxyethylidene)-B_D-galacto- 
pyranoside (4)_ N-0-e. values were determined by comparison of the signal-integral 
to noise ratio obtained in a ConventionaI spectrum to one obtained by the anti-gated 
technique’ 8-z ‘_ The C-I’ atom had an n.0.e. value of 1.4, lower than the 2.3-3.1 
observed for other carbon atoms. In the case of methyl 3,4-O-(l-carboxyethylidene)- 
P-D-fucopyranoside (8, barium salt), the n.0.e. was higher for C-l’, being 2.4 
(compared with 2.5-3.0 for other carbon atoms). Thus, low n.0.e. values may 
contribute to the smallness of carbonyl signals at C-l’, which is the carbon most 
remote from neighbouring protons, but have little effect on the size of the non- 
protonated acetal carbon at C-2’, which resembIes other non-protonated carbon 
atoms whose n.0.e. is” -3 (n.0.e. values are given in Table IV). 

The r3C-n.m.r. spectra of the acid forms of methyl 3,4-O-(l-earboxyethyIidene)- 
B-D-galactopyranoside (6) and methyl 3,4-O-(l-carboxyethylidene)-/3-D-fucopyrano- 
side (8) also displayed carbonyl resonances however low n.0.e. values of 1.3 and 
1.5, respectively (TabIe IV). 
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EXPERIMENTAL 

General methods. - 13C-N m.r. spectra were obtained by using a Varian . 
XL-100 n.m.r. spectrometer incorporatin, Q Fourier transform. For T, and n.0.e. 
determinations, degassed 20 “/, solutions were used. Carbon-13 chemical shifts are 
expressed as ac relative to external tetramethylsilat?e (Me,Si), whose resonance was 
determined in a separate experiment as an offset from that of DZO. Proton shifts 
are for D,O solutions, being relative to external Me,Si contained in a capillary_ The 
values are -0-41 (33”) and -0.50 p-p-m. (70”) higher than those reported when 
sodium 2,2-dimethyl-2-silapentane-5-sulfonate is used as internal standard_ 

Methyl 3,4-0-[:I-(f~ydro_~ymetl~~l)eti~y~idet~e]-~-D-f~rrcopyrat~osides. - Methyl 
B-D-fucopyranoside (7,7.5 g) was shaken in 2-oxopropyl acetate” (75 mL) containing 
sulfuric acid (0.3 mL) and Baker 3 A molecular sieve (20 g)_ The sugar completely 
dissolved after 2 h. The mixture was then added to aqueous sodium hydrogen- 
carbonate containing ice, which was then extracted with ethyl acetate. The extract 
was evaporated to a syrup that was dissolved in 0.131 methanolic sodium methoxide 
(30 mL) which, after 30 min, was evaporated and the resulting residue deionized with 
Amberlite IR-120 (Hf) and Dowex I-XB (HCO;) resins. The product crystallized 
from ethyl acetate, providing the major isomer of methyl 3,4-O-[l-(hydroxymethyl)- 
ethylidenel-/3-D-fucopyranoside, (1_87g), m-p. 17%178”, b]z + 13 o (co.6 methanol): 
‘3C-n.m r (D,O, 700): 6, 11 l.Sl, 104.47, 80.66, 78.08, 74.16, 70.42, 67.59, 58.46, . _ 

22.56, and 17.19. 
Anal. Calc. for C1,,H1806: C, 51.27; H, 7.75. Found: C, 51.11; H, 7.76. 
The mother liquor of the foregoing crystallization was examined by t.1.c. on 

silica gel (solvent: chloroform-ethanol, 9 : l v/v), which showed the presence of’the 
previously crystallized product (RF 0.3) and slower-moving material (RF 0.25). 
Column chromatography on silicic acid (eluant: 50 : 1 (v/v) chloroform-methanol) 
provided more of the foregoing material (0.16 g from ethyl acetate) and the minor 
isomer of methyl 3,4-O-[ I-hydroxymethyl)ethylidene]-/3-o-fucopyranoside (0.25 g 
from ethyl acetate), m.p. 131-133’, [a]g -i 17” (c 0.7, water); 13C-n.m.r. (D,O: 
70”): 6, 111.64, 104.48, 80.97, 79.15, 74.50, 70.43, 66.85, 58.50, 24.15, and 17.10. 
Comparison of the CH3 signals at 6, 22.56 and 24.15 in the original mixture of 
isomers formed in the reaction with 2-oxopropyl acetate showed that they were 
present in a ratio of - 5 : l_ 

