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INTRODUCI-ION 

In compounds such as cyclohexanol and its O-derivatives, the atom directly 
attached to the ring, i.e. oxygen, determinesl, in large measure, the free energy of the 
process (I) + (11). Other exocyclic atoms attached to the first one are much less 
important. Thus, the conformational energy of (I), where R=H, Me, Et, MeCO, or 

p-Cl&‘CGH&O2, is 0.64.9 kca1. mole-l. 

However, it was of interest to ascertain whether the replacement of the axially 
disposed methoxy group in methyl a-D-glucopyranoside (III) by the more bulky teri- 
butoxy group would modify the CI conformation (Reeves’ nomenclatures) of the 
pyranose ring. For this purpose, severa conformationally dependent measurements 
were made on the tert-butyl ct- and &D-ghrcopyranosides, using the corresponding 
methyl D-glucosides as references. 

RESULTS AND DISCUSSION 

Table I shows the molecular rotations of D-glucopyranosides. The calculated 
values have been obtained by Whiffen’s methods. The contribution to rotation of the 
aglycones was calculated empirically from the molecular rotation of the /?-D anomer, 
since, for each pair, this is more likely to adopt the Cz conformation. In all cases, 
except tert-butyl cc-D-glucopyranoside, the observed values are in close agreement 
with those calculated for the Cr conformation. The 7 ok difference between the observed 
value for the terr-butyl a-D-glucopyranoside and that calculated for its CI confor- 
mation, since this should tend to lower the molecular rotation. 
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Likewise, the paper-electrophoretic mobility in borate solution (Table II) and 
the rate of periodate oxidation of iert-butyl a-D-ghrcopyranoside are similar to those 
of the corresponding methyl derivative. They are thus compatible with the CI con- 
formation. 

TABLE I 
MOLECULAR ROTATIONS, [MD, OF D-GLUCOPYRANOSIDES 

D- Ghico- 

pyranoside 
Contribution Colculared ua2ue.O Observed uaIue,O 
from CI IC 
aglycone," conformation conformation 

Methyl a- +roo 3-309 - 69 -l-309 
Methyl t% -100 - 68 -212 - 66 

Cydohexyl a- + I40 +349 +rog +349 
Cyclohexyl @- - 140 -108 -252 -109 

tert-Butyl a- -!- 77 +286 + 46 +3o8 
fert-Butyl t% - 77 - 45 -156 - 45 

TABLE II 

PAPER ELECTROPHORETIC MOQILITIES OF D-GLUCOPYRANOSIDES M BORATE SOLUTION 
. . 

D-Glucopyranoside Methyl a- tert-Butyl a- Methyl fl- tert-Butyl /3- 

MG 0.11 0.10 0.19 0.13 

The infrared spectra of the terr-butyl D-glucopyranosides were interpreteda- as 
shown in Table III. However, if the a-D anomer adopts the CI conformation, it is not 
clear why the Type za absorption should be a doublet. 

Much evidence has been accumulated to demonstrate that the anomeric 
proton in pyranoses and their derivatives resonates at a lower magnetic field than the 
other ring protons’**, and assignments of conformation have been made from its 
chemical shift and coupling constant. The anomeric protons of several ~-D-&CO- 

TABLE III 

S SPECTRAOFD-CLUCOPYRANOUDES 

D- Glucopyranoside Absorprion (cm-l) = 

Type 14.5 Type 2b4n6 O-tert-ButyP Type 2&J 

Methyl a- 896 s 840 s 
tert-Butyl a- 897 s 865 s 850 m, 840 w 
Methyl fl- 919 w 884 s 

tert-Butyl fl- 918 w 900s 875 s 

%, m, and w indicate strong, medium, and weak, respectively. 

Carbohydrate Res., 3 (x966) 1-6 



tWt-BUTYL DESIVATIVES OF D-GLUCOSE 3 

pyranosides exhibit a chemical shift of 4.88 f 0.33 t with JL,Z ‘3.2 f- 0.6 c.p.s8. 
The corresponding figures for the P-D anomers are 5.56 f 0.06 t and 7.2 f 0.2 C.P.S. 

These values have been interpreted on the basis of the Cr conformation. The chemical 
shifts for the anomeric protons in tert-butyl a- and /?-D-glucopyranosides are 4.9 and 
5-6 r, respectively_ The coupling constant for the E-D anomer, Jr,2 3-5 c.p.s., is Close 
to an axial-equatorial coupling in cyclohexane systems, while that for the B-D anomer, 
Ji,z 6.0 c.p.s., is in agreement with the corresponding axial-axial coupling. We thus 
conclude that the tert-butyl a-(W) and B-D-ghxcopyranoside (v) exist in the Cr 
conformation and that the ferf-butyl group in the a-D anomer is not sufficiently large 
to modify this conformation. 

P 91: 3zr.I 

During these investigations, it was found that D-glucose, in the presence of an 
acid catalyst, reacts with tert-butyl alcohol to afford significant proportions of a 
material which was shown to be 6-U-rert-butyl-/3-D-glucopyranose(VI). The assignment 
of structure for this ether is based on the following observations: (a) the compound 
was easily hydrolysed to give D-glucose; (b) the infrared spectrum of the crystalline 
material contained absorption bands at 875 (possibly with a shoulder at 870) and 
goo cm-l, but not at 844 f 8 cm-l; (c) the direction of mutarotation; (d) the p.m.r. 
spectrum, measured in DzO, revealed the presence of a terr-butyl group and the 
anomeric protons of a- and b-D-glucopyranoses; (e) acetylation afforded the tetra-U- 
acetyl derivative of its P-D anomer; (d) when treated with periodate, the ether con- 
sumed ca. 4 mol. of periodate, but no formaldehyde was produced during the reaction; 

Minor products formed by the reaction between D-glucose and tert-butyl 
alcohol were the tert-butyl a- and B-D-glucopyranosides and another tert-butyl ether. 
This ether was obtained crystalline, but not in sufficient quantities for a complete 
structural analysis. However, it was hydrolysed to give D-glucose, and consumed 
6.4 mol. of periodate with liberation of I mol. of formaldehyde. This, together with 
the paper-electrophoretic mobilities of the ether and its reduction Product in germanate 
and molybdate solutions, respectively, indicates that the ether is 2-O-ferf-butyl-D- 
glucose (VII). 

By treatment of x,2:5,6-di-O-isopropylidene-a-D-glucofuranose with tert- 

butyl bromide, and subsequent hydrolysis, Kenuer and Richards9 obtained trace 
proportions of a material which they assumed to be 3-O-tert-butyl-D-glucose. The 
3-O-tert-butyl-r,2:5,6-di-O-isopropylidene-a-D-glucofuranose was, however, synthe- 
sised in good yields by the action of 2-methylpropene on 1,2:5,6-d& O-isopropylidene- 
&D-gkcofurancse~0. 
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The formation of tert-butyl ethers of D-glucose, under the conditions described 
in this paper, can be understood in terms of the known facility with which tert-butyl 
alcohol reacts with alcohols to give mixed ethers 11. Good yields are, however, obtained 

from this reversible reaction only if one of the products is removed from the reaction 
mixture as it is formed. In our case, this was water, which was removed by barium 
oxide. This proportion of the 2- and 6-ethers present in the reaction mixture is in 
agreement with the relative reactivities of simple secondary and primary alcohol+ 
in this reaction with tert-butyl alcohol. It is also in agreement with the relative reac- 
tivities of the hydroxyl groups of D-glucose towards several acylating and alkylating 
reagentsla. 

EsmERmEN-rAL 

General 
The tert-butyl a- and /?-D-glucopyranosides were prepared as described in the 

literaturei3J4. Electrophoresis was carried out on Whatman No. 3 paper, using 
boratels, germanatel6, or molybdater7 solutions as electrolytes. Thin-layer chromato- 
graphy was performed on silica gel, using a benzene-methanol mixture (24:r). The 
solvent used for paper chromatography was butan-I-ol-ethanol-water (40~ r:rg). 

Spectra. - Potassium bromide discs or Nujol mulls were used for measure- 
ments of the infrared spectra of the D-glucopyranosides. Only the range from 75o- 
g5o cm-l was examined in detail. The p.m.r. spectra were measuredin deuterium oxide, 
using a Varian A-60 spectrometer with tert-butyl alcohol as an internal reference. 

Periodate oxidation of methyl and tert-butyl a-D-glzrcopyranoside& 

The rates of oxidation of the methyl and tert-butyl a-D-glucopyranosides in 
0.015~ potassium periodate (buffered to pH 6.93 with phosphate) at 20~ were fol- 
lowed spectrophotometricallyrs. The moles of periodate consumed per mole of the 
methyl derivative were as follows: 0.25 h, 0.53; 0.5 h, 1.21; o-75 h, 1.50; 2.0 h, 2.07; 
4.5 h, 2.23. The corresponding figures for the tert-butyl derivative were: 0.25 h, 0.66; 
0.5 h, 1.14; 0.75 h, 1.28; 2.0 h, 1.85; 4.5 h, 2.05; 7.0 h, 2.09. 

Reaction between D-glucose and teti-butyl alcohol 

A suspension of D-glucose (20 g) and Zeo-Carb 225 (H’ form) (15 g) in tert- 
butyl alcohol (150 ml, dried over calcium oxide and redistilled) was refluxed for 2 h 
in a Soxhlet apparatus, the thimble of which contained barium oxide. The supematant 
liquor was then poured off and replaced by tert-butyl alcohol (150 ml), together with 
additional resin (5 g). The suspension was again refluxed for 2 h. This operation was 
carried out three times. The combined supematant liquors were concentrated to a 
syrup (15 g). This was fractionated (25~ml fractions) on a charcoal-Celite column 
(5 x 50 cm) using (a) water (3 1), fb) 0-2oY~ ethanol (4 I), and (c) 2o-40% ethanol (4 1) 
as eluants. 

Fractions 20-70 contained unreacted D-glucose (ca. IO g of crystallised syrup). 
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The residue from fractions I57-163 gave, from a small volume of water, 2-U-tert- 
butyl-D-glucose (0.2 g), m.p. 220-223O, [c&s + I Ig0 (5 min) +- + 103~ (equil.) (c 3.0, 
water) (Found: C, 50.1; I%, 8.2. cl0H~OoS talc.: C, 50.8; H, 8.5%). It showed absorp- 
tion at 1380, 1365, 1250, 1240, and 860 cm-1 and had Ro 3.5, Mo(Ge) 0.03 (consistent 
with a a-ether). When it was treated with potassium periodate in a buffered solution 
[phosphate, pH 6.5 (Ref. rg)] the moles of periodate consumed (determined by the 
arsenite methodso) per mole of the ether were as follows: 54 min, 3.9; 18 h, 6.4; 
24 h, 6.4. In 24 h, I mol. of formaldehyde was produced by this reaction. The reduction 
product of the ether (obtained by treatment with potassium borohydride) had M&MO) 
0.91 (consistent with a 2- or g-ether). 

The 2-O-tert-butyl-D-glucose (IO mg) was hydrolysed in 2~ sulphuric acid for 
I h at go”. Paper chromatography of the hydrolysate revealed the presence of a single 
component corresponding to glucose. 

Crystahisation from ethyi acetate of the residue of fractions 164-220 {containing 
alS0 small amounts of tert-butyl a- [RG 3.6, &f&3) 0.101 and /3-D-glucopyranoside 
[Ro 3.3, MC(B) 0.131) gave 6-O-rert-butyl-B-D-gIucopyraIIose (2.0 g), m.p. 149_151°, 
I& + 70” (5 mm) + -i- 80~ (equil.) (c 2.3, water) Found: C, 50.5; H, 8.6. C1sHsoOs 
talc.: C, 50.8; H, 8.5%). It showed absorption at 875 (possibly with a shoulder at 
870) and goo cm-I. Signals in the p.m.r. spectrum were at 8.8 (tert-butyl), 5.4 (6, H-I), 
and 4.8 T (a, H-r). The moles of periodate consumed per mole of the ether {determined 
as described above) were as follows: 45 min, 2.5; 3 h, 4. I ; 20 h, 4.1. No formaldehyde 
was produced on treatment of the ether with periodate. 

The 6-U-terr-butyl derivative (100 mg) was hydrolysed in water (IO ml) in the 
presence of Zeo-Carb 225 (H’ form) for 15 min at go”. Paper chromatography of 
the hydrolysate revealed the presence of a single component corresponding to glucose. 
This was converted into N-p-nitrophenyl-D-glucosylamine dihydratesl, m-p, 18o-184“. 

Acetylation of the 6-0-tert-butyl derivative with acetic anhydride in pyridine 
afforded r,2,3,4-tetra-O-acetyl-6-O-tert-butyl-B-D-gIucopyranose, m.p. r33--r35”, 
[c& -I- 21~ (c 1.0, chloroform) (Found: C, 53.7; L-IL, 6.9. &$&&3010 talc.: C, 53.5; 
H, 7.0%). It showed absorption at 870 and goo cm-l. 

The residue of the mother liquor from the crystallisation of the 6-0-tert-butyl 
derivative was acetylated. Fractional crystalhsation from ethanol-light petroleum 
(b.p. 40-60”) yielded !ert-butyl 2,3,4,6-tetra-0-acetyl-p-D-glucopyranosider4 (0.4 g), 
m.p. 144”, [a]g - 16” (c 0.8, chloroform), and I,2,3,4-tetra-0-acetyl-6-O-terr-butyl- 
@-D-glUCOpyranOSe (0.4 g), m.p. and mixed m.p. 133-135”, [cc]~ + 21° (c 1.0, chloro- 
form). 
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SUMMARY 

terf-Butyl a- and #I-D-glucopyranoside have been shown to adopt the CI con- 
formation. 

Treatment of D-&COSe with tert-butyl alcohol, in the presence of an acid 
catalyst, yields 6-O-tert-butyl-@-D-glucopyranose and a small proportion of 2-O-tert- 
butyl-D-glucose. 
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STUDIES ON STARCHES OF HIGH AMYLOSE-CONTENT 
PART IV.* THE FRACTIONATION OF AMYLOWE STARCH: A STUDY OF THE BRANCHED 

COMPONENT 

C. T. G REENWOOD AND s. &‘fACKENZIE 

Department of Chemistry, The Uniaersity, Eliinburgh 9 (Great Britain) 

(Received April 26th, 1966) 

INTRODUCTION 

AmyIomaize, the maize starch having a high amylose-content, has aroused 
considerable interest in view of its industrial importance, but only a limited number 
of fundamental studies have been made of the properties of this type of starch and 
its component fractions. This field has been reviewed1 . 

It is apparent that one of the main features of amylomaize starch is the nature 
and structure of the branched component. This “amylopectin” apparently possesses 
a high average-length of unit-chain of about 36 D-glucose residues, and a high p- 
amylolysis limit of about 65% conversion into maltosel. It is not known whether, in 
fact, these properties are due to real characteristic+-*, or whether they are the result 
of an artifacts. 

We have now extended our earlier observations5 and have fractionated samples 
of amylomaize having an apparent amylose-content of 50% and 70% by (1) our 
normal procedure involving dispersion after pretreatment with liquid ammoniac, 
and (2) the extraction-sedimentation procedure of Montgomery et aL3. The properties 
of the resulting starch-fractions, particularly the branched one, have been studied. 

EXPERIMENTAL 

Samples of amylomaize .:_ 
Two commercial samples of amylomaize were provided through the courtesy 

of Dr. J. Goodwin of the Corn Industries Research Foundation. The samples were 
“Amylon 50” and “Amylon 70”, and were reputed to contain 50% qud 70% of 
amylose, respectively. Prior to fractionation, the starches were shaken in saline 
suspension with toluene to remove protein, and stirred for 3 h in boiling, 85% aqueous 
methanol to remove fatty contaminants. [Protein found (“/,,: Amylon 50, 0.38; 
Amylon 70, 0.44.1 The iodine afbnity of the starches was determined as described 
earlier’. 

*For Part III, Ref. I. 
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Fructionation of the starches 
(a) The samples were pretreated twice with liquid ammonia and dispersed into 

water by boiling for I h under nitrogen, and the “amylose” component was precipi- 
tated by addition of thymol. The complex was purified by recrystallization twice as the 
butan-l-01 complex. The starch fraction in the supematant liquors, after removal of 
the thymol complex, was obtained by freeze-dryings. 

(b) The starches were subjected to the extraction-sedimentation procedure of 
Montgomery et al. 3. This method is shown schematically below. 

Amylomaize 

Pretreated with HzO/BuOH/glycerol at gV_ 
Extracted with EtOH/NaOH(%f) 
Neutralized 
Centrifuged 

Supernatant AI Sediment Apr 

Refluxed BuOH 
Complex formation 
Centrifuged 

Alkaline extraction 
Refluxed AmOH 
Complex formation 
Centrifuged 

Sediment A2 Supenzatant Apt 

Refluxed BuOH 
Complex formation 
Centrifuged 

Sediment Aq Supernatant Ap4 

Dialysis 
Freeze-drying 

APE 

Sediment A3 Supernarant Ap3 

Freeze-drying 

-4~3 

Characterization of the fractionation products 
Methods described earlier6 were used to measure (a) iodine affinity, to obtain 

purity; (b) percentage conversion into maltose under (i) the action of crystalline 
&amylase, and (ii) the concurrent action of j%amylase and Z-enzyme; (c) limiting- 
viscosity number [q] in M potassium hydroxide at 29; (d> Average length of unit 
chain by periodate oxidation. 

Subfractionation of the branchedfraction 
(a) DxjTerential ultracentrifgation. This was carried out by spinning aqueous 

solutions (0.25%) for (i) I h at go,ooo g, and (ii) 2 h at go,ooo g twices. The sediments 
were dissolved in water and freeze-dried; material in the supematant liquors was 
also recovered by freeze-drying. 

Carbuhyhate Res., 3 (1966) 7-13 
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(b) Iodine-complex formation. Fraction Ap4 (75 ml; 0.2%) was subfraction- 
ated by the addition of iodine (5 ml; 0.2M in 2~ potassium iodide) at room temper- 
ature. The mixture was maintained at 4” for 48 h before the precipitated iodine- 
complex was removed by centrifugation. Iodine in the complex and supematant 
liquors was destroyed by the addition of thiosulphate, the solutions were then dialysed, 
and the polysaccharide was obtained by freeze-drying_ 

RESULTS AND DISCUSSION 

Properties of the whole starches 
Although the protein content of the amylomaize starches was low, and rhe 

samples had been exhaustively defatted, the potentiometric iodine-titration curves 
obtained by our usual procedure’ were found to be of an unusual shape. Fig. I shows 

lo6 MI 

Fig. I. Iodine-titration curves for the amylomaize starches (extrapolations to obtain the “iodine 
a&&y” are shown by dotted lines): (I) “Amylon 50”; (2) “Amylon 70”; (3) regular maize-starch. 

that the binding of iodine occurred more slowly, and terminated at a higher free-iodine 
concentration, than is generally found for regular maize starch. Again, when the 
linear portion of the adsorption curve is extrapolated to zero free-iodine concentration, 
the iodine aflkity obtained7 corresponded to only 38% and 45% of amylose in Amylon 
50 and Amylon 70, respectively. This problem will be discussed elsewheres. 

Properties of fractions from the conventional aqueous dispersion . 
Table I shows the properties of the thymol-fractionation products. The amyloses, 

even after two recrystallizations with butan-r-01, were impure, as they were incom- 
pletely hydrolysed into maltose by the concurrent action of P-amylase and Z-enzyme. 
The low values for the limiting-viscosity number- suggest further that the amyloses 
are of relatively short chain-length. (cf values of [q] given in Ref. 6). 

CarbohyrIinte Res., 3 (1966) 7-13 
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In agreement with earlier report@+, the non-precipitable “amylopectin 
fraction” was found to have an apparent average-length of unit-chain of 35 or 36 
D-glucose residues, and a /?-amylolysis limit of 65 or 66% conversion into maltose. 

TABLE I 

PROPERTIES OF THE FRACTIONS SEPARATED FROM AQUEOUS DISPERSIONS OF THE AMYLOMAIZE STARCHES 

Amyloses Amylopeciins 

&Limit0 Purity 0 b 171 Purity <%)c &Limit Chain-Iengrh Interna 
(i) (ii) (i) chain-length& 

AmyIon 50 75 94 88 100 93 65 35 IO 

Amylon 70 70 go 80 100 92 66 36 IO 

“Percentage conversion into maltose under the action of(i) pure p-amylase, and (ii) p-amylase and 
Z-enzyme. WMculated from @nit (ii). cCalculated from iodine-afiinity measurements. %alcuI- 
ated from ~chain-length-[(chain-length x8-limit) + 2.511, to the nearest whole-number. 

The calculated values for the internal chain-length of IO are only slightly higher than 
those found for potato amylopectin (8-g)6. 

However, it was observed that the apparent reducing-power of the samples 
(10-s equiv./g), measured directly with alkaline ferricyanide, was much higher than 
that for a normal potato-amylopectin (1.6 x IO-* equiv./g), which suggested that 
contaminating short-chain material was present. Further, the iodine-titration curves 
were also of an unusual shape and not like those for normal amylopectins (see Fig. 2)_ 

Subfractionation of the “amylopectin” was then attempted. 

4 

Free iodine (~10%) 
8 

Fig. 2. Iodine-titration curves for the non-precipitable “amylopectin fraction” from amylomaize 
starch (“Amylon 50’3: (I) initial polysaccharide-material; (2) fraction obtained after ultracentri- 
fugation. 

Properties of subfractions of the ” amylopectins ” 

By differential ultracentrifugation, the “amylopectins” were separated into 

sedimentable and non-sedimentable portions. The properties of these are shown in 

Tables II and III. 
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TABLE II 

PROPERTIES OF THE SEDlMENTABLJZ SUBFRACTION OF AMYLOPECTiN 

Sample Centrifugation Yield (%) B-Limit Chain-length Iodine stain .&z (mp) 
time (h) (9” 

Amylon 50 I 70 56 27 Red 560 
Amylon 70 I 75 57 28 RtXi 560 
Amylon 50 2 80 57 27 Red 560 
Amylon 70 2 80 57 28 Red 560 

=As in Table I. 

TABLE III 

PROPERTIES OF THB NON-SED MENTABLE SUBFRACTION OF AMYL.OPEClTN 

Sample Centrifugation Yield (%) @-Limit Iodine stain Anaz (m/4 
rime (h) (0° 

Amylon 50 I 
Amylon 70 I 

Amylon 50 2 
&nylon 70 2 

30 76 Blue 580 
25 81 Blue 580 
20 79 Blue 580 
20 88 Blue 585 

“As in TabIe I. 

The sedimented material was some 75% of the total and possessed p-amylolysis 

limits and average lengths of unit-chain comparable to those for a norm& amyZopectin9. 
Furthermore, the colour and wavelength of maximum adsorption of solutions pro- 

duced on staining of the sedimented materials with iodine, indicated the absence of 
any normal, long-chain, amylose-type material. The iodine-binding curve waszalso 

that for a pure amylopectin as shown in Fig. 2. 

The characteristics of the polysaccharide remaining in the supernatant solutions 
after ultracentrifugation are those of a short-chain amylose. In contrast to our 

earlier resultss, degradation with fi-amylase was incomplete, but this could arise from 

some natural differences in the starches of higher amylose-content used here. The 

value of Amsx for the iodine complex corresponded to a chain length of ca. 55 for a 

linear moleculelo. 

These results are in agreement with those of Greenwood and Thornsons. 
Furthermore, it is to be noted that unpublished experiments by G. K. Adkins, M.Sc., 
in these laboratories, have shown that an exactly comparable behaviour is found if the 
amylomake starch is pretreated with dimethyl sulphoxide and then precipitated with 
ethanol, prior to aqueous dispersionll. 

The extraction-sedimentation method 3.4 of fractionating amylomaize was then 
examined. 

Properties of fractions obtained by extraction-sedimentation 
The properties of the starch fractions obtained by the procedure of Montgomery 

et aZ.334 are shown in Table IV. 
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TABLE IV 

PROPERTIES OF FRACTIONS OBTAINED BY ,XlXAmON-SEDION OF TI-IB AMYLOK~== 

Fruciiona Iodine afinity (%) Amylose (%)b /3-Limit 17) Chain-length 

(i) (ii)e 

AI n.d.d n. d. 63 69 50 n.d. 
A2 12.0 63 s; 78 70 n.d. 
2 13.0 17.8 89 69 75 :4 IOO 75 n.d. n.d. 

Ap2 0.2 1.0 57 n.d. n.d. n.d. 
Ap3 o-3 I-5 60 n-d. n-d. 30 
APT 1.8 9-5 65 n-d. n-d. 35 

Wze fractionation scheme in Experimental. Walculated from the iodine afkity. %s in Table I. 
%.d. = not determined. 

The “amylose” fractions were impure as shown by the results of iodine titrations 
and enzymic assay. Amylose-product A3 was similar to that obtained in the thymol 
fractionation. Again, recrystallization by butan-r-01 did not successfully purify the 
amylose products. 

It is of interest to note that the p-amylolysis limits of the products remaining in 
solution after recrystallization with butan-r-01 (Le., Apt and Ap3) were more similar 
to the value of 58% found for normal maize-amylopectins than that for the largest 
amylopectin product (A& Fraction A# was similar in character to the product ob- 
tained using thymol as the amylose precipitant, and had an apparent chain-length 
of 35 units and a b-amylolysis limit of 65%. 

However, on subfractionation with iodine, the non-complexing portion (85% 
of the whole) was found to have a chain-length of 28 units and a ,&amylolysis limit of 
5g%, which were again comparable to those for a normal amylopectin. Also, the 
subfraction with iodine-complex forming properties appeared to have the properties 
of 5o-unit amylose (see Table V). 

CONCLUSIONS 

Notwithstanding the difficulties in separating amylomaize into its component 
fractions, various fractionation techniques appear to yield a branched fraction having 
an apparent chain-length of 36 D-glucose residues. The homogeneity of this product is, 

TABLE V 

PROPERTIES OF SUBFRAcilONS OBTAINED FROM Ap4= BY FFLMX-IONA~ON XVITH IODINE 

Subfraction Yield (“/o) Iodine a#bziry (%)” jlmlzo (v) &Limit Chain-length 

(i) (ii)” 

Non-complexing 85 0.4 560 5g n.d.b 28 
Iodine complex 15 n.d. 580 100 IOO n.d. 

CrAs in Table IV_ 0n.d. = not determined. 
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however, in doubt, and the evidence suggests that the branched component is COD 

taminated with short-chain, relatively linear, amylose-type material. It is to be noted 
that we have found a comparable result for the branched component of the high- 
amylose starch from the wrinkled-seeded pea12. 

The signilkance of these results with regard to biosynthetic theories will be 
discussed elsewhere. 
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SUMMARY 

Amylomaize starches of 50% and 70% apparent amylose-content have been 
investigated. The iodine-binding characteristics of these starches are abnormal. The 
starches have been fractionated by a conventional dispersion and an extraction- 
sedimentation procedure. Both methods yielded a branched product having an appar- 
ent chain-length of 36 D-glucose residues, and a 8-amylolysis limit of 65O/b conversion 
into ma!tose. Subfractionation of these anomalous amylopectins by both digerential 
ultraccntrifugation and iodine-complex formation gave fractions having properties 
comparable to those of normal amylopectin. It is considered, therefore, that 36-u& 
amylopectins in amylomaize starches are artifacts. 
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INTRODUCTION 

The avaiIabiIity of 2-amino-2-deoxy-D-gulose derivatives by interconversion 
from %amino-2-deoxy-D-glucose derivativesl, and the importance of the former struc- 
ture in natural products2, have led us to be&n a systematic study of t-amino-2-deoxy- 
D-gulose derivatives. Uranic acids are of valuea>* as intermediates for a variety of pre- 
parative purposes in the amino sugar field. It is possibIe that 2-amino-2-deoxy-D- 
guluronic acid may eventually be found in Nature, as have been n-amino-a-deoxy-D- 
galacturonic acids, 2-amino-2-deoxy-D-glucuronic acid6, and 2-amino-a-deoxy-D- 
mannuronic acid’. This first report is concerned with possible routes to derivatives of 
2-&o-2-deoxy-D-guluronic acid_ 

RESULTS AND DISCUSSION 

Initially, a route through the known 2-amino-2-deoxy-D-glucuronic acid* 
appeared convenient, provided that the 3-O-ace@ derivative (1) could be oxidized to 
the acid, to furnish an intermediate which could be subjected to configurational 
inversion&g at C-3 and C-4 and give the desired material in only four subsequent 
steps. However, catalytic oxidation of each of the anomeric 3-O-acetyl derivatives 
(la and lb)* proved to be accompanied by deacetylation, leading to 2a and 2b, 
respectively. Both products were identified and further characterized by their 
knowrWl1 methyl esters (3a and 3b). The 3,4_dimethanesulfonate of this ester, 4b, was 
prepared, with a view to conversion into 21 by treatment with base, by the well-known 
procedure for preparing an epoxy sugar 12 from a vicinal disulfonate. However, all 
efforts in that direction were unsuccessful. 

Substance lb was selected for the remaining work, because of the generally 
superior crystallizing and handling properties noted with the @-D-glycosides. Substance 
lb was converted into the 4,6-dimethanesulfonate (6), and thence into the 3,6-di-O- 
ace@-4-0-(methylsulfonyl) derivative (9). The relatively high yields in this direct 
route to 9 were not consistently reproducible. Moreover, although alkaline conversion 

*The anomeric benzyl glycosides are indicated throughout by “a” for the a-~ anomer and “b“ for 
the 8-D anomer. 
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of 9 into the 3,+epoxy intermediate (12) gave excellent crude yields, the intensive 
recrystallization necessary to remove the last traces of sulfur-bearing contaminants 
from 12-essential if poisoning of the catalyst was to be avoided in the following 
oxidation step- diminished the usable yield of epoxide to not greater than 65%. 

NHR 

5 

NHR NHR 

<O 11 

NHR 

iz \ 

16 

6 

CHZPh 

&HR 

13 

R = PhCH20CO- 

NOz 0 denotes a-o configuration 
b denotes /S-S configuration 

NO;! 

Accordingly, an alternative route through the 6-trityl ether (5) derived from lb 
was examined. Substance 5 could be readily converted into the +methanesulfonate (7) 
and then be detritylated with aqueous acetic acid to give 8. The structure of 8 was 
confirmed by methanesulfonation, to give the previously know&s 6, and by its 
conversion into 9. Attempts at catalytic oxidation of 8 resulted in immediate poisoning 
of the catalyst, with no subsequent oxidation. It may be noted that the selectivity of 
the deacetylation of 9 at C-6 (pH IO at oO) to give 8 is a little surprising in view of the 
extraordinarily facile deacetylation at C-3 @H 8 at 80~) observed during catalytic 
oxidation of la and lb. It appears that the solvolysis of the 3-O-acetyl group can be 
facilitated or prevented, simply by a suitable adjustment of the temperature. Not 
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only was the overall yield of 9 from lb by the indirect route via the trityl ether slightly 
superior (75% vs. 73%) to that by the direct route, but, more important, the direct 
alkaline conversion of 8 into 12 immediately gave an uncontaminated product, 
suitable for oxidation to 16. 

A further advantage of the indirect route appeared when it was found that 8 
could be specifically oxidized* to the 6-aldehyde (10) by methyl sulfoxide in the 
presence of N,N’-dicyclohexylcarbodiimide and phosphoric acidle. Substance 10 
was not isolated, but was characterized as its (a,,+dinitrophenyl)hydrazone (11). The 
aldehyde 10 and analogous derivatives offer promise as intermediates for future study. 

Alkaline conversion of 6 into 13, as used for the a-~ anomers of 13, provided a 
reference substance for further characterization of 12. Methanesulfonation of the 
latter gave 13. Treatment with hot, aqueous acetic acid converted 12 into the 2,3- 
carbamate** (18) having the 2-amino-2-deoxy-D-gulose configuration, and the same 
treatment of 13 gave the z,gcarbamate 14. The latter was characterized as the 4,6- 
dimethanesuIfonate (19) and also as the 4-O-acetyld-O-(methyIsulfony1) derivative 
(l§)). Substance 19 also served as an aid in confirming the structure of 18, which was 
also characterized as the diacetate (22). The 2-amino-2-deoxy-D-gulose structure of 18 
was finally verified by alkaline hydrolysis to give benzyl 2-amino-2-deoxy-B-D- 
guloside (23), which could be converted by acid hydrolysis into the known1 z-amino-t- 
deoxy+gulose hydrochloride. 

When 12 was subjected to catalytic oxidation, it readily provided benzyl 
~,4-anhydro-2-[(be~Ioxycarbonyl)amino]-~-deoxy-~-~-galactopyranosiduro~c acid 
(16) in a yield (60%) comparable to that obtained by catalytic oxidation of otherwise 
unprotected benzyi 2-[(be~loxycarbonyl)amino]-2-deoxy-D-gnosidess~lO~~~ 
and -galactopyranosides 17.18. It is evident from this fact that the 3,+epoxide bridge 
is quite stable to the conditions required for this oxidation, in marked contrast to the 
3-acetyl group, which is labile. Substance 16 was readily characterized as its methyl 
ester (20), which could be prepared in quantitative yield by treatment with diazo- 
methane. The derivative 16 could also be converted, by aqueous acetic acid, into a 
hygroscopic carbamate (17) having the D&O configuration. The carbamate (17) was 
also obtained, but in markedly Iower yield, by catalytic oxidation of 18. Substance 18 
showed a strong tendency to become adsorbed to the catalyst, hindering the oxidation. 
The hygroscopic carbamate 17 was characterized as its methyl ester (21) and 3-acetate 
(24). Attempts to cleave the carbamate 17 with alkali gave an uncrystallizable gum 
that was not characterized. 

The preferred route from lb to 17 is considered to be as follows: l&&-+7+8 
+12+16+18. However, the ester derivative (21) obviously affords a more felicitous 
material for handling and storage than does the acid 17. 

*Using conditions similar to those above, Horton et al. 14 have converted the primary alcohol function 
in r,2:3,4-di-0-isopropylidenexc-a-galactopyranose into an aldehyde function. 
**This cIass of compound has been referred to as oxazolidone in earlier publication+. 
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EXPERIMENTAL 

Ml melting points are uncorrected. Thin-layer chromatograms were made 
on silica gel, with benzene-methanol mixtures, usually in a rg:r ratio, as developer. 
In a few cases, slight deviations from these proportions were required in order to 
assure satisfactory migration of the spots. 

NHR 

16 17 18 \ 19 

I I \ 
HOeC”$=,, *Co* NHR 0 NH 0 

\ ,N” 

“OeC’+p” 

‘C’ i? 
0 

23 

20 
21 22 

24 

Benzyl 2-[(benzyZoxycarbonyl)amino]-2-deoxy-a-D-glucopyranosiduro~ic acid (2aj 

A suspension of 3.2 g of la13 in 7oo ml of distilled water was heated to 80’ 
with stirring at 4000 to 5000 rpm, and 1.2 g of pre-hydrogenated platinum dioxide was 
added. Oxygen was bubbled through the stirred mixture for 4 h, during which time the 
pH was maintained at 8 by continual addition of sodium hydrogen carbonate. After 

Carbohydrate Res., 3 (1966) 14-24 



18 G. D. SHRYOCR, H. K. ZIMMERMAN 

being cooled to IOO, the suspension was filtered, and the filtrate was concentrated to 
50 ml. This solution was cooled to 5”, filtered, and acidified to pH 3 by careful addition 
of concentrated hydrochloric acid. After storage for 2h at o”, the product was filtered 
off, washed at 0“ with water, and recrystallized from 60% methanol, to give 1.1 g 
(30%) of long, white needles having properties identical with those given in the 
literature8~10 for 2a. 

BenzyZ2-[(benzyZoxycarbonyI)amino]-2-deoxy-8_D acid (2b) 
Treatment of lb13 in a manner identical to that given above gave 2b (yield 30%) 

having properties identical with those previously describedll. 

Methyl (benzyl 2-[(benzyZoxycarbonyl)amino]-2-deoxy-3~-di-O-(methylsuZfony~-a-D- 
gZucopyranosid)uronate (4a) 

Substance 2a was converted into the methyl ester (3a) by treatment with diazo- 
methane, as described in the literature 10. To 0.5 g of 3a in pyridine at -5” was added 
0.5 ml of methanesulfonyl chloride. After storage at -5” for 2 days, the mixture was 
poured into ice-water to precipitate a gum, which was separated by decantation and 
recrystallized from 80% aqueous methanol, to afford 0.37 g (64%) of long, white 
needles, m-p. 141-2O, [bc]g+g3° (c 2.4, pyridine). 

Anal. Calc. for CZ?H~SNOI&: C, 49.06; H, 4.97; N, 2.39. Found: C, 49.43; 
H, 4.98; N, 2.41. 

MethyZ (benzyl 2-[(benzyZoxycarbonyZ)amino]-z-deoxy-3,~-d~-O-(methyZsu~ny~-~-D- 

gZucopyranosid)uronate (4b) 
Substance 2b was converted into the methyl ester (3b) with diazomethanell. 

The ester (0.7 g) was methanesuIfonated as described for 4a. The crystals which formed 
when the prcduct was poured into ice-water were filtered off and recrystallized 
from methanol, to provide 0.8 g (85%) of needles, m.p. 18o’, [oc3k7 -IO' (c x.2, 

pyridine). 
Anal. Calc. for C&HssNOu&: C, 49.06; H, 4.97; N, 2.39; 0, 32.67; S, ro.gr. 

Found: C, 49.29; H, 5.11; N, 2.42; 0,32_g8; S, 10.66. 

BenzyZ 3-O-acetyZ-2-[(benzyZo_~ycarbonyZ)amino]-2-deoxy-6-O-trityZ-~-D- glucopyran- 

oside (5) 

Substance lb (13 g), which had been dried for 24 h at go” and 3 mm over 
P205, was dissolved in 30 mI of absolute pyridine, treated with 8.2 g of chlorotriphenyl- 
methane, and shaken for 48 h at room temperature. The bulk of this solution of 5 
was used, without isoiation of 5, for the preparation of 7. A small aliquot was removed, 
poured into ice-water, and the precipitated syrup dissolved in hot methanol. Crystals 
of 5 were formed upon cooling, m-p. 130-P, [cx]~ -32O (c 1.8, pyridine). 

Anal. Calc. for c42&NoS: C, 73.34: H, 6.01; N, 2.04; 0, 18.61. Found: 
C, 73.05; H, 6.06; N, 2.33; 0, 18.61. 
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17 ml OF ice-cold 0.38~ sodium isopropoxide. With continued stirring, the partially 
frozen material dissolved completely. After stirring the mixture for 12 h in the cold, 
tetrahydrofuran (30 ml) was added, the mixture was fltered, and the filtrate was 
concentrated to a syrup at 12-15 mm. The residue was dissolved in tetrahydrofuran, 
the mixture was filtered through a thin layer of silica gel, and the product was preci- 
pitated from the filtrate with isopropyl ether containing a little heptane. It was 
recrystallized from methanol-isopropyl ether gBr$ve 

25 
1.8 g (78%) of white crystals, 

m.p. DID -IOK’ (c 1.4, pyridine), Y mBx 3350, 17oo, 1550 (urethan), 1260 
(epoxide), I 185 (sulfonate), 735, 700 (phenyl) cm -1. 

Anal. Calc. for CzzHz5NOsS: C, 57.01; H, 5.44; N, 3.02. Found: C, 57.19; 
H, 5.44; N, 3.02. 

(b) To 12 (0.22 g) in the minimal volume of pyridine at -5” was added methane- 
sulfonyl chloride (0.25 ml), and the mixture was kept for 2 days at -5”. When poured 
over crushed ice, it gave 0.23 g (89%) of product, which was recrystallized as in(a) 
and was identical in all respects (m.p., specific rotation, t.l.c., i.r. spectrum) with the 
preceding preparation. 

BenzyI _+amino-2-deoxy-P-D-gulopyranoside 2,*carbamate (18) 

To a solution of 12 (1.5 g) in 60 ml of glacial acetic acid at 105” was added 
60 ml of water during I h, after which time the solution was evaporated at 12-15 mm. 
The residue was re-evaporated with ethanol and then with toluene, to give a dry 
syrup which was dissolved in a small volume of methanol; the product crystallized 
on addition of isopropyl ether. Recrystallization from the same solvent afforded 
0.9 g (82%) of needles, m.p. I 15”, [LY]~ -IOI” (c 2.6, pyridine) YE”,’ 3500 (hydroxyl), 
3350, 1750 (carbamate), 740, 700 (phenyl) cm-l; amide-II band at 15oo-1550 cm-l 
absent because of ring formation. 

Anal. Calc. for CMHI~NOG: C, 56.94; H, 5.80; N, 4.75; 0, 32.51. Found: 
C, 56.63 ; H, 5.97; N 4.83 ; 0, 32.63. 

BenzyI .$,6-di-0-(methykulfonyl)-jl-D-gulopyranoside a,j-carbamate (19) 
(a) Compound P3 (I g) was treated as described above for 18, and after evapo- 

ration, the product was re-evaporated once with glacial acetic acid and twice with 
toluene, to give 14 as a syrup. The latter was dissolved in a small volume of pyridine, 
cooled to -5”, and cold methanesulfonyl chloride (I ml) was added. The mixture 
was kept for 2 days at -5”. and then poured over ice, to give 0.6 g (67%, based on 13) 
of crystals which were recrystallized from acetone-isopropyl ether, m-p. 202O, [cc]~ 
-69” (c 1.5. pyridine). 

Anal. Calc. for ClsH21NOr&: C, 42.57; H, 4.69; N, 3.10. Found: C, 42.78 ; 

H, 4.73; N, 3*13* 
(b) Treatment of 0.14 g of 18 with methanesulfonyl chloride, and recrystalh- 

zation as in method (a), gave 0.17 g (76%) of product identical (m.p., specillc rotation, 
t.l.c., i.r. spectrum) with that described above. 

Carbohy&ate Res.. 3 (1966) q-24 



2.2 G. D. SHKYOCK, H. K. ZIMMERMAN 

E’enzyl ~-O-acefyZ-6-O-(methyZ.su&.myZ)-/?-D-gaZopyranoside 2,3-carbamate (15) 
Substance 13 (7.5 g) was converted into 14 by the method described in the 

preparation of 19. To a cold solution of syrupy 14 in pyridine was added acetic anhy- 
dride (3 ml), and the solution was kept for 12 h at room temperature. When poured 
into ice-water, it afforded 6.6 g (98% based on 13) of product, which was recrystallized 
from methanol, m-p. ISO”, [a]% -55” (c 2.2, pyridine). 