Anal. Cab for C,,H,*06: C, 51.27; H, 7.75. Found: C, 51.27; H, 7.70. 
Methyl 3,4-0-[Z-(nzethoxycarbonyi)ethylidelze]-8-D-fucopyranosidede. - A solu- 

tion of the major methyl 3,4-O-[ 1 -(hydroxymethyl jethylidenel-/?-D-fucopyranoside 
(1.50 g) in water (10 mL) was added to a wet preparation of platinum, freshly pre- 
pared by hydrogenation of Adams’ platinum oxide catalyst (1.50 g). The mixture 
was maintained at 90” and oxygen bubbled through with sufficient force to keep the 
catalyst suspended_ A solution of sodium hydrogencarbonate (0.59 g) in water 
(18 mL) was added to the mixture in portions of 3 mL each h. After 8 h, the solution 
was treated with Amberlite IR-120 (H+), filtered, and lyophilized. The resulting 
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O-( 1-carboxyethylidene) derivative was esterified with ethereal diazomethane. 
Examination by t.1.c. [silica gel, 1 2: I (v/v) chloroform-ethanol] showed a trace of 
starting material (RF 0.3) and the tide compound (RF 0.S). Column chromatography 
on silicic acid (chloroform) provided the required material (0.95 g) as a syrup, 
f~]p f 3’ (c 1.0, methanol); r3C-n.m.r. (CDCls): 6, 107.05, 105.87, 103.14, 80.43, 
77.lS: 77.10, 68.525 56.76, 52.73, 23.46, and 16.47. 

_&al. Calc. for C,,H,sO,: C, 50.37; H, 6.52. Found: C, 50.21; H, 6.89. 
~Verlr~I 3,4-O-(I-car~osyet/zyz~denene)-B-D-fitcopyranos~de: free acid 8 and barium 

salt, derived from the nraior O-(I-Iz_~dro_q.methyl)eth~lidene derivative. - Methyl 
3,4-a-rl-(nlerho_~~~arbo,~~~j~t/,~[~~e~~eJ-~-~-fuco~yranoside, derived from the major 
3,3-[l-hydroxymethyl)ethylidene] acetate, was dissolved in water containing an 
excess of barium hydroxide and, after IS h at room temperature, Dry Ice was added, 
and the mixture was filtered and the filtrate evaporated. The residue was extracted 
with water and the mixture filtered and the filtrate re-evaporated. The resulting 
barium salt of 8 had [x]i5 -9” (c 0.3, water); ‘3C-n.m_r. (DzO): 6, 178.49, 108.66, 
!03_4S, 80.51, 7S.09, 72.00, 69.92, 55.12, 24.54, and 16.89; in D20 at 70”: S, 178.60, 
109.21. 104.11, 51.03, 75.52, 72.53, 70.39, 58.47, 24.89, and 17.31. 

The barium salt was converted into the free acid 8 having [zJgs -8” (c 0.3, 
water) by treatment in water with Amberlite IR-120 (Hf) followed by filtration and 
lyophilization, L3C-n.m.r. (D?Oj: 6, 174.76, 106.81, 103.61, 81.13, 78.67, 71.78, 
69.56, 55.07, 23.99, and 16.73. 

Anal. Caic. for C,,H,,O,: C, 45.38; H, 6.50. Found: C, 48.27; H, 6.31. 
Meth_ri 6-0-benzyf-j.S-D-galactopyranoside (2). - Methyl 3,4-O-isopropylidene- 