Anal. Calc. for Cl7HsrNOaS: C, 49.15; H, 5.10; N, 3.37; 0, 34.66; S, 7.74. 
Found: C, 49.26; H, 5.39; N, 3.53; 0, 34.78; S, 7.63. 

BenzyZ 4,6-di-0-acetyl-/l-D-gulopyranoside Id-carbamate (22) 
Substance 18 (0.17 g) was acetylated in pyridine-acetic anhydride for 12 h at oO, 

and, after being poured onto ice, it gave 0.13 g (60%) of product, which was recrystal- 
lized from methanol, m.p. 168-9”, [a]g -71” (c 1.0, pyridine.) 

Anal. Calc. for ClsH2rNOs: C, 56.99; H, 5.58; N, 3.69; 0, 33.74. Found: 
C, 56.82; H, 5.70; N, 4.04; (X33.45. 

BenzyZ2-amino-2-deoxy-/l-D-gulopyranoside (23) 

To 12 ml of a 15% aqueous potassium hydroxide solution was added 18 (2.5 g), 
and the mixture was heated for 4 h at 55O_ After the mixture had been cooled, the 
precipitate was filtered off, thoroughly washed with ice-water, and crystallized from 
methanol by the addition of isopropyl ether, to afford 2.2 g (96%) of short, white 
needles, m-p. 1467”, [&Jg -75” (c 1.0, pyridine). 

Anal. Calc. for CraHrgNO5: C, 57.98; H, 7.11; N, 5.20; 0, 29.71. Found: 
C, 57.12; H, 7.11; N, 5.01; 0, 31.16. 

Benzyl 3,4-anhydro-2-[(benzyZo~carbonyi)amino]-2-deo_yy-~-D-gaZactopyranosjdz~ronic 
acid (15) 

Substance 12 (2.2 g) was oxidized by the procedure described for the preparation 
of 2a. After the product from the hydrochloric acid solution had been collected, it 
was dissolved in methanol, and the mixture was filtered through a thin layer of silica 
gel; the product crystallized from the filtrate on adding water. Recrystallization 
from 50% aqueous methanol gave 1.6 g (60%) of long, white needles, m-p. 131O, 
[alp -151~ (c 1.1, pyridine), ~2:; 3300, 1690, 1550 (urethan), I720 (carbonyl), 1250 
(epoxide), 730, 700 (phenyl) cm-I. 

Anal. Calc. for CziH2rNO7: C, 63.15; H, 5.30; N, 3.51; 0, 28.04. Found: 
C, 62.87; H, 5.27; N, 4.07; 0, 28.03. 

MerhyZ (benzyZ3,4-anh~~dro-z-[(benzyZoxycarbonyl)amino]-z-deoxy-~-D- 

gaZactopyranosid)uronate (20) 
To an ice-cold solution of 16 (0.5 g) in anhydrous methanol was added an 

ethereal solution of diazomethane until the yellow color persisted_ The mixture was 
kept overnight at o”, and then evaporated at 4o”/r2--15 mm. The residue was crystallized 
from hot methanol, to yield 0.6 g (quantitative) of long, white needles, m-p. 177-8”, 
[a]g -137O (c 1.3, pyridine). 
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Anal. Calc. for C22HzsNO7: C, 63.91; H, 5.61; N, 3.39; 0, 27.09. Found: 
C, 64.28; H, 5.69; N, 3.50; 0, 26.91. 

Benzyl 8-D-gulopyranosiduronic acid ag-carbamate (17) 
(a) Substance 18 (0.7 g) was oxidized in the manner described for the preparation 

of 2a. After acidification of the cold, concentrated solution, it was saturated with 
potassium chloride and extracted three times with tetrahydrofuran. The combined 
organic extracts were evaporated to dryness. The residue was dissolved in a small 
volume of hot tetrahydrofuran, isopropyl ether was added to incipient opalescence, 
and the solution was kept for several hours in the cold. The resulting crystals turned 
to a gum immediately after exposure to the air. The compound was, therefore, charac- 
terized as its methyl ester (21). 

(b) Substance 16 (1.5 g) was treated in hot, aqueous acetic acid as described for 
the preparation of 18. Crystallization of the product as in method (a) above gave 
crystals which turned to a gum, and the product was characterized as its methyl ester. 

Methyl (benzyl p-D-grrlopyranosid)uronate dg-carbamate (21) 

The gummy products from (a) and (b) of the preceding experiment were 
separately dissolved in absolute methanol and cooled to 0”. To each solution was added 
ethereal diazomethane, after which it was treated as described for the preparation of 
20. Addition of a large excess of isopropyl ether to the methanolic solution gave 
crystals which were recrystallized in the same way. From 18, there was obtained 0.1 g 
(13% for the two steps), and from 16, 1.0 g (78% for the two steps) of product, 
m-p. q6-y”, [a]$! - 129’ (c 1.1, pyridine), ~z”a: 3490 (hydroxyl), 3350,175o (carbamate), 
1750 (carbonyl), 740,700 (phenyl) cm -1; amide-11 band between 1550 and 1500 cm -1 
was absent. 

Anal. Calc. for CEH~~NO~: C, 55.90; H, 5.00; N, 4.35: 0, 34.75. Found: 
C, 55.79; H, 5.25; N, 4.15; 0,34.82. 

MethyZ (benzyZ +0-acetyl-B-D-gdopyranosid)uronate 2,3-carbamate (24) 

Acetylation of 0.5 g of 21 in pyridine-acetic anhydride for 24 h at o” gave a 
crystalline product when the mixture was poured into ice-water. Recrystallization 
from methanol-isopropyl ether aEorded 0.54 g (quantitative) of long needles, m-p. 
205-6~, [c@ -87” (c 1.3, pyridine). 

Anal. Calc. for &HlgNOs: C, 55.89; H, 5.24; N, 3.83; C, 35.03. Found: 
C, 55.96; H, 5.19; N, 3.96; 0, 35-14. 
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S-Y 

Inversion of configuration at C-3 and C-4 of 2-amino-2-deoxy-D-glucose, via 
an anchimerically assisted cleavage of a 3,+epoxide, has been explored as a route for 
the preparation of derivatives of a-amino-2-deoxy-D-guluronic acid. It is shown that 
catalytic oxidation of the benzyl3-O-acetyl-2-[(benzyloxycarbonyl)amino]-2-deoxy-D- 
glucopyranosides over platinum is accompanied by solvolysis of the 3-O-ace@ 
group in the product. On the other hand, oxidations could be achieved by the action 
of N,N’-dicyclohexylcarbodiimide-phosphoric acid-methyl sulfoxide, without affect- 
ing the substituents at C-3 and C-4, on benzyl 3-0-acetyl-a-[(benzyloxycarbonyl)- 
anino]-2-deoxy-4-O-(methylsulfonyl)-~-D-glucopyranoside (giving specifkally the 
6-aldehyde), and also on benzyl 3,4-anhydro-a-[(ben&oxycarbonyl)amino]-a-deoxy- 
/3-D-galactopyranoside over platinum (giving the uranic acid). The latter acid could 
be transformed readily by aqueous acetic acid into benzyl &D-gulopyranosiduronk 
acid 2,3-carbamate. 
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STUDIES ON THE PRODUCTS OBTAINED BY THE 
PERIODATE OXIDATION OF OSAZONES 

H. EL &UDEhi AND hf. M. A. &DEL hHh¶AN 

Faculty of Science, Alexandria Uniuersity, AZexandria (V. A. R.) 

(Received April 29th 1966, in revised form, June rst, 1966) 

Sugar phenylosazones are known to yield, on oxidation with periodic acidl, 
mesoxalaldehyde I,z-bis(phenylhydrazone) (1). Under drastic conditions, the oxida- 
tion proceeds further, to give r-phenyl+phenylazo-2-pyrazolin-s-ones (5), which is 
also obtained by the action of hydroxylamine hydrochloride3 on the osazone. We 
have studied the properties of these two compounds, and have prepared a number 
of their substituted derivatives. 

It was interesting to study the type of chelation in 1, since the imino proton of the 
phenylhydrazone residue on C-2 could form a chelated ring, either with the aldimine 
nitrogen atom on C-I, or with the oxygen atom of the carbonyl group on C-3. 

We have compared the chemical shift of this chelated. imino proton with that 
of the chelated, imino proton of the C-2 phenylhydrazone in mesoxalaldehyde 
tris@henylhydrazone) (2), which cannot form an oxygen chelate. 

HN-Ph 

ti 

H’iH 3 

HC/~N-J+-Ph 

u 
0 

HN-Ph 

H$> 

I-d~N~ 
N-Ph 

LI 

NxNIi-Ph 

1 2 

The n.m.r. spectrum of 1 (see Fig. I) showed two imino protons, which could 
be deuterated, at 6 10.83 and 13.15 p-p-m.: the latter was assigned to the chelated 
proton. 

In the case of 2 (see Fig. 2), three deuteratable imino protons were 
detected, two unchelated imino protons at 6 10.22 and 10.83 p.p.m., and a chelated, 
imino proton at 12.51 p.p.m. The similarity in the chemical shift of the chelated 
imino protons in both cases strongly suggests that chelation in 1 is of the same type 
as in 2, that is to say, with the imino nitrogen atom of C-I. This conclusion is further 
supported by our previous experience that hydrogen-oxygen chelates, such as that of 
Percival’s dianhydro-osazone4, appeared at much lower value. 
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Mesoxalaldehyde r,z-bis@henylhydrazone) (l), is known to react with acetic 
anhydride to give r-phenyl-4-phenyl~op~~ol~ (4). We have effected this conversion 
with a number of acidic reagents, such as ethanol containing a few drops of concen- 

HC N-Ph 
I 

Fig. I. The n.m.r. spectrum of mesoxalaldehyde r,z-bis(phenylhydrazone) (1) in methyl sulfoxide, 
before deuteration (uppercurve) and after deuteration (lower curve). 

Fig. 2. The n.m.r. spectrum of mesoxalaldehyde tris(phenylhydrazone)(2) in methyl sulfoxide, before 
deuteration (upper curve) and after deuteration (lower curve). 

trated hydrochloric acid, glacial acetic acid, malonic acid, or salts of carbonyl-group 
reagents, such as hydroxylamine hydrochloride, semicarbazide hydrochloride, and 
phenylhydrazine hydrochloride. It seems that this acid-catalyzed dehydration occurs 
through a cyclic intermediate (3) after the chelated ring has been broken. 

Ph 
t 

I-lC=N-NH-Ph 
I -l-l20 HCHNAN 

‘I- C=N-NH-Ph - 

I 
- P,,-_N=N-Ed!,, 

HC=O 

The same product (4) was obtained from mesoxalaldehyde tris(phenylhydrazone) (2) 
by the action of the above acidic reagents. In this ease, we believe that the phenyl- 

hydrazone residue on C-3, not being stabilized by chelation, is first split hydrolytically, 
giving 1, which then undergoes cyclization as above. 

We have also prepared a number of mesoxalaidehyde I+bis(arylhydrazones) 
having different groups on the benzene ring, and have converted them with ethanolic 
hydrochloric acid into the corresponding azopyrazoles. The reaction was successfully 
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applied to mesoxalaldehyde r,2-bis(arylhydrazones) having o-, m-, and p-Me; m- and 
p-Cl; and p-Br and 4-Br-2-Me groups on the benzene ring, indicating that this is a 
general reaction of mesoxalaldehyde r,2-bis(arylhydrazones). 

Mesoxalaldehyde 1,2_bis(phenylhydrazone) (1) could also be reduced (with 
sodium borohydride) to hydroxypyruvaldehyde bis(phenylhydrazone), affording a 
simple means of obtaining this compound, in high yield, from saccharide osazones. 

r-Phenyl-4-phenyIa-pyr~o~n-5_one (5) may be prepared by a method other 
than vigorous oxidation with periodic acid. This cyclization was l?rst observed by 
Dielss, who found that, when hexulose phenylosazones are refluxed in methanol 
containing hydroxylamine hydrochloride, they undergo fission between C-3 and C-4 
to yield 5. We have found that this reaction may also be effected with phenylhydrazine 
hydrochloride, phenylhydrazine sulfate, or semicarbazide hydrochloride, acting on 
hexulose osazones and on osazones from disaccharides having a hexose residue as 
the reducing moiety. 

Pentose and Gdeoxyhexose phenylosazones, however, did not give this reaction, 
suggesting that the primary hydroxyl group on C-6 in hexoses is, in some way, 
involved in this reaction, probably through formation of a 3,6-anhydro ring. This 
conclusion is supported by the observation of Diels that Diels’ monoanhydrophenyl- 
osazone, which is now recognized6 to be 3,6-anhydro-D-ribo-hexulose phenylosazone, 
readily gives this reaction. The infrared spectrum of the 2-pyrazolin+one showed a 
weak carbonyl band at 1660 cm-l, suggesting that it exists mainly in the enol form. 
We could not, however, verify this by n.m.r. spectroscopy because of the extremely 
low solubility of this compound in deuteriochloroform, and in methyl sulfoxide. Since 
this compound was not readily acetylated with acetic anhydride in pyridine or with 
boiling acetic anhydride, or benzoylated with benzoyl chloride in pyridine, we believe 
that it exists in the chelated form (6) We were, however, able to effect the benzoylation 
with benzoyl chloride and sodium hydroxide, which was used to break down the 
chelated ring by the formation of the sodium enolate (7). The benzoate (8) now showed 
the OBz band at 1770 cm-r. 

Ph 
Ph 
I 

N&OH 
NoO-C PYN BZCI 

II u- 
&O-C’N’N 

Ph-N’N-C-CH 
II II 

Ph-N=N-C-CH 

5 6 7 6 

EXPERIMENTAL 

The n.m.r. spectra were recorded on a Varian A-60 spectrometer in methyl 

sulfoxide, and tetramethylsilane was used as the internal standard. The imino protons 
were detected by deuteration. Infrared absorption spectra were recorded on a Unicam 
S.P. 200 spectrophotometer, and ultraviolet absorption spectra on a Zeiss PMQ 11 
spectrophotometer. Microanalyses were performed -by A. Bemhardt, Miilheim, 
Germany. 
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Mesoxalaldehyde r,2-bis(phenyIhydrazone) (1) 
A solution of D-arabino-hexulose phenylosazone (5.4 g) in warm 66% ethanol 

(2 1) was cooled to room temperature and treated with metaperiodic acid (IO g) in 
water (70 ml). The aldehyde, which separated at once as yellow-orange needles, was 
filtered off after 15 minutes, and crystallized from ethanol, m-p. IgS-2o0°, lit.1 m-p. 
1g8”, AI%? 250, 315, 420 rnp; log E 4.2, 4.4, 4.3; lEz? 270,365 rnp; log E 3.g,3.8; 
YE 1665 (C=O), 1605 cm-l (C=N). 

Anal. Cak. for GsH14N40: C, 67.7; H, 5.3. Found: C, 67.6; H, 5.3. 

I-Phenyl+phenyZazopyrazole (4) 
A solution of l(o.3 g) in ethanol (25 ml) was refluxed with 3 drops of concen- 

trated hydrochloric acid (or 3 drops of glacial acetic acid, 0.2 g of malonic acid, 
0.2 g of hydroxylamine hydrochloride, 0.2 g of semicarbazide hydrochloride, or 0.2 g 
of phenylhydrazine hydrochloride) for 20 min. On concentration, substance 4 separated 
and was crystallized from ethanol as yellow plates, m-p. and mixed m.p. 122-123O, 
lit.” m.p. 126”; nEz 230,335 mp; log E 4.2,4.4; Amin 280 w; log E 4.0; v;= 1605 
cm-1 (C=N). 

Anal. Calc. for ClsHIzN4: C, 72.5; H, 4.9.; N, 22.6. Found: C, 72.5, 72.4, 72.1; 
H, 5.0, 5.0,4.8; N, 22.7, 22.8, 22.9. 

Hy&oxypymvaldehyde r,z-bis(phenylhydrazone) 
Mesoxalaldehyde I,2-bis@henylhydrazone) 1, (0.2 g) in ethanol (20 ml) was 

treated with sodium borohydride (0.3 g) in water (IO ml). After 20 min, the reaction 
mixture was diluted with water, whereupon the title compound separated; it was 
filtered off and crystallized from benzene, yield 0.12 g, m.p. and mixed m.p. 131~; 
V= 3400 (OH), 1605 cm-l (C=N). 

Mesoxalaldehyde tris@henyihydrazone) (2) 
A suspension of l(o.5 g) in ethanol (IO ml) was warmed with phenylhydrazine 

(o-5 g) until it all dissolved. The solution was diluted with ethanol (20 ml) and refluxed 
for IO min. The product 2 separated on addition of hot water, and was crystallized 
from ethanol-water as yellow plates, m-p. 168”; lit.1 m.p. 167”; ;IE&E 240, 300,345, 

410 m,u; log E 4.2,4.4,4.5,4.5; ??%I 275, 315, 365 mP; log E 4.0,4.3,4.4; YE:: 1605 
cm-1 (C=N). 

Anal. Calc. for Cd&~bhj: C, 70.8; H, 5.6; N, 23.6. Found: C, 70.8; H, 5.7; 
N, 23.8. 

Mesoxalaldehyde I,z-bis (o-tolylhydrazone) 
A solution of D-arabino-hexulose o-tolylosazone (I g) in warm 66% ethanol 

(400 ml) was cooled to room temperature, and treated with metaperiodic acid (2 g) 
in water (IO ml). The aldehyde that separated was crystallized from ethanol as orange, 
prismatic needles, m.p. 202-204~; V= 1670 (C=O), 1600 cm -1 (C=N). 

Anal. Calc. for Cl~HlsN40: C, 69.4; H, 6.1; N, 1g.I. Found: C, 69.3; H, 6.3; 
N, 18-g. 
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I-o-ToZyi-+(o-toZyZazo)pyrazoZe 

A solution of mesoxalaldehyde 1,2-bis(o-tolylhydrazone) (0.2 g) in ethanol 
(20 ml) was treated with concentrated hydrochloric acid (3 drops) for 20 min. On 
concentration, the azopyrazole which separated was crystallized from ethanol as 

yellow, prismatic needles, m.p. g294O; YE 1600 cm-l (C=N). 
Anal. Calc. for C&l&: C, 73.9; H, 5.8; N, 20.3. Found: C, 73.7; H, 5-g; 

N, 20.5. 

Mesoxalaldehyde x,2-bis(m-tolylhydrazone) 

A solution of D-m&no-hexulose m-tolylosazone (I g) in 66% ethanol (400 ml) 
was oxidized with metaperiodic acid (2 g) as before. The aldehyde obtained 
crystallized from ethanol as orange, prismatic needles, m.p. 174-175”; vps 1670 
(C=O), 1600 cm -1 (C=N). 

Anal. Calc. for Cl7H1sN40: N, 19.1. Found: N, 19.1. 

r-m-ToZyZ-+(m-toZyZazo)pyrazoZe 

A solution of mesoxalaldehyde I ,a-bis(m-tolylhydrazone) (0.2 g) in ethanol 

(20 ml) was treated, as before, with concentrated hydrochloric acid (3 drops). The 
azopyrazole obtained was crystallized from ethanol as yellow, prismatic needles, 

m.p. 66-68”; Y”,:: 1605 cm-l (C=N). 

Anal. Calc. for Cl7HlsN4: C, 73.9; H, 5.8; N, 20.3. Found: C, 74.2; H, 5.9; 
N, 20.1. 

Mesoxalaldehyde I,sbis(p-tolylhydrazone) 
A solution of D-arabino-hexulose p-tolylosazone (I g) was oxidized as before, 

with metaperiodic acid (2 g), and the aldehyde which separated was crystallized from 
ethanol as orange, prismatic needles, m.p. 187-189”; a%g 1670 (C=O), 1610 cm-1 
(C=N). 

Anal. Calc. for CI~HI~N@: C, 69.4; H, 6.1; N, 19.1. Found: C, 69.7; H, 6.2; 
N, 19.2. 

I-p-TolyI-.+(p-toiylazyrazolpyrazole 

A solution of mesoxalaldehyde 1.2-bisCp-tolylhydrazone) (0.2 g) was treated 
with ethanol containing hydrochloric acid, as before, and the azopyrazole obtained 
on concentration of the alcoholic solution was crystallized from ethanol as yellow, 
prismatic needles, m-p. 178-180~; YE:: 1605 cm-l (C=N). 

Anal. Calc. for CI~HXN~: C, 73-g ; H, 5.8; N, 20.3. Found: C, 73.8 ; H, 6. I ; 
N, 20.2. 

Mesoxalaldehyde r,z-bis[(m-ChZorophenyQhydrazone] 

D-arabino-Hexulose (m-chlorophenyl)osazone (I g) in warm 66% ethanol 
(400 ml), was oxidized as before with metaperiodic acid (2 g). The aldehyde obtained 
was crystallized from ethanol as yellow-orange needles, m-p. 204-207~; v?G 1680 

(C=O), 1605 cm-1 (C=N). 
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Anal. Calc. for CI~HIKIZN~O: C, 53.7; H, 3.6; N, 16.7. Found: C, 54.1; H, 3.9; 
N, 16.8. 

r-(m-Chloropheny&&(m-chZorophenylazo)pyrazok 

Mesoxalaldehyde r,2-bis[(m-chlorophenyl)hydrazone] (0.2 g) in ethanol (20 ml) 
was treated with concentrated hydrochloric acid (3 drops) as before, for 20 min, and 
the azopyrazoIe obtained was crystallized from ethanol as yellow, prismatic needles, 
m-p. 159-161~; YE= r5go cm -1 (C=Nj. 

Anal. Calc. for CI&IIOCIZN.G C, 56.8; H, 3.2; N, 17.7. Found: C, 56.6; H, 3.3; 
N, 17.7. 

r-(p-ChIorophenyI)-.&(p-chlorophenyZazo)pyrazoZe 

A solution of D-arabino-hexulose (p-chiorophenyl)osazone (I g) in 66% ethanol 
was oxidized as before, and the aldehyde obtained was dissolved in ethanol (20 ml) and 
reff wed with 3 drops of concentrated hydrochloric acid for 20 min. r-@-Chlorophenyl)- 
4-(P-chlorophenylazo)pyrazole separated on concentration of the alcoholic solution, 
and was crystallized from ethanol as yellow, prismatic needles, m.p. 177-179”. 

And. Calc. for CrsHr0C12N4: C, 56.8; H, 3.2. Found: C, 57.0; H, 2.9. 

r-(p-Bromophenyl)-q-(p-bromophenyZazo)pyrazoZe 

D-arabino-Hexulose (p-bromophenyl)osazone (I g) was treated as above, and the 
azopyrazole obtained was crystallized from ethanol as orange-yellow plates, m.p. 
183-185”. 

Anal. Calc. for CrsHroBraN4: C, 44.3; H, 2.5; N, 13.8. Found: C, 44.2; H, 2.6; 

N, 13.9. 

r-(q-Bromo-z-methyipheny~-4-(4-bromo-2-methyZpheny~azo)pyrazoZe 
D-arabino-Hexulose (4-bromo-2-methylphenyljosazone (I g) was oxidized as 

above, and the aldehyde that separated was similarly treated with ethanolic hydro- 
chloric acid. On concentration of the alcoholic solution, the azopyrazole separated as 
orange-yellow needles, and was crystallized from ethanol, m.p. 14o--14.2~. 

Anal. Calc. for Cr7Hr4BrsN4: C, 47.0; H, 3.2; N, 12.9. Found: C, 46.8; H, 3.3; 
N, 12.7. 

r-khenyl-4-phenylazo-r-pyrazolin+one (5) 
A solution of D-arabino-hexulose phenylosazone (2 g) in ethanol (IOO ml) was 

eff uxed with 2 g of hydroxylamine hydrochloride(or 2 g of semicarbazide hydrochlor- 
ide, 2 g of phenylhydrazine hydrochloride, or 2 g of phenylhydrazine sulfate) for 7 h; 
the solution darkened after one h. The 2-pyrazolin-gone obtained after concentration 
of the solution was crystallized from ethanol as orange, prismatic needles, m-p. 
144-146”, lit.1 m.p. 150”; Y%Zr 250, 395 w; log 6 4.3,4.3; &0 300 qu; log E 3.2; 
v::: 1660 weak (C=O), 1605 cm-l (C=N). 

Anal.- Calc. for CrsHrsN40: C, 68.2; H, 4.6; N, 21.2. Found: C, 68.2; H, 4.6; 
N, 21.1. 
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I-Phenyl-q-phenylazo-2-pyrazoZin+one benzoate (8) 
I-Phenyl-4-phenylazo-2-pyrazolin-5-one 5, (0.5 g) in 15% sodium hydroxide 

solution (70 ml) was treated with benzoyl chIoride (12 ml) in portions during 4 h. 
The reaction mixture was kept overnight at room temperature and Gltered, and the 
crystals were washed repeatedly with water. The benzoate crystallized from ethanol 
as yellow, prismatic needles, m.p. rag”; YE 1770 (OBz), 1605 cm-l (C=N). 

Anal. Cak. for CZHIeN402: C, 71.7; H, 4-4; N, 15.2. Found: C, 71-7; H, 4-5; 
N, 15.3. 
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SUMMARY 

The n.m.r. spectra of mesoxalaldehyde r,2-bis@henylhydrazone) and tris(phenyl- 
hydrazone) suggest chelations as in structures 1 and 2. Acid reagents convert these 
two compounds into I-phenyl-4-phenyIazopyrazoIe (4). A number of substituted 4 
were prepared from the corresponding 1. The conversion of saccharide phenylosazones 
into I-phenyl-4-phenylazo-2-pyrazolin-5-one (5) probably proceeds through the 
formation of a 3,6-anhydro ring. 
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TRANSFER REACTIONS CATALYSED BY A FUNGAL /I-D-XYLOSIDASE: 
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(Received April zgth, 1966: in revised form, May %oth, 1966) 

As with several other glycosidases, transferase action by /?-D-xylosidase (B-D- 
xyloside xylohydrolase), partially purified from commercial Hemicellulasel, was an 
expected side-reaction of the hydrolysis of aromatic p-D-xylopyranosides. Aliphatic 
alcohols and several polyhydric alcohols were shown to be powerful activators of the 
hydrolysis reaction, as well as acceptors of the D-xylosyl radical. When glycerol was 
used as acceptor and p-nitrophenyl /?-D-xyloside as substrate, activation and transfer 
were estimated to be 55% and 81%, respectively. With methanol as acceptor, retention 
of the &D-configuration in the resulting methyl xyloside could be demonstrated”_ 

Of particular interest, was the appearance of several oligosaccharides and their 
phenyl glycoside derivatives in enzymic digests of phenyl /3-D-xylopyranoside solutions 
(5 x IO --2 to IO -2~). For the main transfer product formed, a bioside, the substrate 
probably acted, with equal facility, as both donor and acceptor. The structure of this 
transfer product has been established as phenyl +O-~-D-xylopyranosyl+D-xylopyran- 
oside (1). Several other transfer products were formed in minor proportions. Evidence 
is presented which indicates these products to be lower members of two homologous 
series consisting of phenyl b-D-glycosides of xylose oligosaccharides containing 
(1+3)- or (r+d)-linkages. 

These dismutation reactions or self transfers have been observed with several 
other glycosidases. Almond emulsin was found to catalyze a similar reaction with 
arbutin or salicin as substrates, and two digalactosyl derivatives of resorcinol have been 
tentatively identilied as transfer products from lactose to resorcinol, using E. coli 

p-galactosidase*. Other examples of such transglycosylation reactions can be found 
in studies dealing with a specific transfructosylase in plant@, as well as with maltases 
in rumen protozoas, or Aspergiks niger, which catalyze the transfer of D-glucose from 
maltose to resorcino17. 
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EXPERIMENTAL AND RESULTS 

General experimental conditions 

Paper and thin-layer chromatography (t.1.c.) were carried out on Whatman 
No. I paper and Kieselgel G (Merck), respectively, using the solvent systems: A, 
water-saturated butanol; B, propan-2-ol-water-butanol (5:2:3, v/v); C, benzene- 
ethanol (2/r, v/v). Reducing sugars were detected with the p-aminohippuric acid 
[N-(p-aminobenzoyl)glycine]s or triphenyltetrazolium salts (TX) reagents, and both 
reducing and non-reducing sugars with 5% sulphuric acid in ethanol (IO min at 100”). 
Solutions were concentrated at 4o-5o”/20 mm. U.V. spectra were obtained with a 
Beckman DK-2 spectrophotometer, and i.r. spectra with a Perkin-Elmer 21 instrument, 
using Kl3r pellets. A unit of 8-D-xylosidase has been defined1 as causing the hydrolysis 
of I ,umole of p-nitrophenyl /?-D-xyloside (at 2 x IO -3~) per min, at 40’ and pH 3.0 in 
Mcllvain’s buffer, in 5 ml of reaction mixture. 

Preparation and purification of the trmsfer product I 
Phenyl p-D-xylopyranoside (2 g) was dissolved in potassium hydrogen 

phthalate-hydrochloric acid buffer (pH 3, IOO ml) followed by addition of I unit of 
8-xylosidase, obtained by dissolving commercial “Hemicellulase” (Nutritional 
Biochemicals Corporation 6013, 60 mg). After 16 h at 40”, the reaction was stopped 
by heating for I min at 100’. The mixture, after extraction with ether, deionisation 
with Dowex-I (OH-form) and Dowex-5oW (Hf form), and concentration, was 
chromatographed on a Whatman Standard-cellulose column (3 x 60 cm), by develop- 
ment with solvent A. The eluate was continuously analysed with a Uvicord system 
(LKB) at 257 rnp (phenyl absorption), and each 4-ml fraction was analysed by t.1.c. in 
solvent A. Fractions containing component 1 (RF 0.45) were collected and rechromato- 
graphed (Fig. I). The procedure was repeated three times until the component was 
free from any contaminating substance. By concentration (to IO ml) of the fractions 
containing the pure product, crystallisation occurred to give a product (40 mg) 
having m.p. 144-145”, [or]$ -80” (c I, water). The U.V. spectrum was identical with 
that of phenyl @-D-xylopyranoside (A,,, 265.5 m,u, ~~~~ 0.82 x 106). 

Structure of the transfer product I 
(a) Total and partiaZ acid hydrolysis. After complete hydrolysis (3 h in 0.1~ 

hydrochloric acid at IOOO), total pentose and phenol concentrations were determined 
by the BiallO and Folin-Ciocalteurl procedures, respectively. The molar ratio xylose/ 
phenol was 2.08, indicating the disaccharide character of the transfer product. 
Partial hydrolysis (0.1~ hydrochloric acid for 3 min at 100~) resulted in the formation 
of xylobiose (4-O-B-D-xylopyranosyl-D-xylose), identified (t.l.c., solvent B) by compa- 
rison with an authentic sample of the disaccharide. 

(b) Periodate oxidation. To the phenyl xylobioside (5.85 mg) in 0.2~ acetate 
buffer (pH 4,ro ml), O.IM aqueous sodium metaperiodate (12.5 ml) was added, and 
the mixture was diluted with water to 25 ml. Periodate uptake was determined by the 
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Fleury-Lange procedure 12. Formic acid liberation was followed by titration with 
0.1~ sodium hydroxide, using Methyl Red as indicator. 

The consumption of 3 mol. of periodate and the formation of I mol. of formic 
acid (Fig. 2) precluded the presence of a (r-3)-linkage. 

0IV.T I I 
IO- 257 rnj~ RN Rd 

20. r a 0 0 

b 0 

30. c 8 

40. do # 

50. 
slart _ - - 

60- 

70. 

80. 
L 

90. _ 

100. 
50 100 ;=mcpn Time In h 

Fig. I. Celhlose-column chromatography of an enzymic digest of phenyl P-D-xylopyranoside. 
Shoulder, transfer product 2; second peak, transfer product 1: first peak, phenyl B-D-xylopyranoside. 
Inset, t_l.c. of the digest: (a) phenyl P-D-xylopyranoside, (b) transfer product 2, (c) transfer product 1 
(d) D-xylose. 

Fig. z. Periodate oxidation of phenyl P-D-xylobioside (I++). --o-, periodate uptake; -a-, formic 
acid production. 

(c) MetIzyZ~tion. Complete methylation of the phenyl xylobioside (IO mg) by 
the method of Kuhnls, subsequent hydrolysis (12% sulphuric acid for 4 h at roo”), 

and analysis of the reaction products on t.1.c. (solvent C), indicated the formation of 
a z,3,4-tri-0-methyIxylose and a z,pdi-O-methylxylose. The possibility of the presence 
of a 3,4-di-0-methylxylose was excluded, as the reaction with the TTC reagent was 
negative14. 

The results of both periodate oxidation and methylation studies produced 
evidence in favour of a (I+-4)-position of the disaccharide linkage. 

(d) I.r. spectroscopy. Comparison of the spectra of phenyl a- and P-D-xyio- 

pyranoside with the spectrum of the transfer product revealed no bands characteristic 
of the c+D-cotigurationls (cjI the retention of cotiguration in the transfer reaction 
with methanol as acceptor). 

(e) Enzymic brenkrlown. The enzymic hydrolysis of a 5x IO -3M solution of the 
phenyl xylobioside (PXX) by a purified /I-xylosidase sample1 was followed at room 
temperature in a DKz Beckman continuously recording spectrophotometer at 280 m,SJ 

(phenol formation) (Fig. 3). The most likely explanation for the observed non-linearity 
is that the phenol (P) is not liberated directly from the substrate, but from the inter- 
mediately formed phenyl xyloside (PX), as depicted in the following two-step reaction 
scheme: 

pXX-tpx+x (I) 
PX -+P +x (2) 
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This situation is similar to that encountered in the enzymic hydrolysis of phenol- 
phthalein diphosphate to phenolphthalein and orthophosphate by. a phosphatasel’- 
The rate of phenol formation will increase with time, since the enzymic attack titiahY 
involves the “holoside” bond (Fig. 3). Examination of the hydrolysis products on 

0.D 
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02 

cc! 

Ql 

3 

Fig. 3. Enzymic hydrolysis of phenyl @wzylobioside (1+4). 

Fig. 4. DEAE Sephadex A-50 chromatography of /?-xylosidase. --o-, activity against p-nitrophenyl 
p-D-xylopyranoside; -a-, activity against phenyl fl-xylobioside. 

t.1.c. (solvent B) confirmed this reaction sequence, since the intermediate phenyl 
xyloside could easily be detected. On the other hand, no xylobiose formation could be 
observed, and the enzyme was therefore devoid of any xylobiosidase activity. The 
apparent xylobiase (reaction I) and xylosidase (reaction 2) activities were tentatively 
assigned to the same enzyme. Further purilication of the b-xylosidase on DEAE- 
Sephadex A-50 ion-exchanger did not produce any separation of the two activities. 
The column was equilibrated with KH2P04/Na:FIP04 buffer (PH 7.1, p = o-05), 
and the concave sodium chloride-gradient (o+o.~M) was obtained by using the 
Varigrad system (Fig. 4). The #Lxylosidase activity was tested against p-nitrophenyl 
p-n-xylopyranoside. 

Xylobiase activity was estimated by following the D-xylose liberation from the 
bioside, using the Somogyi-Nelson18 calorimetric procedure. 

Nature of the other transfer products 
On paper chromatograms and t.1.c. (solvent B), the presence of xylobiose and 

xylotriose in the enzymic digests could be demonstrated by comparison with authentic 
samples of the two oligosaccharides. 

Component 2, having Rp 0.54 on t.1.c. (solvent A) (Fig. I), was obtained in pure 
form (5 mg) and methylated by the Kuhn method. After acid hydrolysis (12% sul- 
phuric acid for 4 h at IOOO), only the formation of a 2,3,4-tri-O-methylxylose and a 
z,4-di-O-methylxylose was observed on t.1.c. (solvent C), indicating the presence 
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of-a (143)~linkage in-the transfer product. Examination of the RF values [on t.1.c. 
and paper chromatography (solvent A)] of other phenyl derivatives, found in further 
fractions from the cellulose column, revealed a linear relationship between Ra.&og 
(I/&-- I)] and the hypothetical degree of polymerisation of the oligosaccharides.Two 
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-Q200- 

-0.300- 

i 6 4 i 
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Fig. 5. RM-plot against hypothetical number of D-xyIose units in pheny1 p-D-glycosides of D-xylose 
oligosaccharides. 

series, each fitting a line, were obtained, indicating the presence of two homologous 
series of oligosaccharides containing respectively (r-+4)- and (r+3)-linkages (Fig. 5). 
Products having R~z values not litting these plots presumably possess mixed (1+3)- 
and (r+4)-linkages. 
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SUMMARY 

Because of the transferase activity of partially putied /?-D-xyloside xylo- 
hydrolase, enzymic breakdown of phenyl P-D-xylopyranoside results in the formation 
of by-products of particular interest. The lower members of two homologous series 
of phenyl /?-D-glycosides of D-xylose oligosaccharides, respectively containing (r-+3)- 
and (r-+4)-linkages, were tentatively identified by t.1.c. and paper chromatography. 
Two phenyl /3-D-xylobiosides were isolated, and the main transfer product was charac- 
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terised as phenyl 4-O-/?-D-xy~opyranosyl-#?-D-XyIopyranoside by total and partial acid 

and enzymic hydrolysis, periodate oxidation, and i.r. spectroscopy. Chemical evidence 

for the (r-q)-linkage in the second ,phenyl /3-D-xylobioside is also given. 
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Phosphoric acid derivatives containing phosphorus attached to a nitrogen 
mustard group were first described by Friedman and Seligman’ who assumed that 
the nitrogen-phosphorus bond would be split preferentially by tumour cells, owing to 
their relatively higher phosphoramidase content*, and that the nitrogen mustard 

thus formed in situ might exert its cytostatic effect. These authors prepared a highly 

reactive phosphamide, b&(2-chloroethyl)phosphoramidic dichloride (l), which was 
used to synthesize a number of esters and amides. 

7-Y 
(cI-C&. C+!z.)2N-POC12 (Cl - Ce - CH& N-P\=0 ,C” 

0-CH2 
1 
I 

2 

On further examination, the dichloride (1) appeared to react with certain dials, 

ammo aicohols, or diamines, to furnish, principally, cyclic esters or amides. One of 
these cyclic compounds is the amido-ester, tetrahydro-a-pis(z-chloroethyl)amino]- 
r ,3,2-oxazaphosphorine a-oxide (2), prepared by Arnold et aL3 and used therapeutically, 

under the name Endoxan or Cytoxan, in the treatment of malignant diseases. 
Recently, experiments were also carried out to obtain cyclic phosphamides of 

polyhydroxy compounds. Serfontein and Jordaan4 treated 2,4- U-benzylidene-D- 
ribose dimethyl acetal with the dichloride (I), and subsequent debenzylidenation gave 
impure D-ribose dimethyl acetal cyclic 3,5-pis(a-chloroethyl)phosphoramidate] (3) 

HC(OM& 

I 
HCOH 

4 Y=O 

5 Y=NH 7 Y=O 

0 Y-NH 

* Part VIII: Ann., 684 (1965) 231. 
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In our own experiments, we wished to investigate, in detail, the reaction of 
polyhydroxy compounds, such as sugars and sugar alcohols, with dichloride 1 and 
also the ring size of the resulting esters. We were also interested in the biological 
effects of such compounds since, according to our previous experience”, polyhydroxy 
compounds seemed to be suitable carriers for cytotoxic groups. 

The first experiments were carried out with I,a-O-isopropylidene-a-n-gluco- 
furanose. This substance could give cyclic esters having the phosphorus atom attached 
to the 5,6-, 3,5-, and 3,6-oxygen atoms, respectively. Moreover, the formation of 
stereoisomers would be expected (as for the analogous benzylidene derivatives), 
owing to the asymmetry of the phosphorus atom. Acylation with dichloride 1 in 
pyridine gave a crystalline substance (isolated in 20% yield) in which the phosphoric 
acid group must span the 5,6-positions (4), since the 0-methanesulphonyl derivative 
(6) was identical with the product obtained from the reaction of r,z-O-isopropyIidene- 
3-0-methanesulphonyl-or-D-glucofuranose6 with dichloride 1. Compound 4 was formed 
in the reaction of I,z-0-isopropylidene-a-D-glucofuranose with the dichloride (1) 
under various conditions and with various ratios of the components, thus showing that, 
under favourable sterical conditions, the dichloride reacts with polyhydroxy compounds 
principahy to give cyclic derivatives. The P-N bond of the D-glucose derivative (4) is 
readily split in acidic media (cf. the results of Stock et al.‘). Thus, selective hydrolysis 
of the isopropylidene group could not be achieved. 

6-Amino-~deoxy-~,2-O-isopropylidene-a-D-glucofuranose (hitherto knowns, 
but not in the crystalline state) was expected to give a +_(amido-ester) (5) on treat- 
ment with the dichloride (1). However the product failed to crystaIIise and, presumably, 
was a mixture of isomers. 

From 3,4-O-isopropylidene-D-mannitol and 2 mol. of dichloride 1, a cyclic 
diphosphoricacidester (3, probably having a structure analogous to that of 1,2:3,4:5,6- 

tri-O-isopropylidene-D-mannitol, was formed. Two crystalline substances were 
isolated from the reaction product, and these compounds are, presumably, slereo- 
isomers arising from the asymmetry of the cyclic phosphorus atom; this inference is 
supported by their nearly identica1 i.r. spectra. With 2 mol. of dichloride 1, 1,6- 
diamino-r,6-cIideoxy-3,4-O-isopropylidene-D-mannitolg gave a 1,2:5,6-di(amido-ester) 
(S), from which isomeric products could not be separated. 

Since the isopropylidene group could not be selectively removed from the 
cyclic derivatives mentioned above, because of the sensitivity of the P-N bond, the 
reaction of several non-substituted polyols with 2 and 3 mol. of dichloride 1 was 
examined. Tn both cases, D-mannitol yielded only amorphous powders, the elemental 
analyses of which were fairly close to the calculated values. From the corresponding 
reactions of D-glucitol, two, unidentified, crystalline substances were isolated in 
poor yield. 