0-Dgalactopyranoside (1, 'ii.9 g) was partly 0-benzylated in N,N’-dimethylformamide 
(30 mL) containing silver oxide (IS.0 g), which was shaken and to which 1.3 molar 
equivalents of benzyl bromide (5.8 ml_) was added. After 18 h, the mixture was 
diluted with dichloromethane, the mixture filtered, and the filtrate evaporated to a 
syrup that was treated in SO% aqueous acetic acid (100 mL) for I h at 100” in order 
to remove the 0-isopropylidene group. The product, on examination by t.1.c. [silica 
gel, 9 I 1 (v/v) chlorofc-m-water] showed 3 spots having RI 0.0, 0.25, and 0.6. It 
was partitioned between benzene and water, and the aqueous layer found to contain 
materials corresponding to spots having RF 0.0 and 0.25. This material, following 
evaporation, was dissolved in ethyl acetate (100 mL), ether (100 mL) was then added, 
and the solution was kept for 24 h at 4”. The mother liquor was decanted from the 
precipitate and evaporated to a syrup that crystallized from 1: 1 ethyl acetate-hexane 
(150 mL) providing compound 2 (3.5 g), m-p. 104”, Ca-jk5 - 15 o (c 1.2, ethanol); 
‘3C-n.m.r. (CDCI,): 6, 238.10, 1X50, 128.06, 127.78, 104.18, 73.72 (2 carbons), 
73.65 (2 carbons), ?1.51, 69.43, 69.29, and 57.15. 

.4nal. Calc. for CIaHZoOs: C, 59.14; I-S, 7.09. Found: C, 58.93; H, 7.11. 
The material having RF O-6 just described was methyl 2,6-di-0-be-l-/3-o- 

galactopyranoside, and from ether-hexane it had m-p. 81-82”, [a];* -13” (c 0.6, 
ethano1); yield 1.6 g. 

Anal. Cab for C,,H2,0,: C, 67.36; H, 7.00. Found: C, 67.47; H, 6.81. 
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icletJq*I 6-O-benzyJ-3, 4-O-CI-(Jz~~dro_~y~~teti~~1~~etJ~~~fidene~-~-~-ga~actopyro~~os~de 

(3). - Compound 2 (4.2 g) was converted into its 3,4-[I-(hydroxymethyl)ethylidene 
acetals by the method already outlined in the fkcopyranoside series. The product 
contained 2 isomers, which on t.1.c. [silica gel, 9: I (v/v) chloroform-ethanol] had 
RF 0.55 (major, 3) and 0.50 (minor, 4). According to the intensities of ‘3C-n.m_r_ 
CH3 signals (D?O) at 6, 21.94 and 23.60, they were present in the ratio of - 3.3 I 1. 

Crystallization from ether gave the major isomer 3 (1.20 g), m-p. 116”, [E];” - 13 o 
(c 0.6, ethanol); 13C-n.m.r. (DzO): 6, 138.3 2, 129.92, 129.71, 129.58, 111.88, 103.56, 
80.07, 75.07, 74.28, 74.72, 73.72, 72.63, 70.01, 66.70, 58.19, and 21.94. The materiai 
(1.13 g) in the mother liquor was recovered. 

Anal. Calc. for C,,HZqO,: C, 59.99; H, 7.11. Found: C, 59.73; H, 6.97. 
MefJ& 3,4-0-I:J-(metJ~o_~~carbonJd)erJ~~J~denel-B__ - The 

major product from the precedin g experiment (3, 0.90 g) was successively oxidized 
with Pt/O, and esterified with diazomethane as described previously. The silicic acid 
chromatography procedure provided a fraction (0.37 g) corresponding to methyl 
6-U-benz~~1-3,4-0-[l-(m~thoxycarbonyl)ethylidene~-~-~-,oalactopyranoside, which 
was hydrogenolyzed with 5 o/0 Falladium-on-charcoal in acetic acid. The mixture was 
filtered and the filtrate lyophilized giving methyl 3,4-O-[l-(methoxycarbonyI)ethyl- 
idene]-B-D-galactopyranoside (from ethyl acetate-ether), m-p. 152-l 53 O, [z]:’ 
-So (c 1.0, methanol); yield 0.25 g; ‘3C-n.m.r. (CDCI,): 6, 169.96, 106.47, 103.31, 
80.56, 74.82, 73.18, 71.41, 62.26, 57.20, 52.95, and 23.60. 