The reaction of erythritol with the dichloride (1) was then examined in order to 
decrease the number of possible isomers. In this case, with 2 mol. of dichloride 1, 
the formation of two structural isomers could be expected, viz., 1,2:3,4- (9) and 
r,3:a,+derivatives (10); the first structure seems to be more likely by analogy (u) with 
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the corresponding reaction of r,2-O-isopropyhdene-cc-D-glucose and (b> with the 
O-isopropylidene derivatives of erythritol. The formation of a r,4:2,3_derivative is 
improbable because of sterical reasons. In both cases, four stereoisomers are possible, 
viz., an enantiomorphic pair and two 7neso forms. Experimentally, three, sharp-melting, 
crystalline substances (A, B, and C) were obtained. Substance A, however, gave two spots 
on silica gel, and, consequently, at least four isomers must have been formed. Since 
there can only be three stereoisomers for each structural isomer, viz., a racemate and 
two meso modifications, the formation of both structures 9 and 10 is highly feasible 

~co~PO NR 
I/ - 2 

CH2Y 

HCO 

I 
HCO, 

x CH2Y 

b 
FO.NR2 

H2CO 

9 IO 
11 Y= MeSOa- 0 13 Y= MeSOz-0 

12 Y=Er 14 Y=Br 

R=CH2- CH2- Cl 

The possible formation, in these experiments, of stereoisomers as a function 
of the presence of a cyclic phosphate group was proved with r,+substituted erythritol 
derivatives. Dichloride (1) can react with such substances only at the 2&position. 
r,4-Di-O-methanesulphonyl-‘” and r,4-dibromo-r,4-dideoxy-erythritol’l each gave, 
with the dichloride (l), two substances in approximately equal amounts. These 
substances can only be the optically inactive cis- and trans-isomers (11-14); the phos- 
phorus atom is not asymmetric because of the symmetry of the erythritol moiety. The 
i.r. spectra of the members of each pair of isomers are very similar. 

Thus polyhydroxy compounds usually give stereoisomers on treatment with 
the dichloride (l), and it is therefore rather surprising that no formation of diastereo- 
isomers could be observed in the case of serine which tiords’2 five-membered, 
cyclic amido-ester, similar to the cyclic esters described above. 

The compounds described here are poorly soluble, or insoluble, in water, and 
their biologica examination could be carried out only through oral administration. 
On Yoshida sateoma, they displayed a weak effect; their therapeutic quotient was 
much less (5-20x) than that of Endoxan and therefore they were not studied in detail. 
It is noteworthy that a substantial difference was observed between the toxicity 
(LD,,) and therapeutic effect of the cis,trans-r&i-O-methanesulphonyl and 1,4- 

dibromo-r,@ideoxy derivatives of erythritol. 

EXP-AL 

Melting points are uncorrected. Thin-layer chromatography (t.1.c.) was carried 
out on silica gel. Detection reagents used were potassium permanganate 01 p-nitro- 
benzylpyridiner3. 
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I,2-0-Isopropyldene-u-~-glucofuranoJe cyclic 5,6-[his@chloroethyl)phosphorami- 
date] (4) 

To I,2-O-isopropylidene-t-glucofuranose (22 g, o. I mole), dissolved in 
pyridine (IOO ml), dichloride 1(26 g) was added, with stirring, so that the temperature 
of the reaction mixture did not exceed 30”. Stirring was continued for 5 h at room 
temperature, and the reaction mixture was then evaporated under diminished pressure 
at 30”. The residue was treated with ice-water and extracted with chloroform, and the 
organic phase was washed with cold N sulphuric acid, water, aqueous sodium hydrogen 
carbonate, and water. After being dried (Na,SO_J and treated with charcoal, the 
solution was evaporated to dryness under diminished pressure to sive a yellow, 
pulverisable, amorphous material (33 g, 81%). The substance could be partially 
crystallized from ethyl acetate by gradual addition of light petroleum. After recrystal- 
lization from ethyl acetate, compound 4 (8.1 g, 20%) was obtained, m.p. 167-168”, 
[a]‘, -15.0~ (c I, chloroform) (Found: C, 39.0; H, 5.7; Cl, 17.7; N, 3.4; P, 7.3. 
C13H22C12N07P talc.: C, 38.4; H, 5.5; Cl, 17.5; N, 3.45; P, 7.6%). 

From the ethyl acetate mother liquor, an amorphous powder, [a];’ o” (c I, 
chloroform), was obtained which showed the same RF value as compound 4 in water- 
saturated butanol (Found: Ci, 17.2; N, 3.3; P, 6.9%). 

Hych-ofysis of phosphoramidate 4 
A solution of ester 4 (I g) in a mixture of 0.2N hydrochloric acid and dioxane 

(I: I, v/v; IO ml) was kept at 5o”, and the hydrolysis was followed by t.1.c. The charac- 
teristic blue spot of nitrogen mustard appeared after 30 min (development with p- 
nitrobenzylpyridine). After 5 h, half of the starting material could still be recovered, 
and the residue reduced Fehling’s solution. 

In another experiment, under the same conditions, hydrolysis for 8 h was 
required for compIete removal of the isopropylidene group. 

I,2-O-~sopropyIidene-3-O-nzethaneJulphonyl-~-D-~lucofuranose cyclic 5,6-[bis(z-chloro- 

ethyl)phosphoraamidate] (6). 
(a) A solution of 1,2-O-isopropylidene-3-O-methanesulphonyl-cc-~-glucofura- 

nose6 (obtained from IO g of r,2:5,6-di-O-isopropylidene-pO-methanesulphonyl-a-D- 
glucofuranose) in benzene was evaporated to dryness under diminished pressure. 
The dissolution and evaporation were repeated, and the residual gum was freed from 
solvent at 50”/0.22 mm. The syrup obtained showed a single spot on t.1.c. (ethyl 
acetate). To a solution in pyridine (30 ml) of this substance, dichloride 1 (7.7 g) was 
added with stirring and cooling. The reaction mixture was kept at room temperature 
overnight and then poured onto ice. The syrupy product was dissolved in chloroform 
and the solution was washed with N suiphuric acid, water, and aqueous sodium hydro- 
gen carbonate, dried, and evaporated. The residual syrup was crystallised from ethyl 
acetate-light petroIeum, and then from ethyl acetate-ether, to give compound 6 
(3.5 g), m-P- r45--147”. C&o (c I, (Found: C, H, 4-g; 

14.5; N, S, 6.5; 6-r. C,,H,4C1,N0,SP : C, H, 5.0; 14.6; 
N, S, 6.6; 6.1%). 
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(b) To a solution of compound 4 (2 g) in pyridine (IO ml), methanesulphonyl 
chloride (0.6 ml) was added at -10~ with stirring. After 3 h at room temperature, the 
reaction mixture was poured onto ice and processed as under (a) to give a product 
(2 g) identical (m.p., mixed m-p., and [a],,) with that described iu (a). 

This substance was prepared by a slight modification of the literature method’. 
A solution of 5,6-anhydro-I.2-O-isopropylidene-o-glucofuranose14 (20.2 g) 

in methanol (200 ml) saturated with ammonia at o” was kept in a sealed vessel at 20" 
for 12 h and then refluxed for 2 h. The residue obtained after evaporation to dryness 
under diminished pressure was dissolved in benzene, and the solution was evaporated. 
During this procedure, the substance crystallized as thin needles, m.p. 114-122”; 
Danilov and Lishausky* reported m.p. 60-65”. On being dried under diminished 
pressure over sodium hydroxide and paraffin, the product lost its crystalline structure. 
The physical constants of the hydrochloride are consistent with the literature data15. 
(Found: C, 48.9; H, 7-g; N, 6.0. C,H,,N05 talc.: C, 49.3; H, 7.8; N, 6.4%). 

6-Amino-6-deoxy-I,2-O-isopropy~idene-a-D-g~ucofuranose cyclic 5,6-[bis(&chloroethyl 
phosphoramidate] (5) 

To a suspension of 6-amino-6-deoxy-I.2-O-isopropylidene-a-D-glucofuranose 
(I I g) in dioxane (50 ml) friethylamine ( 14 ml) and dichloride 1(13 g) wete added with 
stirring so that the temperature did not rise over 30’. Stirring was continued for 5 h 
at 20~ and the reaction mixture was then poured onto ice and extracted with chloro- 
form. The organic phase was washed with water, dried (Na,SO,), and evaporated to 
a solid, yellow mass (18 g, 80%). A solution of this residue in ethyl acetate-light 
petroleum was treated with charcoal and evaporated under diminished pressure to 
give compound 5 as a colourless, amorphous solid, [a]:’ -5.9 (c I, chloroform). 
Found: C, 38.1; H, 5-g; Cl, 16-5; N, 6.8; P, 7.1. C,,H,,N,O,CI,P talc.: C, 38.5; 

H, 5-7; Cl, 17.5; N, 6.95; P, 7.65 %)- 

3,4-O-lsopropylidene-D-mamaitol cyclic I,2:5,6-di-[bis(zchlroethyl)phosphoramidate] 

(7) 
To a solution of 3,4-U-isopropylidene-D-mannitol (I I. I g) in pyridine (60 ml) 

dikhloride l(28.6 g) was added slowly with stirring and cooling below 20~. Next day 
the reaction mixture was poured onto ice and extracted with chloroform, and the 
organic phase was washed with cold N sulphuric acid, water, and aqueous sodium 
hydrogen carbonate, dried (Na,SO,), and evaporated under diminished pressure. 
The syrupy residue was crystallised from ethyl acetate (30 ml) and ether (20 ml) to give 
product A’ (g g). Further addition of ether to the mother liquor gave product B’ 
(8.5 g), and after evaporation of the remaining solution, crystallisation of the residue 
from ethyl acetate+zther gave product C’ (5 g). The total yield of crystalline material 
was 67 %. Recrystallization of A’ from a ten-fold amount of benzene gave pure isomer 
A’, m.p. ISg-Igo”, [a]:’ -2.5” (c I, chloroform). (Found: C, 33.9; H, 5.4; Cl, 23.2; 
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with water. Crystallization from ethyl acetate (50 ml) gave isomer ~4, m.p. 135-137” 

(after repeated recrystallization from ethyl acetate or methanol) (Found: C, 26.0; 
H, 4.6; Cl, 15.2; N, 2-g; P, 6.5; S, 13.9. C,,H,,Cl,NO,PS, talc.: C, 25-g; H, 4.3; 
Cl, 15.3; N, 3.0; P, 6.7; S, 13.8 %). The mother liquor was concentrated to half-volume, 
and addition of an equal volume of ether caused the separation of a mixture of A and 
B. Evaporation of the mother liquor gave almost pure isomer B which was purifled 
by dissolution in a ten-fold amount of hot methanol. After removal of separated 
A, B-mixture, the cooled solution was evaporated to ha&volume, and isomer B then 
crystallised;m.p. 102-104~(Foun&C,25.g;H,4.5;Cl, 15.2;N,3.o;P,6.6;S, 13.65%). 
The A, B-mixture could be separated by fractional crystallization, first from ethyl 
acetate and then from methanol. The ratio of A:B was ca. 3:2_ The RF values (ethyl 
acetate) were A, 0.70; B, 0.33. The i.r. spectra showed the following bands. Isomer A 
(m-p. 135-137”): 3035, 3020, doubIet, m; 2970 m; 2940 m; 1365, 1370 shoulder, s; 
1270 s; 1185 s; 1080 s; IOOO s; g7o s; 935 s; 820 s; 655 w; 530. 520 cm-‘, doublet, s. 
Isomer B (m-p. 102-104~): 3020, 3030 shoulder, m; 2940 m; 1355, broad, s; 1260 s; 
1180 s; 1080 s: 1005 s; g7o s; g2o s; 830, 820 shoulder, s; 660 w; 535, 520 cm-l, 
doubIet, broad, s. 

I,q-Dibromo-r,&dideoxyerythritol cyclic 2,3-[bi&-chZoroethyl)phosphoramidate] 

(1% 14) 
To r,4-dibromo-1,4dldeoxyerythritol” (IO g) in pyridine (40 ml) dichloride 

1(12 g, I mole) was added with stirring and cooling in ice. Stirring was continued for 
I h. Next day, the reaction mixtme was poured onto ice, and the solidified mass 
(16.2 g, 93%) was Gltered off and washed with water. The crude material was crystal- 
lized from a two-fold amount of benzene to give a fraction (6.5 g) rich in isomer A. 
Recrystallisation from aqueous methanol gave the pure substance, m.p. 123-124’. 

(Found: C, 22.4; H, 3.5; Br, 37.1; Cl, 16.6; N, 3.15; P, 6.9. CsH,4Br2Cl,NOsP talc.: 
C, 22. I ; H, 3.25; Br, 36.8 ; Cl, 16.3 ; N, 3.2 ; P, 7. I %). The residue from the benzene 
mother liquor was dissolved in ethyl acetate or methanol, and the solvent was allowed 
to evaporate slowly at room temperature. Isomer B crystallized as large, flat crystals 
which could be readily separated from isomer A which crystallized as fine needles. 
Isomer B, purified by crystallisation from ethyl acetate-light petroleum, had m.p. 
g7-gS” (Found: C, 22.3; H, 3.4; Br, 36.6; Cl, 16.6; N, 3.2; P, 6.9%). Chromatography, 
separately, in ethyl acetate, butanol saturated with water, and propan-2-ol-ethyl 
acetate-water revealed the two isomers to have identical RF values (0.91, o-79, o-77). 

The i.r. spectra showed the following bands. Isomer A (m.p. 123-124’) : 3030, 3020, 
doublet, m; 2980, 2965, doublet, m; 1260 s; 1035 s; gg5 s; 665 w; 630 m cm-l. 
Isomer B (m.p. 97-98”): 3025 w; 2965 m; 1280, 1270 shoulder s; 1040 s; ggo s; 665 w; 
625 w cm-‘. 

SUMMARY 

With polyhydroxy compounds, such as sugars and sugar alcohols, bis(2- 
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chloroethyl)phosphoramidic dichloride (1) gave mixtures of cyclic derivatives in 
stereoisomeric forms analogous to henzylidene derivatives. : In several cases, homo- 
geneous products were isolated and their structures elucidated. The following com- 
pounds were obtained: 1,2-0-isopropylidene-c-gh~cofuranose cyclic 5,6-[bis(z- 

chloroethyl)phosphoramidateJ (4), cis- and rrans-I,+di-O-methanesulphonyleryth- 

ritol cyclic 2,3-[bis(z-chloroethyl)phosphoramidate] (11, 13), cis and trans-1,4- 

dibromo-I,4-dideoxyerythritolcyclic z&bis(z-chIoroethyl)phosphoramidate (12, 14). 

With amino-polyhydroxy compounds, amorphous products, presumably cyclic amido- 
esters, were formed, from which no homogeneous compounds couId be isoIated. The 
substances examined showed a weak cytostatic effect on Yoshida sarcoma. 
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MONOSACCHARIDE MIT STICKSTOFFHALTIGEM RING 
TEJJL XL KONFORMATION VON N-ACYL-D-x+PIPERtDINOSEN UND DEREN STRUKTUFt AM 

ANOMEREN C-ATOM. DARSDZLLUNG U-ND EIGENSCHAJFXEN VON D-Xyh-PIPERIDINOSIDEW’ 

H. PAULSEN IJND F. LEUPOLD 

Institut fur Organische Chemie der UnioersitGt Hamburg (Deurschland) 
(Eingegangen den 6. Mai, 1966) 

Einfiihrung 

IV-Ace@-o-xylo-piperidinose (5-Acetamido+desoxy-D-xylopyranose, 1)2 ent- 
halt eine cyclische Amidgruppierung, die infolge der Amidmesomerie eine gehinderte 
Rotation aufweist. Bei Zimmertemperatur liegen in LSsung zwei Isomere, eine cis- 
und eine trans-Form, nebeneinander vor. Von beiden Formen lassen sich im NMR- 
Spektrum die Signale der anomeren Protonen gut beobachtens. Beide Signale zeigen 
eine kleine Dublett-Aufspaltung (Jr.2 3.5 Hz), was auf eine Equatorial-axial-Kopplung 
mit dem Proton am C-2 hinweist. Die Zuordnung einer a-D-Form setzt aber voraus, 
da13 die Piperidinose in einer CI-Sesselkonformation vorliegt, bei der in der D-xyfo- 
Kotiguration H-2, H-3, und H-4 axial angeordnet sind. Gegen eine a-D-Form spricht 
die negative Drehung ([cz]g- 19.5”) der N-Acetyl-D-xylo-piperidinose (l), die in 
Lijsung nur in einer der anomeren For-men vorliegt, da keine Mutarotation beobachtet 
wird. Wm die Frage der Konformation von Monosaccnariden mit stickstoffhaltigem 
Ring grundsBtzlich zu k&en, wurde eine vollstgndige Konformationsanalyse mit 
Hilfe der NMR-Spektroskopie durchgeftihrt. Bei bekannter Konformation ist die 
Kotiguration am C-I aus dem Spektrum zu entnehmen. 

Konformation und Konfiguration von N-Acyh-xylo-piperidinosen 
Eine vollst%ndige Analyse des NMR-Spektrums der IV-Acetylpiperidinosen wird 

durch die gehinderte Rotation urn die N-CO Bindung erschwert. Diese fiihrt nicht 
nur zu unterschiedlichen chemischen Verschiebungen des anomeren Protons in 
Abhgngigkeit von seiner fixierten Stellung zur Carbonylgruppe, sondem such die 
Mehrzahl der Signale der anderen Protonen kann verdoppelt sein4. Eine Zuordnung 
der Signale der Ringprotonen bereitet somit groDe Schwierigkeiten. 

Irn Gegensatz zu den acetylierten Piperidinosen zeigt die WCarbobenzoxy-D- 
xylo-piperidinose~-Benzyloxycarbonylaminose, 515 infolge 
ihrer Urethanstruktur oberhalb -40” eine freie Rotation der Acylgruppe um die 
N-CO Bindung. Eine gehinderte Rotation scheint bei Urethanen allgemein mcht 
aufmtretens und wurde bisher erst in einem Falle beobachtet7. Das NMR-Spektrum 
der IV-Carbobenzoxy-D-xylo-piperidinose (5) ist deshalb wesentlich vereinfacht und 
daher einer Deutung zug%rglich. Am giinstigsten fir eine volfstiindige Analyse envies 
sich das Spektrum der r,2,3,4-Tetra-O-acetyl-N-carbobenzoxy-D-xylo-piperidinose (S), 
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welches Abb. I zeigt. Die weitgehende Trennung der Signale ermaglicht eine Behand- 
lung nach der ersten Ordnung und I&St unter Anwendung der Doppelresonanz- 
techuik eiue genaue Zuordnung der sechs Riugprotonen zu. Die Signalatispaltungen’ 
k&men angentiert aIs Kopplungskonstanten betrachtet werden, aus denen unter 
Anwendung der Karpius-Beziehungs fti die Kopplung vicinaler Protonen, Dihedral- 
winkel ermittelt werden, die einen Vergleich mit der angenommenen Konformation 
erlauben. 

H-5a 

& 
J50.5 
J 

4,sa 

Al-7. 
J2.3 

xx) Mhz 

I ‘/ eu _ u i!, fOOCH2C6Hs 

2.5 3.0 4.0 50 6.0 7.0 t 

Abb. I. NMR-Spektrum der r,2,3,4-Tetra-O-acetyl-N-carbobenzoxy~-D-xylo-piperidinose (8) bei 
IOO Mhz in CDC13 (ohne 0-Acetyl-Protonen). T 35”. Oberer Teil: Signale bei Spinentkopplung. 

Das bei niedriger Feldstgrke liegende Signal ftir das anomere Proton (r 2.95) 
zeigt die fir eine syn-clinale Stellung zum benachbarten Proton am C-2 typische 
kleine Aufspaltung von Jl,s 3.5 Hz’. Das H-z-Signal erscheint bei z 5.03 als Quartett 
infolge Kopplung mit H-I und H-3. Durch Einstrahlung beim H-I geht das SignaI 
iiber in ein Dublett mit grof3er Aufspa!tung J2.3 10.0 Hz, die nur durch eine 
Diaxialkopplung mit H-3 zu erklgren ist. Die Einstrahlung der Resonanzfre- 
quenz des H-Z Whrt entsprechend zu einem Singulett fiir das Signal des anomeren 
Protons. Die durch Spinentkopplung erhaltenen Signaie sind in der oberen Reihe 
von Abb. I wiedergegeben. Fiir das H-3 findet man ein Triplett bei t 4.58 mit groI3er 
Aufspaltung durch die gleich groIJe vicinale Diaxialkopplung mit H-2 und H-4 von 
jeweils IO-O Hz. Das H-4 erscheint als Oktett bei t 5.06 infolge Kopplung mit den 
beiden Protonen am C-5 sowie rnit dem l$3. Die Signale des H-se und des H-5a 
treten aIs zwei Quartetts bei t 5.71 und T 6.94 mit einer Geminalkopplung von 12.5 
Hz und JJ,s= 6.0 Hz, bzw. J4,sa I LO Hz, au& $iifoIge des iiberraschend grol3en Unter- 
schiedes in den chemischen Verschiebungen ergibt sich ein einfaches AMX-Spektrum. 
Den Beweis fti die Richtigkeit der Zuordnung Iiefert die Spinentkopplung. Durch 
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Einstrahlung beim H-4 gehen beide Signale in Dubletts mit gleicher grof3er Geminal- 
kopplung iiber. Beim Vergleich mit dem Spektrum der Tetra-O-acetyl-a-D-xylo- 
pyranosere fZllt die erhebliche Verschiebung des H-ga zu hiiherer Feldstarke auf. 
Diese verstlrkte Abschirmung so&e durch die Anisotropiewirkung der Amidgrup- 
pierung verursacht sein. Temperaturversuche zeigen, dal3 das Spektrum zwischen -40” 
und 116” unverandert bleibt, und damit eine Fixierung der Urethangruppe sowie des 
Phenylrestes unter diesen Bedingungen nicht eintritt. 

TABELLE I 
ANALYSE DES NMR-SPEKTRUMS DEII I,~,~,~-~-O-ACET~-N-CARBOBENZOXY-C~-D-X~IO-PLPERIDE 
(8)BEI 100 MHZ (OHNE 0-ACETYL PROTONEN). 

LSsungsmittel : CDCls. TMS als innerer Standard. T, 35”_ 

Sigd -c (p.p.m.) Kopplung (Hz) Anordnung Spinentkopplmp 
der Protonen 

CsH?.- 2.67 Singulett 
-CHZ- 4.86 Singulett 
H-I 2.95 Dublett JI,Z 3-5 e-a H-I --(H-2} Singulett 
H-2 5.03 Quartett Jq 10.0 a-a H-z--(H-x) Dublett 
H-3 4.58 Triplett Js.4 10.0 a-a 
H-4 5.06 Oktett 
H-5e 5.71 Quartett J4,se 6.0 a-e H-5e-{H-4) Dublett 
H-5a 6.94 Quartett J4,sa II.0 a-a H-5a--(H-4} Dublett 

Jsc,s 12.5 geminal 

=Zur Kennzeichnung der Doppelresonanzversuche wurde die von Baldeschwieler und Randall vor- 
geschlagene Bezeichnungsweise benutzt. C/zem. Rev., 63 (1963) 81. 

Abb. 2. Konformation der 1.2,3,4-Tetra-O-acetyl-N-carbobenzoxy~-D-xylo-piperid~ose (8) rnit 
zugehiirigen Kopplungskonstanten. 

In Tab. I und Abb. 2 sind die Ergebnisse fur die Tetra- O-acetyl-N-carbobenzoxy- 
D-xylo-piperidinose (8) zusammengefal3t. Hieraus geht klar hervor, daD die Piperidi- 
nose in einer Sesselkonformation vorliegen mu& Insbesondere die grol3en Kopplungen 
zwischen H-2 und H-3, H-3 und H-4, und H-4 und H-5a sprechen fdr eine Diaxial- 
anordnung. Es folgt somit fur die Kotiguration am C-I aus der kleinen Kopplung 
zsvischen H-I und H-2 eine a-Form. 

Zu dem gleichen Ergebnis ftihrt such die Analyse des in Da0 aufgenommenen 
NMR-Spektrums der N-Carbobenzoxy-D-xylo-piperidinose (3, welches in Tab. II 
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TABELLE II 

ANALYSE DES NPY~R-SPEKTRUMS DER N-CARFIOBENZOXY-or-D-XYZO-PIPERIDINOSE (3 BEI ICO MHZ. 
Lasungsmittel : DzO. DSSa als innerer Standard. T, 35O_ 

Signal z (p-p-m.) Kopphg (Hz) Anordnung 
det Protonen 

C&&i- 2.68 Singulett 
-CH2- 4.92 Singulett 
H-I 4. rg Dublett J1.z 3.8 e-a 
H-z 6.53 Quartett J-,5 9.3 a-a 

H-3 6.22 Triplett J9,4 9.3 a-a 

H-4 6.46 Multiplett 
H-se 5.90 Quartett J4,se 4-g a-e 
H-~a 6.91 Quartett 34,so II.3 a-a 

Jsc.50 12.5 geminal 
(I 

DSS, Natrium- z,z-dhnethyl-2-silapentan-5-sulfonat. 

wiedergegeben ist. Das Multiplett fur H-4 ist nach der ersten Ordnung nicht mehr 
auflosbar. Wghrend die Protonen am C-5 etwa die gleiche Lage wie in der acetylierten 
Verbindung haben, werden die Signale der iibrigen Ringprotonen infolge griil3erer 
Abschirmung durch die Hydroxylgruppen urn 1.2-1.6 p_p.m. zu hoherer Feldstarke 
verschoben. DieVerbindung liegt gleichfalls in der Sesselformvor,eineKonformations- 
Sinderung des Piperidinolsystems durch Wasserstoffbriicken tritt demnach nicht 
ein. 

Sehr instruktiv ist das NMR-Spektrum des Methyl-N-acetyl-2,3,4-tri-O-methyl- 
a-D-xylo-piperidinosids (9), welches in Abb. 3, unten bei 35”, oben bei I 10~ abgebildet 
ist. Die Verbindung weist eine gehinderte Amidrotation auf, so dass in der Kglte fur das 
anomere Proton zwei Dubletts auftreten. In diesem Spektrum sind such Quartett- 
Signale sichtbar, die den Protonen am C-5 zukommen. Diese Signale sind infolge 
der gehinderten Rotation ebenfalls aufgespalten. Das bei t 5.49 sichtbare Quartett 
mit der IntensitZt fur ein halbes Proton ist dem H-5e der einen Form zuzuordnen, 
warend das Signal des Protons H-5e des Rotationsisomeren in dem Multiplett bei 
t ca. 6.8 verborgen ist. Beim Erhitzen auf IIOO flieDen beide Quartetts zu einer Lime 
bei t ca. 6.2 zusammen, wie aus der oberen Kurve zu erkennen ist. 

Von den Protonen H-5a ist nur das rechte Quartett bei z 7.64 sichtbar. Beim 
Erhitzen wandert dieses Quartett,wie zu erwarten,in das Multiplett bei t ca. 7.0. In 
der K%ilte sind such die OCHs-Signale aufgespalten und tliel3en bei hijherer Temperatur 
infolge freier Rotation zu einem Signal zusammen. 

Aus den Quartettaufspaltungen der Protonen H-5e und H-5a und der Beob- 
achtung von Proton H-2 mittels Doppelresonanz lieBen sich die in Tab. III angegebe- 
nen Kopplungskonstanten ermitteln. Sie entsprechen den bei der N-Carbobenzoxy- 
a-D-xylo-piperidinose (5) gefundenen Wet-ten und lassen sich am besten dahingehend 
interpretieren, da13 die permethylierte N-Acetyl-o-xylo-piperidinose (9) ebenfalls nur 
in der Sesselkonformation und nur in der a-Form vorliegt. Ein zusZtzliches Argument 
zum Beweis der a-Form lie13 sich bei der N-Acetyl-D-xylo-piperidinose (1) erbringen. 
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An 1 konnte erstmalig eine “long-range” -Kopplung zwischen H-5e und H-I iiber 
den Ringstickstoff hinweg von 1.0 Hz beobachtet werdenll. Die Zuordnung erfolgte 
durch Doppelresonanz. Nach den bisherigen Vorstellungen iiber die Stereochemie von 
” long-range ” -Kopplungen sollte nur bei r,3-digquatorialer Anordnung, also bei 
einer a-Form, eine Kopplung auftreten. 

T llO” 

H-l 

100 Mhz 
.H-5a 

H 

I 

C'-'aO, 
an c-3 

Abb. 3. NMR-Spektrum des Methyl-N-acetyl-2,3,4-tri-O-methyla-~-xyZo-piperidinosids (9) bei 
IOO Mhz in CZCLP. T 35 (unten) und IIO' (oben). 

TABELLE III 

ANALYSE DES NMR-SPEKTRUMS DES ~~BTHYL-N-ACBTYL-~,~,~-TR~-O-~~BTHYLU-D-.~~IO-PIPERIDINOSIDS 
(9) BEI IOO Mhz. 
LSsungsmittel: CXL. TMS als innerer Standard. T 35”. 

Signal t (p.p.m.) Kopp lung (Hz) Anordnung 
der Protonen 

CHs-CO-N 
CHwQ(an C-I) 
CH&(an C-2 und C-4) 

CHa-Wm C-3) 
H-I 
H-2 

H-se (112) 
H-5a (r/2) 

7.97 Singulett 
6.82 Dublett 
6.60 Dublett 
6.52 Singulett 
4.25 und 5.12 Dublett Ji.2 3.5 e-a 
7.20 Quartett Ja,a 9.5 a-a 
5.49 Quartett Ji,se 5.5 a-e 
7.64 Quartett J4,5,z 11-o a-a 

Jsr,5a 12.5 geminal 
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Die bisher bekannten N-Acyipiperidinosen und N-Acylpiperidinoside der 
D-Xylose-Reihe bevorzugen somit ausschlief3lich die a-~-Form. Sie zeigen also einen 
vie1 st2rkeren anomeren Effektls als die entsprechenden sauerstoffhaltigen Pyranose- 
ringe. Eine Erkl&-ung daftir IZiDt sich geben, wenn man die Stereochemie einer- 
IV-Acylpiperidinose betrachtet. Bei der IV-Acetylpiperidinose 1 sollen z.B. infolge der 

HO 

Amidmesomerie die Atome in einer Ebene liegen. Dadurch ge@it 

wie man leicht am Atommodell erkennen kann, der Bquatoriale Substituent am C-I 
in eine direkte ekliptische Stellung zur Amidgruppe. Ein @Berer Substituent am 
C-I wird daher der ekliptischen @-Form ausweichen und bevorzugt in die sterisch 
giinstigere a-Form iibergehen. Ahnliche Verhzltnisse findet man bei Sechsring- 
Keto-Verbindungen, bei denen die benachbarten ekliptischen Substituenten gemID 
der Brown-Brewster-Shechter-Regell3 ein InstabilitHtsmoment des Ringes hervor- 
rufen. 

Im Widerspruch zJlr Cc-Form steht die bei N-Acyl-D-xylo-piperidinosen 
beobachtete negative optische Drehung. Es wurden daher die Rotationsdispersions- 
kurven (ORD) der N-Acylpiperidinosen und ihrer Derivate ausgemessen und mit 
denen der Methyl-D-xylopyranoside verglichen (vgl. Abb. 4). 

Methyl-a-D-xylopyranosid weist, wie Abb. 4b zeigt, eine positive, die P-D- 
Verbindung eine negative Plain-Kurve auf. Die Richtung der Kurve wird durch einen 
bei ca. 180 rnp liegenden Cotton-Effekt (CE) bestirnmt, welcher vermutlich durch den 
Ringsauerstoff als asymmetrischen Chromophor verursacht wirdl*. 

N-Acyl-a-D-xyio-piperidinosen (Abb. 4a) und Methyl-N-acyl-a-D-xylo-piperidi- 
noside (Abb. 4b) zeigen dagegen negative Plain-Kurven unddamiteinder Htidson’schen 
RegeP5 entgegengesetztes Verhalten. Offenbar bestimmt hier eine vorgelagerte 
langwelligere, optisch aktive Absorption der Amidgruppe die Richtung der Kurve. 
Bei der Kurve der N-Acetyl-a-D-xylo-piperidinose (1) ist bereits ein beginnender 
negativer CE bei etwa 200 mp zu erkennen. Die gefundenen negativen Drehungen der 
N-Acyl-a-D-xylu-piperidinosen finden somit eine ErklZirung. 

Darstellung und Eigenschaften von Methyk-D-xyb-piperidinosid 

Die Frage der Konfiguration am C-I der D-xylo-Piperidinose5 (6) mit freier 
Aminogruppe im Ring liess sich durch kemmagnetische Resonanz nicht l&en. Eine 
Analyse des Spektrums der mit BaO in DzO aus D-xyZ&Piperidinosyl-I-sulfons5iure5 
hergestellten Liisung von 6 war nicht m(iglich, da die im Vergleich zum Ringsauerstoff 
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verstHrkte Abschirmung des anomeren Protons durch die unsubstituierte Aminogruppe 
sein Signal in den Bereich der iibrigen Ringprotonen verschiebt. Hinzu kommen die 
Bildung van D-xylo-3,4,5-Trihydroxy-dl-piperidein (4) und die schon bei pH ~7.8 
einsetzende Amadori-Umlagerung zu 7, die das Spektrum weiter komplizierens. 
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Abb. 4a und 4b. Optische Rotationsdispersion (ORD) der Piperidinosen und ihrer Methyfgiykoside, 
c, I mg/ml in Wasser (Piperidinosen) bzwv. Methanol (Piperidinoside). 

Versuche, Methyl-r-D-xylo-piperidinosid (3) durch direkte Umsetzung der 
Piperidinose 6 mit Methanol unter den verschiedensten Bedingungen darzustellen, 
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waren ohne Erfolg. Stets wurde 6 im Gemisch mit den Sekundiirprodukten 4 und 7 
mriickerhalten. Es wurde daher versucht, 3 iiber das Pipericlinosid 2 zu gewinnen, 
welches leicht aus &Carbobenzoxy-or-D-xylo-piperidinose 5 mit Methanol-HCl 
dargestellt werden kann. 

Die Hydrierung von 2 in absolutem Methanol mit Pd lieferte eine Liisung 
von 3, die als Nebenprodukt wenig r,5-Didesoxy-r&ninoxylits enthielt. Das 
Piperidinosid 3 mit freier Aminogruppe im Ring erwies sich als recht instabil. Bereits 
durch Wasser wit-d 3 schnell unter Bildung von 6 gespalten, welches teilweise zum 
Piperidein 4 und Amadori-Umlagerungsprodukt 7 weiterreagiert. Eine Isolierung 
von reinem Glykosid 3 war nicht miiglich, da beim Einengen der methanolischen 
Lijsung teilweise Methanolabspaltung zu 4 eintritt. Der erhaltene Sirup enthat stets 
Piperidein 4 und durch Spaltung mit Spuren von Wasser gebildete Piperidinose 6. 
Methylpiperidinoside mit freier Aminogruppe im Ring verhahen sich somit hinsicht- 
Iich ihrer Stabilitat grundsgtzlich anders als normale Methylpyranoside. 

Untersucht man eine Losung von 3 mit Hilfe des Circulardichroismus (CD), 
so findet man such bei sorgf~ltigstem Wasserausschluss bereits nach ca. I Stunde einen 
geringen negativen Cotton-Effekt (CE) bei 300 rnp. Dieser CE ist dem Piperidein 4 
zuzuordnen, welches einen asymmetrischen C=N Chromophor besitzts. Der Versuch 
beweist, daD das Piperidinosid 3 in der Lage ist, bereits in methanolischer Ltjsung 
spontan Methanol unter Bildung von 4 abzuspalten. Es stellt sich offensichtlich 
ein Gleichgewicht zwischen Piperidinosid 3 und Piperidein 4 ein, welches weitgehend 
auf der Seite von 3 liegt, und dessen Anteile an 4 durch CD-Messungen einwandfrei 
nachweisbar sind. 

Wghrend das Methyl-N-carbobenzoxy-cr-D_xylo-piperidinosid 2 eine negative 
Plain-Kurve bei der ORD-Messung aufweist, zeigt die frisch dargestehte Liisung von 
Piperidinosid 3 umgekehrt eine positive Plain-Kurve (Abb. 4b). Da nicht anzunehmen 
ist, daD bei der hydrierenden Abspaltung der Carbobenzoxy-Gruppe eine Umkehr der 
Konflguration am C-r eingetreten ist, sollte 3 ebenfalls in der cr-Form vorliegen. 
Das Piperidinosid 3 gibt dann, da der langwellige Chromophor abgespalten ist, 
wieder eine Plain-Kurve, die der Kurve des Methyl-cr-D-xylopyranosids entspricht. 

Untersucht man die ORD-Kurve einer durch Hydrierung von 5 oder Zersetzung 
von D-xylo-Piperidinosyl-r-sulfonsiiure frisch dargestellten Lijsung der Piperidinose 6, 
so findet man ebenfalls eine positive Plain-Kutve (Abb. 4a). Es ist demnach zu 
vermuten, daD such die freie D-xylo-Piperidinose 6 bevorzugt in einer cr-D-Form 
vorliegt. 

EXPERIMJZNTELLER TEIL 

Mettiyl-N-carbobenzo~y-uy-cc-D-xylo-piperidinosid (2) 
N-Carbobenzoxy-a-D-xylo-piperidinose 5 (136 mg) wurde in Methanol (21 ml), 

das 1.5% HCI enthielt, gelost und drei Tage bei Raumtemperatur aufbewahrt. Nach 
dieser Zeit Iiegen sich diinnschichtchromatographisch (Kieselgel G mit Benzol- 
Athanol, 3: I +3.2% Wasser) nur noch Spuren der Ausgangsverbindung nachweisen. 
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Die Liisung wurde mit Blei(II)-carbonat neutralisiert, die Bleisalze abfiltriert und mit 
Methanol gewaschen. Die im Vakuum eingeengte L;jsung ergab einen farblosen Sirup, 
der bald kristallisierte. Umkristallisation aus wenig Methanol unter Zusati von 

Essigester. Ausbeute IIO mg (77%); Schmp. 85-87”; [a&I-9.2” (c I, Methanol) 
(Gef.: C, 55.90; H, 6.40; N, 4.56. Cl4HlgNOs. Ber.: C, 56.54; H, 6.44; N, 4.71%). 

Methyl-a-D-xylo-piperidinosid (3) 

2 (76 mg) wurde in absolutem Methanol (IO ml) gel&t und mit Pd-Schwarz 
(IO mg) IO Minuten bei Norrnaldruck hydriert. Die farblose LSsung wurde sofort vom 
Katalysator abfiltriert. Eine Ausbeutebestimmung in der Lijsung kann wie bei der 
D-x@Piperidinose durch Umsetzung mit o-Aminobenzaldehyddurchgefuhrtwerdens. 
Unter Voraussetzung eines quantitativen Umsatzes ergeben sich dabei Ausbeuten von 
ca. 65% an 3. Das Diinnschichtchromatogramm [Kieselgel G, Dioxan-Wasser 
(5: I)] ist wegen der leichten Spaltbarkeit des Piperidinosids stets identisch mit dem der 
D-xylo-Piperidinose 6. Die CD- und ORD-Kurven der frisch hergestellten Liisung 
zeigen die Abwesenheit des Piperideins 4. Nach 3 Stunden beobachtet man bei 300 m,u 
eine circulardichroitische optische Dichte von LID-~ x IO -4, die nach einem Tag auf 
LID- 15 x IO -4 und nach zwei Tagen auf LID -20 x IO -4 angestiegen ist. Dann treten 
Zersetzungserscheinungen auf, die schnell zu einer Gelbfgrbung der Lijsung fuhren 
und weitere Messungen verhindern. t 

Methyl-N-acetyZ-2,3,4-tri-O-methyf-a-D-xylo-piperidinosid (9)* 

N-Acetyl-a-D-xylo-piperidinoses I (0.5 g) wurde in Dimethylformamid (IO ml) 

gel&t und Methyljodid (2.5 ml) zugegeben. Nach Abtihlen auf o” wurde Bariumoxid 
(2.5 g) und Bariumhydroxid (I g) zugegeben und zunSichst 5 Stuncien bei o”, dann 20 

Stunden bei 20~ geschiittelt. Dann wurden die Salze abzentrifugiert und mit Chloro- 
form ausgewaschen. Die Liisung wurde mit Wasser (17 ml), dem Natriumthiosulfat 
(5 mg) zugesetzt worden war, und dann mit Wasser (17 ml) gewaschen. Nach Trocknen 
iiber Natriumsulfat ergab das Abdampfen an der dlpumpe einen Sirup, der durch 
Va’kuumdestillation bei 10-6 Torr und 70” gereinigt wurde. Ausb. o-591 g (91%); 
[a]g+5.5” (c I, Chloroform) (Gef.: C, 53.10; H, 8.51; N, 5.61. CllH21N05. Ber.: 
C, 53.42; H, 8.56; N, 5.66%). 

I~,3~-Tetra-O-acetyI-N-carbobenzo~-a-D-~lo-piperidinose (8) 
iV-Carbobenzoxy-a-D-xyylo-piperidinose 5 (551 mg) wurde in Pyridin (5 ml) 

unter Zusatz van Acetanhydrid (1.3 ml) 20 Stunden bei Raumtemperatur gehalten. 
Das Pyridin wnrde im Vakuum abdestilliert und der Riickstand in Chloroform (15 ml) 

aufgenommen. Die Lasung wurde mit Wasser (5 ml), NaHCOc-LBsung (5 ml) und 
nochmals mit Wasser (IO ml) gewaschen, das Chloroform im Vakuum abdesti!liert, 
der farblose Sirup mehrfach mit iithanol abgedampft und an der ijlpumpe scharf 

*In der kiirzlich erschienenen Arbeit von K. HEYNS yd D. MILLER, Tetrahedron, 21 (1965) 3151, 
wurde die Verbindung irrtiimlichenveise in der p-D-FOMI forrmdiert. 
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getrocknet. Ausbeute 710 mg (81%); [~2]~+20.3” (c I, Chloroform) (Gef.: C, 56.00; 
H, 5.75; N, 3.03. CzlH25NOro. Ber.: C, 55.87; H, 5.69; N, 3.10%)- 

Die NMR-Spektren wnrden aufgenommen mit einem VARIAN HA-100 
Spektrometer unter Venvendung von DsO (Natrium-2,2-dimethyl-a-silapentan-s- 
sulfonat als innerer Standard) sowie CDCls und C&14 (innerer Standard : TMS) als 

L6sungsmittel. Die optische Rotationsdispersion wurde mit einem Spektropolarimeter 
Car-y 60, der Circulardichroismus mit einem Roussel-Jouan-Dichrographen gemessen. 