Anal. Calc. for C,,H,,O,: C, 47.45; H, 6.52. Found: C, 47.65; H, 6.59. 
The mother liquor from the preparation of crystailine compound 3 contained 

the minor isomer (4), and the syrupy mixture (1.13 g) was oxidized with Pt/OZ and 
then converted into its methyl ester. The product was partitioned between chloroform 
and water and the material present in the chloroform layer was hydrogenolyzed with 
5% palladium-on-charcoal in acetic acid. TLC. [siiica gel, 9: 1 (v/v) chloroform- 
water] showed the presence of three components having RF 0.50, 0.55, and 0.60. 
Column chromatography on silicic acid 150 I 1 (v/v) chloroform-methanol] provided 
the component having RF 0.60, which was the other isomer of methy 3,4-O-Cl- 
(methoxycarbonyl)ethylidene]-~-D-galactopyranoside which, from ether-hexane, 
had m-p. 147-149 O, [ali5 - 13 o (c 0.5, methanol); yield 0.07 g; 13C-n.m.r. (CDCL,): 
6, 170.05, 106.96, 103.23, 79.26, 75.82, 74.06, 73.24, 62.12, 57.21, 52.64, and 23.49. 

Anal. Calc. for C,,H180,: C, 47.48; H, 6.52. Found: C, 47.74; H, 6.47. 
MetJtyl 3,4-O-(1 -carboxyetJzylidene)-/?-D-galacfopyrano.Gde (6), free acid and 

barium salt, derived$-om t/le major isomer 3. - The barium salt of 6, [Z 1:’ -6 ’ 
(c 0.3, water), was prepared by the action of aqueous barium hydroxide on the 3,4-O- 
[l-(methoxycarbonyl)ethylidene] derivative prepared from 3; ‘3C-n.m.r. (D,O): 
6, 178.40, 109.07, 103.71, 80.63, 75.45, 74.16, 72.15, 62.12, 58.22, and 24.55; (D,O, 
70”): 6, 178.49, 109.60, 104.31, 81.12, 76.00, 74.62, 72.63, 63.64, 58.56, and 24.98. 
The acid from 6 had la]z -5” (c 0.3, water); 13C-n.m.r. (D,O): 6, 174.41, 107.24, 
103.68, 80.42, 74.26, 74.04, 71.92, 61.94, 58.23, and 24.5. 

Anal. Calc. for C10H1608: C, 45.45; H, 6.10. Found: C, 45.13; H, 6.34. 
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&le:lzy/ 3,4-O-( i-car60_qvet/zy~idefze)-p-D-gafactopyrazzoside (s), free acid and 

harizznz salt derivedfrom the minor isomer 4. - The barium sah of 5 had [a];’ -6” 
{c 0.3, water); 13C-n.m.r. (D,O): 6, 178.84, 108.92, 103.85, 79.88, 76.00, 74.54,74.17, 
61.94, 35.15, and 24.55 (DzO, 70”): S, 109.45, 104.47, 50.44, 76.46, 74.93, 74.71, 
62.50, 58.54, and 25.05. The free acid had [LY]~ -10” (c 0.2, water); 13C-n_m.r. 
(D,O)z d, 175.37, 107.44 103.79, 80.40, 76.64, 74.30, 74.01, 61.88, 68.20, and 24.06. 

AnaL Calc. for CIoHI,O,: C, 45.45; H, 6.10. Found: C, 45.09; H, 6.43. 
Met/zyl 6-O-P-D-galactopyrarlos~Z-3,4-O-isopropylidene-8_D-galactopyrazzoside. 

- 2,3,4,6-Tetra-O-acetyl-z-D-gahWopyranosy1 bromide (0.50 g) was added in five 
portions to a shaken mixture of methyl 3,4-O-isopropylidene-/?-D-galactopyranoside 
(O-50 g) in dichloromethane (10 ml_) containin g silver carbonate (2.5 g) and Baker 
3 A molecular sieve (5 g). After 2 h, the mixture was diluted with dichloromethane, 
which was filtered and the filtrate evaporated to a syrup. The product was deacetylated 
with methanolic sodium methoxide and after 30 min the solution was made neutral 
with carbon dioxide, evaporated, and the resultin, = residue deionized in water with 
ion-exchange resins. The material contained galactose and the required substance, 
with a mobility equal to that of rhamnose on a paper chromatogram [40 : 11: 14 
(v/v/v) l-butanol-ethanol-water], column chromatography on cellulose [IO : 1 (v/v) 
acetone-water) provided methyl 6-O-j3-D-galactopyranosyl-3,4-U-isopropylidene-j?- 
D-galactopyranoside (0.4! g), [LX]? t20” (c 0.5, water); ‘3C-n.m.r. (DzO): S, 
112.10 104.55, 103.96, 79.94, 76.31, 75.08, 73.88, 73X3, 73.20, 71.90, 69.93, 69.80, 
62.04,58.39, 28.36, and 26.63. 