DANK 

Herr-n Prof. Dr. K. Heyns sei fti sein Interesse und die stete Fiirderung der 
Untersuchungen gedankt. 

ZUSAhfMFNFASSUNG 

N-Acyl-D-xylu-piperidinosen und deren Derivate liegen, wie durch eine voll- 
st%nIige Analyse aller Kopplungskonstanten der NMR-Spektren festgestellt wurde, 
in der Sesselkonformation var. Die bisher bekaqnten Verbindungen der D-Xylose- 
Reihe treten nur in der E-Form auf. Ftir den starken anomeren Effekt wird die 
ungiinstige Stereochemie der /I-Form mit ekliptischer Stelhmg des Bquatorialen 

Substituenten zur Amidgruppe verantwortlich gemacht. IV-Acyl-a-D-+&-piperidino- 

side zeigen bei ORD-Messungen negative Plain-Kurven und damit ein den norrnalen 
a-D-Glykosiden entgegengesetztes Verhalten. 

Methyl-a-D-xylo-piperidinosid (3) liegt in Methanol im Gleichgewicht mit 
D-xylo-3,4,5-Trihydroxy-dl-piperidein (4) vor. Piperidinoside mit freier Aminogruppe 
im Ring wie 3 sind so labil, daD sie bereits durch Wasser gespalten werden. 

SUh%MARY 

5-Acylamido-5-deoxy-D-xylopyranoses (IV-acyl-D-x$0-piperidinoses) and their 
derivatives are shown, by complete analysis of all the coupling constants in their 
n.m.r. spectra, to exist in a chair conformation. All known “piperidinoses” in the 

D-xylose series occur only as the a-~ anomer. The unfavourable stereochemistry of 
the B-D anomer, where the equatorial substituent is in the eclipsed positionwith respect 
to the amide group, is proposed as the cause of the pronounced anomeric effect. 

Iv-Acyl-a-n-xylo-piperidinosides show negative, plain or-d. curves in contrast to the 
positive, plain o.r;d. curves shown by a-D-glycopyranosides. 

In methanolic solution, methyl 5-amino-5-deoxy-a-D-xylopyranoside (3) exists 
in equilibrium with D-xylo-3,4,5-trihydroxy-d’-piperideine (4). “Piperidinosides” 
such as (3), having a free amino group in the ring, are so sensitive that the methoxyl 
group undergoes hydrolysis in water alone. 
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INTRODUCTION 

Many marine annelids live witbin tubes of diverse form and composition. 
A few members of the Errarztia manufacture a light, translucent, quill-like tube 
containing appreciable proportions of phosphorus, together with smaller proportions 
of calcium and magnesium. The relation of these elements to the rest of the tube 
substance has been a matter of speculation for nearly a century l-‘. 

Recent studies of the tube of H. tubicola (see Fig. I) have suggested that the 
structure is not homogeneous, but is composed principally of the metal salt of a sugar 
phosphate polymers, of high molecular weight, which has been called onuphic acid6*‘. 

Fig. I. Empty tubes of Hyalinoecia tubicola. x 1.2. 

We present here an account of the extraction, purification, and general charac- 
teristics of onuphic acid as an introduction to more detailed studies of this new 
biological macromolecule. 
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hfATEFUALS AND METHODS 

Whole tubes containing live Hyalinoecia, and empty tubes, were collected and 
identified by staff of the Marine Biological Laboratory, Plymouth; the majority of 
specimens were harvested by deep trawl at 40 fathoms about 5 miles off the Eddystone 
Lighthouse. Only clean, dried tubes were used for experiments. 

Extraction procedure 
The tubes were extracted with various media, generally 50 ml per g at 2”, 

and usually for 24 h with occasional shaking. Extracts were filtered at the pump 
through Carlson-Ford filter sheets; subsequent purification by precipitation with 
quatemary ammonium salts confirmed that the filtrate was not contaminated with 
cellulose from the filter. Cold ethanol was added, with mixing, to the chilled filtrate, 
until the supernatant gave no further precipitate with ethanol; the mixtures were kept 
for 4 h at 2O to aggregate. A more workable product was obtained if solid potassium 
chloride was added (to a concentration of I %) before addition of ethanol. Precipitates 
were collected by centrifugation, dispersed under ethanol, and recentrifuged, and the 
process was repeated once more in ethanol, twice in acetone, and twice in ether. 
After the ether had been allowed to evaporate in air, the products were dried in uacuo 
over phosphorus pentoxide. For most studies, each preparation was redissolved in 
water and dialysed for 24 h against successive changes of deionised water, followed by 
further dialysis for 24 h against deionised water containing self-indicating ion-exchange 
resin (c‘Indicator Biodeminrolit”, Permutit, Ltd.). Dialysis was carried out through 
pre-washed Visking 18/32 tubing at 2O with gentle stirring. All dialysates were filtered 
through paper and freeze-dried. 

Analytical methods 
Carbon, hydrogen, and nitrogen microanalyses were kindly carried out by 

Mr. J. A. Stewart of the Chemistry Department, Leeds University. Oxygen could not 
be determined because of the formation of phosphorus pentoxide. Other analyses 
were as follows: amino nitrogen by the micro-Kjeldahl method’, calcium by the 
method of Weatherellg (magnesium interference lo was below the limits of detection), 
magnesium by atomic absorption spectroscopy” , inorganic phosphate by the Gomorir2 
method. Silicate, arsenate, and germanate were shown to be absentr3. 

Gel filtration was carried out on Sephadex G-200 gels14; water and M potassium 
chloride were used as eluants. Diethylaminoethyl-Sephadex (DEAE-Sephadex) gelsl’ 
were eluted with potassium chloride, using the following linear gradients: o to 
3~ KC1 in water; o to saturated KC1 in o.ooIM HCl; o to saturated KC1 in 0.01~ HCl; 
o to saturated KC1 in o. IM HCl. Eluates were recovered in r-ml samples, and elution 
patterns were determined by the cysteine-sulphuric acid reaction16. 

Physical methods 
Ultracentrifuge studies were carried out in a Beckman Spinco Model E instru- 

ment. A concentration of I ‘A in 0.2M potassium chloride was normally used. 

Carbohydrate Res.. 3 (1966) 58-68 



60 F. G. E. PAUTARD, H. ZOLA 

Moving-boundary electrophoresis was carried out in a Perk&Elmer Model 
238 instrument, kindly made available by Mr. T. J. Bowen, of the Department of 
Biochemistry, Leeds University. A 15-mm Schlieren cell was used, and buffered 
solutions were dialysed against excess of buffer before electrophoresis. 

Visible and ultraviolet spectra were determined on the Perkin-Elmer 137 U.V. 
instrument, and infrared spectra were obtained on a Grubb Parsons DBI spectro- 
photometer, using the potassium bromide disc technique “. 

Optical rotation was measured in cells fitted with strain-free end windows 
in a Microptic photoeIectric poIarimeter (HiIger and Watts) incorporating a mercury 
discharge lamp (Iz 5481A, didymium filtered). 

RESULTS 

Extraction characteristics 
When treated with acid, the hard, papery Hyalinoecia tubes swell to a gelatinous 

mass, many of the structural features of the tube wall are lost, and quantities of 
soluble substances appear in the supernatant liquid. The phosphorus in the extract 
cannot be removed by dialysis, but remains, in association with carbohydrate, as a 
clear solution. Precipitation with ethanol, followed by drying in acetone and ether, 
produces a white, hygroscopic powder, designated elsewhere6*’ as onuphic acid. 

Extraction conditions and yields. Hyalinoecia tubes contain approximately 9.5% of 
phosphorus. VirtualIy all of this can be recovered as onuphic acid (P, 14.4x), but, 
for reasons outlined below, a ready supply of tubes has enabled us to use mild condi- 
tions to prepare onuphic acid at frequent intervals in Iow yield, but in a high state of 
purity, thus avoiding both the severe or prolonged treatment necessary to extract 
the major bulk of the polymer and the uncertain state of the product after long storage. 

Water, at room temperature and at boiling point, extracted no phosphorus or 
carbohydrate from the tube. At room temperature, dimethyl sulphoxide removed 

small proportions of a substance having a positive reaction with cysteine-sulphuric 
acid, but which contained no phosphorus. 

A IO% solution of EDTA (ethylenediaminetetra-acetic acid, sodium salt) at 
pH 7-4 extracted all but a trace of cations, together with a proportion of substances 
of high molecular weight apparently containing ca. 7% of phosphorus. This product 
consisted of a mixture of EDTA and onuphic acid which could not be separated easily 
by simple dialysis. Repeated fractional precipitation with ethanol, in solutions 
containing I % potassium chloride, removed the EDTA, leaving an onuphic acid salt 
closely resembling salts prepared in the same way after acid extraction. The rate of 
dialysis of EDTA was independent of the amount of onuphic acid present (for 
similar behaviour, see Watson et al” and Gilbert and Swallo~‘~). 

Mineral acids (HCI, H,SO,, HNOs, H,P04) all extracted similar amounts of 
non-dialysable material which, when purified, contained the same amount (14.4%) 
of phosphorus. A series of experiments with N hydrochloric acid (Fig. 2) showed that 

: 
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50 % of the tube substance was removed in 24 h at 50”, whereas only 5 % was removed 
at 2O under the same conditions. After 20 days in N hydrochloric acid at 2O, less than 
15 % of the tube substance was extracted; repeated treatment with fresh acid, however, 
removed 97% of the onuphic acid in IOO days. 

I 
50-O 

40- 

1 

30- 

3 
1 > 
S 20- 

I 

4 
1 1 I 

6 12 16 

Extraction time (days) 

1 

20 

Fig. 2. Extraction of onuphic acid from tubes of Hydinoecia tubicola, using N hydrochloric acid. 
I; 500. whole tubes. II; 20, crushed tubes. III; 2O, whole tubes. 

a b 

Fig. 3. Sedi&ntation pattern of onuphic acid (a) berore and (6) after treatment with baliotini beads 
in a Mickle dtsintegrator. 

Onupbic acid (both as a partial potassium salt and as the free acid) prepared from 
EDTA extracts, or under mild acid conditions (for example, N HCl at 2O for periods 
up to 20 days) gave the same sharp sedimentation pattern (Fig. 3a) and the same 
critical ethanol-solubility curve (Fig. 4a). With increasing strength of acid and with 
increasing time and temperature of extraction, the macromolecule became progress- 

Carbohydrate Res., 3 (1966) 5S-68 



62 F. G. E. PAUTARD, H. ZOLA 

ively degraded. The increase in polydispersity was reflected in diffuse sedimentation 
patterns (similar to Fig. 3b) and in extended ethanol-solubility curves (similar to 
Fig. &). In consequence, the onuphic acid used for further studies was prepared under 
conditions likely to limit degradation. As standard procedure, extraction with N 

hydrochloric acid for 24 h at 2’, or with IO% EDTA solution, pH 7.4 for 24 h at 2O, 

was chosen. 

60- 

60- 

% Ethanol 

Fig. 4. Ethanol solubility curves of onuphic acid (a) extracted from whole tube (x-x) and (b> extracted 
from crushed tubes (o-o). Curves were obtained by adding chilled ethanol, in small aliquots, to 
chilled aqueous soIutions of onuphic acid containing potassium chloride (I yam The solutions were 
stirred continuously. After precipitates had coagulated, they were collected by centrifugation, dried, 
and weighed; the supernatant was treated with further ethanol. All precipitations were carried out 
at z”. 

In a typical’preparation, onuphic acid (250 mg, as partial potassium salt) was 
obtained from 5 g (about 25 tubes) of raw material. Fresh product was usually made 
for each series of experiments, since, although both the free acid and its potassium 
salts could be stored in the form of a dry powder for short periods of time at -IoO, 

aqueous solutions underwent degradation, particularly at room temperature. 

Mechanical degradation. Early preparations were made from coarsely milled 
tubes. This practice resulted in greatly increased yields, but the sedimentation patterns 
(similar to Fig. 3b) and the ethanol solubility curves (Fig. &) differed significantly 
from the customary, sharp, sedimentation pattern (Fig. 3a) and the critical ethanol- 
solubility curves (Fig. ~CZ) observed in preparations from whole tubes. Since the 
sedimentation patterns of fractions of “milled” onuphic acid obtained at low con- 
centrations of ethanol were similar to the patterns of the unfractionated onuphic acid 
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extracted from the whole tubes, and since all the forms of onuphic acid (from whole 
tubes, from crushed tubes, and after fractionation) gave the same figures for phos- 
phorus, the same quantitative results in the cysteine-sulphuric acid reaction, and the 
same products of hydrolysiszo, it became clear that the increase in polydispersity was 
not due to the presence of other species of macromolecules, but might be caused by 
the fragmentation of the onuphic acid during milling. 

Dry onuphic acid (partial potassium salt), prepared from whole tubes by the 
standard method of acid extraction described above and giving a sharp sedimentation 
peak (Fig. 34, was shaken with ballotini beads in a Mickle disintegrator. The resulting 
sedimentation pattern (Fig. 3b) of the product (dissolved without further treatment) 
shows a significant increase in polydispersity. 

We conclude from these experiments that the differences observed in the poly- 
dispersity of onuphic acid from whole and from crushed tubes may be the result of 
mechanical degradation and may not be caused by the extraction of separate species 
of macromolecule rendered more accessible by the milling process. Other reports 
of depolymerization brought about by stirring21 and by sound waves22 serve to 
emphasize the care which must be taken when removing substances of high molecular 
weight from natural sources. 

PURIFICATION 

The method of Scott23 was used in attempts to prepare onuphic acid in a high 
state of purity. A 3% solution of cetylpyridinium bromide was added to a 0.5% 

solution of onuphic acid (potassium salt, at pH 7.0) in 0.03M potassium sulphate [to 
enhance coagulation) until no further flocculation was observed. After storage for 
I h, the suspension was centrifuged and the supematant decanted. The precipitate 
was washed with ion-free water and dissolved in warm 2M potassium chloride, and 
the onuphic acid-detergent salt was reprecipitated by dilution. The washing, disso- 
lution in 2~ potassium chloride, and reprecipitation steps were repeated once. 
Ethanol was added to precipitate onuphic acid as a partial potassium salt, which was 
then dissolved in water and reprecipitated by the addition of further ethanol. The 
solution-precipitation procedure was repeated until the absorption at 260 rnp (due to 
pyridinium ions) was no longer detectable; the detergent-free onuphic acid was 
then dissolved in ion-free water, dialysed, and lyophilized. The cysteine-sulphuric 
acid reaction, and the analyses for phosphorus and the products of hydrolysis’O of 
this material were closely similar to those obtained from the starting material; 
yields of go% or thereabouts were recovered. The substances remaining in the super= 
natant after detergent precipitation were of similar composition to onuphic acid; 
no neutral polysaccharides were detected. 

When prepared by ethanol precipitation in the presence of potassium chloride, 
onuphic acid always contained some potassium and detectable quantities of magnesium 
and calcium, even after dialysis. For all subsequent quantitative and physicochemical 
experiments, a highly purified product was desirable, and the cation content was 
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therefore reduced bypassing a I % solution down a column (300 x 18 ti) of Amberlite 
IR-IZO resin (Hf form). The eflluent was examined for inorganic phosphate, and for 
carbohydrate content by the cysteine-sulphuric acid reaction, and the carbohydrate- 
containing fractions were combined and freeze-dried; ail glassware was prewashed 
with EDTA and deionized water, and wherever possible, polyethylene apparatus was 
used. Under these conditions, no inorganic phosphate was detected in the effluent, 
and potassium, calcium, and magnesium were present in trace amounts only. 

Standard, dry product. Onuphic acid contains water, even after extensive desiccation 
at room temperature, and experiments were carried out to establish areliable, standard, 
dry product, from which calculations of elemental composition could be made. Samples 
of purified, cation-free onuphic acid were allowed to equilibrate for 12 h at various 
temperatures over phosphorus pentoxide, and the loss of weight was determined. 
The results (Fig. 53 show that up to 60” the weight loss is reversible; above 60”, the 

, , , 
20 40 60 80 loo 

Temperature (“Cl 

Fig. 5. Weight decrease in onuphic acid dried in wcuo over phosphorus pentoxide for 12 h at various 
temperatures. 

LI 
a (Descending) 

b (Descending) b Wscending) 

Fig. 6. Moving-boundary ekctrophoresis of onuphic acid; (u) veronal buffer, pH 8.6, descending 
limb; and (6) phosphate buffer, pH 6.4, descending and ascending limb. 
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weight loss is irreversible, suggesting decomposition. At g5”, onuphic acid chars. In 
general, because of the risk of degradation at elevated temperature, onuphic acid was 
dried in uacuo over phosphorus pentoxide at room temperature, and calculations 
were based on a water content of 6%. 

HOMOGENEITY 

The sedimentation patterns (cf- Fig. 3a), the ethanol solubility curves (cf. 
Fig. 4a), the detergent-precipitation characteristics, and the constant composition 
of ethanol fractions all suggestthat onuphic acid extracted under mild conditions is a 
homogeneous, relatively paucidisperse macromolecule. 

No substances of low molecular weight and of similar composition to onuphic 
acid were detected in any extract of whole tubes removed under mild conditions, or 
after decationization. Sephadex G200 gels excluded all phosphorus, and no resolution 
into components was observed for standard preparations as described above. The 
elution patterns from aqueous solutions and from solutions in M potassium chloride 
were essentially the same. Similarly, Sephadex G200 excluded all of the material 
present in the supernatant after treatment of onuphic acid with detergents. On 
columns of DEAF Sephadex, onuphic acid was bound strongly, resisting elution at 
normal electrolyte concentrations and remaining stable even in saturated aqueous 
potassium chloride at pH I ; no neutral polysaccharides were detected in the eluate. 

Moving-boundary electrophoresis gave anomalous results. Onuphic acid 
(both partial potassium salt and decationized material) at concentrations of 0.5-1x, 
examined for periods up to 6 h, gave one peak only in Verona1 buffer at pH 8.6 (Fig. 6a) 
with the two arms of the cell showing enantiographic patterns, whereas, in phosphate 
buffer at pH 6.4, the patterns were non-enantiographic, and two peaks (Fig. 6b) of 
similar mobility appeared. 

GFNJZRAL PROPERTIES 

The primary cysteine-sulphuric acid reaction16 indicated that onuphic acid 
consisted principally of carbohydrate. The only types of monosaccharide found were 
hexose and 6-deoxyhexose. The carbazole-sulphuric acid reaction16 gave negative 
results for hexuronic acid. 

Onuphic acid showed no absorption maxima in the visible and near-ultraviolet 
spectral regions, but the optical density of aqueous solutions increased gradually 
with decreasing wavelength in the region 270-210 m,u; thereafter the optical density 
increased rapidly towards 200 m,~. 

The principal absorption maxima in the infrared spectrum of decationised 
onuphic acid are shown in Table I. 

Measurement of optical rotation was hampered by the difficulty of obtaining 
clear solutions of onuphic acid above I ok concentration. Previous figure@ for impure 
material suggested a low specific rotation; present studies of purif%ed onuphic acid 
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TABLE I 

PRINCIPAL ABSORPTION PEAKS IN THE! INFRARED SPECTRUM OF ONUPHIC ACID 

Reference 
number I 2 3 4 5 6 7 8 9 
Wavelength @) 2.9 3.4 4.3 6.10 6.85 7.30 8.20 g-50 IX.90 

(very 

Possible broad) 
O&ill O-H P-O-H P-O-H P(O)-OH -CH2 C-CH3 P=O P-O-C a-D anomeric 

linkage 

give ~al~~61 -4f2” (water). The specific rotation was not affected by replacing the 
acid solvent with potassium chloride, or by the addition of urea or dioxane. 

Qualitative analyds. Systematic, qualitative, elemental anaIysis24 of the free 
acid detected only C, H, 0, and P. In contrast with earlier fmdings6*‘, no nitrogen was 
found in any purified preparations of onuphic acid. 

Phosphorus. Onuphic acid could not be degraded by calcining, since this method 
appeared to cause some volatilization of phosphorus pentoxide. In agreement with 
the results of 0gg5, we found that in the Kjelciahl digestion procedure, the mixture 
IINOJ-H$O, gave higher results than did the mixture H,S04-HCIO,. Carius 
digestior?” was considerably more time-consuming than the Kjeldahl digestion266 and 
did not lead to higher values. The fmally adopted method involved destruction of the 
onuphic acid by the procedure of Steyermark 26b, followed by determination of phos- 
phate by the method of Gomori 12. Estimations by these methods gave a value of 13.5 % 
for phosphorus, in accord with the figure recorded by Graham et a1.‘; by applying 
dry-weight corrections (see above), a figure of 14.4% has been obtained consistently 
for the phosphorus content of all purified preparations of onuphic acid. 

Carbon. There is evidencels2’ that large proportions of phosphorus can interfere 
with the analysis of carbon by oxidation. When an equal weight of cupric oxide was 
added to onuphic acid before oxidation, however, the values obtained for carbon 
(consistently between 22% and 23 %) were not signiscantly different from those 
obtained by the oxidation of onuphic acid alone. 

From these data, an approximate empirical formula of C,,H,20z4P3 is pro- 
posed for decationised onuphic acid. 

DISCUSSION 

It is clear from these results that 70% of the tube of HyaZinoecia n&cola can be 
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extracted as onuphic acid, a nitrogen-free substance, of high molecular weight, 
containing carbohydrate and phosphorus, Although the easy removal of small 
amounts of the macromolecule under mild conditions using EDTA suggests that at 
least some of the parent substance may be held in place in the tube by salt linkages 
through divalent cations, native onuphic acid might still be degraded by EDTA by an 
oxidative-reductive process (see Ogston and Shermanz8). 