Anal. Cdc. for Cr6H2eO11: C, 48.48; H, 7.12; Found: C, 48.23; K, 7.01. 
l\fet/~yf Z-O-~-D-ga~actop~razzos~~-3,4-O-~~-(nzethosycarbozzy~)et~zy~idene]-~-D- 

fzzcopyranoside] (11). - 2,3,4,6-Tetra-0-acetyl+D-Salactopyrdnosyl bromide (1.5 g) 
was condensed with methyl 3,4-O-[l-(methoxycarbonyl)ethylidene)-P_no- 
side (0.35 g) by the procedure already described_ After treatment with diazomethane, 
the product was examined by t.1.c. on silica gel [4: 1 (v/v) chloroform-ethanol), 
and sgots having RF 0.8 (starting ester) and R, 0.15 (product) were detected. Column 
chromato,oraphy on cellulose [solvents: benzene-methanol, 10 : 1,4 : 1, and 3 : 1 (v/v), 
successively] provided methyl 2-0-P-D-galactopyranosyl-3,4-@[l-(methoxycarbo- 
nyl)ethylidene]-P-D-fucopyranoside (136 mg), [a]F -k-4” (c 0.3, methanol). 

Anal. Cak. for C17K28012: C, 48.11; H, 6.65. Found: C, 48.43; H, 6.83. 
The barium salt of the 3,4-0-(l-carboxyethjlidene) derivative 11 was prepared 

by alkaline hydrolysis; l’C-n_m.r. (D,O): 6, 177.31, 108.41, 102.74, 101.95, 80.46, 
78.37, 77.43, 76.10, 73.92, 72-12, 69.91, 62.11, 57.64, 24.65, and 16.79; (DzO, 70”): 
6, 108.93, 103.26, 102.73, 80.83, 78.73, 78.19, 76.52, 74.59, 71.82, 70.50, 62.59, 58.03, 
25.06, and 17.23. 

The derived free acid 11 had [a]? -7” (c 0.3, water); r3C-n.m.r. (D,O): 
6, 174.80, 107.01, 102.50, 101.90, 81.23, 78.92, 76.70, 76.20, 73.93, 71.98, 69.81, 
6964, 62.02, 57.69, 24.09, and 16.67. 

Methyl 4,6-0-isopropyle-B-D-ga[actopyranoside_ - Methyl 2,3-di-o-acetyl- 
4,6-0-benzyiidene-fl-D-galactopyranoside (4.0 g) was partially hydrolyzed in SO % 
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aqueous acetic acid (89 mL) for 1 h at 100” and the solution evaporated. The residue 
was shaken with acetone (200 mL) containing sulfuric acid (0.2 mL) and anhydrous 

copper sulfate (50 g) for 2 h, pyridine (10 mt) then added and the solution filtered 
and evaporated. The product was deacetylated in 0.1 M methanolic sodium methoxide 
(20 mL) and the solution was evaporated and the residue deionized in aqueous 

solution with ion-exchange resins. The products contained methyl j?-o-galactopyra- 
noside as a contaminant of its 4,6-isopropylidene acetal and the mixture was chromato- 
graphed on a column of silicic acid [eluant: 25: 1 (v/v) chloroform-methanol]. The 
resuiting methyi 4,6-O-isopropylidene-fl-D-galactopyranoside, from ethyl acetate- 
ether, had m-p. 161-163”, k]p - 17” (c 0.7, ethanol); yield 56%; r3C-n.m.r. (DzO): 

6, 104.46, 100.73, 72.63, 71.43, 69.58, 67.34, 63.39, 58.17, 29.45, and 19.05. 
Anal. Calc. for C,,Hr806: C, 51.27; H, 7.55. Found: C, 51.27; I-I, 7.65. 
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