With precautions to avoid mechanical damage and with optimal conditions of 
preparation, the chemical and physical properties of the product suggest that, within 
the limitations of the methods used, onuphic acid is homogeneous, although it may 
be polydisperse. There is no evidence for anion-free polysaccharide in association 
with onuphic acid, and all attempts to divide the purified product into molecular 
species varying in composition have so far failed. While an increase in polydispersity 
has been demonstrated as a result of chemical and mechanical degradation, neither the 
whole products nor fractions from them vary signiscantly in phosphorus content. 
The evidence of the electrophoretic patterns might be explained best in terms of 
interaction, rather than in terms of heterogeneity, since similar observations have 
produced similar conclusions for such polyanions as heparin2’ and ribonucleate30, 
and there are theoretical explanations 31m32 for behaviour of this kind which could be 
applied to onuphic acid. 

Both the U.V. and i-r. spectra of onuphic acid are consistent with a structure 
containing carbohydrate and phosphorus.The U.V. spectrum resembles that obtained33 
for phosphorus oxyanions; the principal features of the i-r. spectrum compare closely 
with recent data34-36 for phosphorus compounds. Peak g (Table II) suggests” the 
presence of the LZ-D anomeric linkage, but the absence of a band at 13 p makes this 
conclusion less likely, as does the low optical rotation. There are no absorption 
features which indicate that aromatic or similar chromophoric groups are present. 

The elemental analysis is not entirely compatible with a sugar phosphate polymer, 
but the data should be treated with reserve. Since phosphorus was determined as 
orthophosphate after oxidative hydrolysis, there is no clear evidence as to the state 
of the element in the native macromolecule. Again, the difficulties of a reliable 
analysis in a phosphorus-rich molecule of unknown configuration make the values 
for some elements, particularly carbon, uncertain. The absence of nitrogen and sulphur, 
however, greatIy limits the number of structures which mightibe present. 

ACKNOWLEDGMENTS 

This work was supported in part by grant DE-01346-03 from the U. S. National 
Institutes of Health. Specimens of Hyalinoecia were purchased from a Scientific 
Investigations Grant administered by the Royal Society. One of us (H. 2.) is grateful 
for a grant from Unilever Ltd. 

Carbohydrate Res., 3 (1966) 58-68 



68 F. G. E. PAUTARD, H. ZOLA 

SUMMARY 

A standard procedure, using ethylenediaminetetra-acetic acid or mineral acid, 
is described for the extraction of onuphic acid, a phosphorus-rich carbohydrate of 
high mokcular weight, from the tubes of the marine annelid HyaZinoecia tubicola. 
Under the conditions described, the product is nitrogen-free and homogenous, but, 
with increasing mechanical treatment, there is an increase in polydispersity. The 
macromoIecuIe contains 14.4% of phosphorus, measured as inorganic phosphate 
after oxidation, and colour reactions suggest the presence of hexose and 6-deoxyhexose 

as the major organic constituents. 
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INTRODUCTION 

Higher-carbon sugars, particularly ketoses, are often found in vegetable and 
bacterial raw-materials; for example, a nonulose (D-erythro-L-&co-nonulose) was 
recently isolated’ from the avocado. Methods for the isolation of higher ketoses2-5, 
and for their synthesis by fermentation6 and by chemical methods7** are difficult and 
complicated. Preparativecarbohydrate chemistry has only few methods for the synthesis 
of higher ketoses; of these, the Sowden-Fischer nitroalcohol methodg*” is still the 
most important. 

In seeking simple and convenient methods for Iengthening the carbon chain 
of monosaccharides, we have applied the Wittig reaction to acyclic aldose acetates. 
The Wittig reaction offers the possibility of synthesising higher, a&unsaturated, 
aldonic acids (from aldosesrl and acyclic aIdosesr2), C-glycosidesr3, and unsaturated 
higher ketoses14. The synthesis of higher ketoses from acetylated aldehydo-forms of 
D-galactose, D-mannose, and D-glucose, using (aroyl- and acetyl-methylene)triphenyl- 
phosphoranes, may be represented by Scheme I. The carbon chain of the hexose may 
be lengthened by two or three carbon atoms, depending on the structure of the initial 
phosphorylide. The vinylketonic group, which appears in the final products, may be 
used for the synthesis of various derivatives of higher ketoses. 

CHO L-o 
I 

(CHOAQ. + 

I 
CH,a4c 

P%P=CH-i-R - 
I 

iH 

+ miP0 

dH 
I 

YOAch 
Scheme ; CH20Ac 

E!xPERIMENTAL 

General method for the preparation of (aroy1mefhylene)triphenyIphosphorane.s 
A benzene solution of a bromomethyl ketone (0.01 mole) was mixed with a 

benzene solution of triphenylphosphine (0.01 mole). After severai hours, the phos- 
phonium salt was filtered off and washed with absolute ether. An equimolar quantity 
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of a solution of sodium methoxide ia methanol was then added to o.oo8-o.01 mole 
of the phosphonium salt. The phosphoranes, thus obtained, were isolated by one of the 
methods previously described15*16. (Acetyhnethylene)triphenylphosphorane’7 was 
synthesised” in 60-70x yield. 

General method for the synthesis of I-C-substituted, a&unsaturated ketoses 

A solution (6-10 ml) of the aldehydo-D-hexose pentaacetate (0.001-0.0012 mole) 
and the (aroylmethyleae)triphenylphosphorane (o.oo12-o.oo14 mole) in chloroform 
was heated on a boiling-water bath for 2-4 h. Completion of the reaction was indi- 
cated by absence of the hexose starting-material[analysis bythin-layer chromatography 
on alumina, using chloroform-benzene (2:3) or chloroform-toluene (13:10)]. After 
distillation of the chloroform, the residue was crystallised from methanol or acetone 
methanol (1:4)_ Data on yields and properties of the higher ketoses thus pxepared are 
given in Table I. 

The syrupy products 4,6, and 9 (Table I) were purified by Zemplen deacetyla- 
tion, followed by removal of triphenylphosphine oxide with organic solvents, and 
subsequent acetylation with acetic anhydride in pyridine. Compound 8 was purified 
by an alternative procedure in which a solution of the carefully dried residue in 
absolute ether was repeatedly shaken with lithium bromide (which forms an ether- 
insoluble complex with triphenylphosphine oxide”), and then washed with water, 
dried, and concentrated. 

Oxidation of I-C-phenyloctuloses with alkaline permanganate 
The octulose (o-3 g) was treated with an oxidising mixture consisting of potas- 

sium permanganate (1.5 g), water (15 ml), and 40% aqueous potassium hydroxide 
(0.5 ml). The suspension was heated under teflux on a boiling-water bath for 2 h. 
After being cooled, the solution was made weakly acid with sulphuric acid, and heated 
under refiux for 0.5 h. The precipitate was filtered off and washed thoroughly with 
ether. The ether layer was dried and concentrated, and the resulting, arylsubstituted 
carboxyiic acids were recrystallised from water. 

Deacetylation of 2,3-dideoxy-r-C-phenyl-D-galacto-oct-2-en-r-uZose pentaacetate (5) 

To a suspension of I-C-phenyloctulose (0.5 g) in absolute methanol (4 ml) was 

added 0.1~ sodium methoxide solution (0.5 ml). After storage for a few minutes, the 
residue dissolved, and the solution became pink in colour. After 2 h, the solution 
was filtered and concentrated, and the syrupy residue was shaken with portions 
(3 x 25 ml) of ether saturated with water. The ether was decanted off, the residue was 
dissolved in methanol, and the solution was decolorised with alumina and concen- 
trated to give a slowly crystallising syrup, v,, (hquid film) 1675, 1645, 1632, 1599, 
and 1586 cm-’ (Found.: C, 59.05; H, 6.46. C14Hr806 talc.: C, 59.57; H, 6.38%). 

periodate oxiabtion of 2,3-dideoxy-r-Gphe-ga~acto-act-2-en-r-uIose 

The periodate oxidation and determination of the formic acid liberated were 
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performed according to the method of Fleury and Lange22. Oxidations in triplicate, 
performed with samples (3o-50 mg) of this- o&dose, gave a periodate consumption 
of 3.96-4.12 mol., with liberation of 3.00-3.05 mol. of formic acid. 

The reaction of 2,3-dideoxy-I-C-(p-ethoxypheny~-D-galacto-oct-2-e~-I-~Iose (IO) with 
bromine 

To a solution of ketose 10 (0.34 g) in chloroform (3 ml) was added a chloroform 
solution (1.5 ml) of bromine (0.1 g; 0.03 ml). The solution was then refluxed until it 
became colourless (IO min). Chloroform and traces of bromine were removed under 
vacuum to give the dibromide (go%), m-p. 148-149” (from methanol-acetone, 4:1). 
The dibromides of compounds 5,7, and 12 (Table I) were similarly obtained, and their 
properties are recorded in Table II. 
TABLE II 
DIBROMIDES OF DERIVATIVES OF D-gahCtO-OCTULOSES 

OAc OAc H 

Ii I I I 
AcOCHeC-C-C- C-CHBr-CHBr-C-R 

I I I I II 
OAc H H OAc 0 

Found, % 
No. R Yield, % M.p., o 

C H Br 

I phenyl 90 SyrUP 44-63 4.35 24.25 
2 p-methoxyphenyl go 144-146 43.67 4.51 23.11 

3 p-ethoxyphenyl 92 148-149 44-70 4.85 22.75 
4 p-nitrophenyl 85 SyrUP 40.89 4.19 22.60 

TABLE II (continued) 

DIBROMIDES OF DERIVATIVES OF D-gOhCfO-OCTULOSES 

Formula 
Calculated, % 

vmax, cm-l 
c H Br 

Cz&W3rzO~ 44-17 4.30 24-54 1750, 1697, 1604, 1585 
Czd-ktoBrzO~ 43.99 4.40 23.46 1743, 1684, 1605, 1580 
C26HzBr2012 44.82 4.59 23.00 1748, 1683, 1608, 1578 

G4H27BrN013 41.32 3.87 22.95 1748, 1700, 1607, 1590 

Reaction of I-GphenyZ-substituted octuloses with phenyZhydrazine 

(a) Preparation of 5-(D-galacto-1,2,3,4,5-pentaacetoxypenty~-~,3-d~heny~-2- 
pyrazoline (18). (i) A mixture of the I-C-phenyloctulose pentaacetate 5 (0.3 g) 
and phenylhydrazine (0.08 g) was dissolved in ethanol (12 mlj, and the solution 
was refluxed for 3.5 h and concentrated to one-third of its original volume. Chloro- 
form was added, and the solution was then washed with water (2 ~5 ml), 
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dried (Na,SO,), and concentrated. On storage of the resulting dark-red syrup in a 
vacuum desiccator, crystallisation occurred to give compound 18 (0.32 g), m-p. 79-81” 
(from aqueous ethanol). 

(ii) A solution of octulose 5 (0.4 g) and phenylhydrazine (0.2 g) in acetic acid 
(8 ml) was heated on a boiling-water bath for I h. The cooled solution was diluted 
with chloroform, washed with water (3 x 8 ml), dried, and concentrated to give dark, 
cherry-coloured crystals of compound 18 (0.28 g), m-p. 81-84” (from aqueous ethanol), 

(Nujol) 1752 and I598 cm-‘, 1, (methanol) 242 (log E, 4.105) and 344 rnfl 
;;;50) (Found: C, 61.49; H, 5.43; N, 4.60 C3,,H34N2010 talc.: C, 61.85; H, 5.83; 

N, 4.81%). 
(b) Preparation of phenylhydrazones. (i) Compound 5 (0.15 g) and 2,4-dini- 

trophenylhydrazine (0.07 g) were dissolved in ethanol (25 ml), and the solution was 
refluxed for 4 h and cooled. The resulting precipitate was filtered off and washed 
with cold ethanol to give a quantitative yield of the orange 2,4-dinitrophenylhydrazone, 
m.p. 156-158” (from aqueous ethanol), v,,, (Nujol) 1754.1624,1597, and 1510 cm-‘, 
)2,,, (methanol) 240 (log E, 4.264), 369 (4.430), and 378 rnp (4.418) (Found: C, 53.37; 
H, 4.90; G,H,zN,O,4 cdc.: C, 53.57; H, 4-76%). 

(ii) The r-C-(p-nitrophenyl)octulose 7 was converted, using the method 
described in (i) above, into its phenylhydrazone, m.p. 14.4-145”, v,,, (Nujol) 
1744, 1626, 1601, and 1517 cm-r, &.,,, (methanol) 242 (log &, 4.266), 362 (4.427), 
and 380 mp(4.420) (Found: C, 57.13; H, 5.50. C30H33N3012 talc.: C, 57.41; H, 5.26%). 

DISCUSSION 

The products arising by condensation of Wittig reagents and acyclic aldose 
acetates are established as I-C-substituted, unsaturated ketoses by infrared spectro- 
scopy, oxidation with alkaline permanganate to give the corresponding substituted 
aromatic acids, periodate oxidation, and a number of other chemical transformations 
which con6rm the presence of a double bond and a carbonyl group in the products 
obtained. 

The i-r. spectra of the acetylated ketoses have absorption bands in the regions 
1743-1750, 1662-1670, and 1624-1628 cm -I. The tlrst band characterises the ester 
groups of the ketoser, the second band is assigned to the carbonyl group of the unsa- 
turated ketone, and the third band is assigned to the ethylenic bond of the chalcone type. 

Deacetylation of certain of the a&unsaturated ketoses listed in Table I gave 
products that had i-r. bands characteristic of C=O and C=C bonds. These products 

HOkC-iH-tCHJIH&-r-C&-i-R 

A 

might be expected to form either cyclic hemiacetals or anhydrides (A) resulting from 
reaction of a hydroxyl group with the double bond. However, the product of de- 
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acetylation of 5 consumed 4.12 mol. of sodium periodate, with liberation of 3.05 mol. 

of formic acid, and this hehaviour is consistent with an open-chain structure. The 

existence of acyclic forms of c&unsaturated octuloses may be compared with the 

tram structure assignedlg to 3,4-dideoxy-D-glycero-hex-3-enclose by n-m-r. spectro- 
scopy. 

The bigher a&msaturated ketoses, syntbesised by the Wittig reaction, display 
certain common reactions (electrophilic addition to the olefinic bond and carbonyl 
oxygen substitution) in which the I-C-(p-nitrophenyl)-substituted octulose derivatives 
react more slowly than the other ketose derivatives. This influence of the p-nitto 
group in the C-I substituent is also demonstrated by the instability of the products 
obtained by addition at the double bond. Thus, the dibromides of ketose derivatives 
6,7, and g (Table I), and the adduct of ketose derivative 7 with hydrogen bromide, are 
unstable and decompose when kept in a vacuum desiccator. 

The carbonyl group in a&unsaturated ketones is somewhat unreactive, and the 
formation of phenylhydrazones from the r-c-substituted octulose derivatives required 
vigorous conditions. However, when alkoxy groups are present in the aromatic ring 
of the ketose derivative, this reaction does not yield a phenylhydrazone. Instead, a 
diarylsubstituted pyrazoline is formed; a nitro group in the aromatic ring of the ketose 
derivative stabilises the phenylhydrazone (Scheme 2). The pyrazoline derivative 
obtained with octulose 5 was assigned the structure 5-(o-gala&o-1,2,3,4,5_pentaacet- 
oxypentyl)-r,3-diphenyl-2-pyrazobne. This structure was con&med by the U.V. spec- 
trum which showed maxima at 242 (log E, 4.105) and 344 rnp (3.650); r,3,5-triaryl- 
substituted pyrazolines are reportedzo*” to show Am= at 242-254 and 342-358 rnp. 

dHSXC4 
h4c 2 

R.H;X-N& 
R=t+;X=H 

Scheme2 

HzN--NH-Ph z:$ 

Using the Wittig reaction, higher c&unsaturated ketose derivatives, having 
substituents at C-I, were synthesised from the acetylated aidehydo forms of n-glucose, 
D-galactose, and n-mannose, using (acetyl- and aroyl-methyIene)triphenylphospho- 
m&s.. The structures of the ketose derivatives were examined by i.r. and U.V. spectro- 
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scopy. In the deacetylated products, the presence of acyclic ketose structures was 
indicated by periodate oxidation studies. Certain properties of the ketose derivatives 
are influenced by the nature of the substituent at GI. The Wittig reaction enables 
oletic bonds to be introduced into monosaccharides which may then be converted 
into 2,3-dideoxy derivatives. 
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INTRODUCTION 

Although much is known’ about the relative stabilities towards acid of cyclic 
acetal derivatives of carbohydrates, corresponding information on cyclic ketals is 
meagre. In the majority of cases, acid-catalysed condensation of ketones with cyclic, 
and acyclic, polyhydric alcohols affords J,3-dioxolan derivatives and, for such com- 
pounds containing isolated ketal rings, the stability sequence a-fhreo** >a in acid 
hydrolysis is well established2; the sequence a=:-erythro has been observed in one 
case3. The formation of I,~-dioxane derivatives in ketone-carbohydrate reactions 
is relatively rare, and, until recently, only cyclic polyhydric alcohols had been found 
to give products of this type; in these cases, the J,3-dioxan ring was part of a fused-4 
or bridged-&2 system. The direct, acid-catalysed condensation of acylic polyhydric 
alcohols with acetone has now been found to give J&dioxane derivatives in certain 
cases3’6’7 , and other compounds of this type have been obtained indirectly’. A compa- 
rison of the relative stability towards acid of U-isopropylidene derivatives involving 
isolated r,@oxane and r,3-dioxolane rings has thus been made possible. 

For example, I,@-isopropylideneglycerol is noticeably3 more sensitive 
towards acid than is the 1,2 derivative, and the sequence a>/3 has been observed4 for 
a compound containing an isolated a-ketal and a fl-ketal which was part of a ring 
system of the cis-decalin type. However, this stability sequence is reversed8 where 
the fl-ketal is part of a ring system of the cis-hydrindanone type. We now present 
corroborative evidence for the latter observation, together with further results which 
indicate the stability sequence &erythro >cz for compounds containing isolated ketal 

rings. 

RESUL.TS AND DISCUSSION 

The acid-catalysed acetonation of D-gf)cero-D-gz.&heptono-r,+lactone yields’, 
principaliy, the 3,5:6,7-di-U-isopropylidene derivative (1). An analogy is provided 

*Present address: Chester Beatty Research Institute, Institute of Cancer Research, Royal Marsden 
Hospital, Fulham Road, London, S.W.3. 
**See Carhohycirate Research, I (1965) 329. for an explanation of this nomenciature. 
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by D-glucurono-6,2-lactone diethyl dithioacetal, which yields6 a 2,4-0-isopropylidene 
derivative, presumably with contraction in size of the lactone ring. Compound 1 

provides an indirect route for the synthesis of diketals 2 and 3. Thus, reduction of 
diketal 1 with sodium borohydride gave r,z3,6-di-0-isopropylidene-L-glycero-L- 
gulo-heptitol (2) (isolated as the monohydrate), which was readily converted into 
1,2:3,5-di-O-isopropylidene-~gulitol (3) by oxidation with periodate and subsequent 
reduction with borohydride’. 

f- f” 
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I 
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0 I 
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I 
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The graded, acid hydrolysis of di- and tri-ketal derivatives of polyhydric 
alcohols may be conveniently followed 3*4 by using n.m.r. spectroscopy to observe 
the change in pattern of the signals for the protons of the isopropylidene Me groups. 
The n.m.r. spectrum (methanol-water, 3: I) of diketal1 showed, inter alia, Me proton 
signals at r 8.64,8.74, and 8.79, having integrated areas in the ratio ca. I:I:~. Addition 
of toluene-p-sulphonic acid to the aqueous methanolic solution resulted in simplifi- 
cation of the Me proton resonances to two signals, of similar integrated areas, at 
r 8.64 and 8.79. This pattern was also exhibited by the monoketal formed on brief 
treatment of compound 1 with o.rN hydrochloric acid at 3o-40”. The monoketal was 
identified as 3,5-O-isopropylidene-D-glycero-D-gulo-heptono-I,glactone (4), since 
reduction with sodium borohydride converted it into an optically inactive heptitol 
derivative 5 which consumed I.9 mol. of periodate without liberation of acid. 

In aqueous methanol containing toluene-p-sulphonic acid, both ketal groups 
were removed from compounds 2 and 3 although, in each case, a slight difference in 
rate could be discerned from the change in the relative intensities of the signals for 
the Me protons in the n.m.r. spectrum. Graded, acid hydrolysis was best carried out 
in 0.1~ hydrochloric acid at room temperature. In this manner, compound 2 was 
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Gori# recorded m.p. 158--160”, [ajn +II” (methanol), for this compound prepared 

by an alternative route. The t.1.c. properties (RF 0.6) and X-ray diffraction patterns of 
the two com,_~sunds were indistinguishable. 

Compound 6 rapidly consumed 0.95 mol. of periodate, and afforded a single 
product (R, 0.7) which was hydrolysed in aqueous solution at 50’ for 2 h with Amber- 

lite IR-120 (Hf form, 0.5 ml) to give a product having indistinguishable properties 
from those of D-xylose on paper chromatograms. 

The n.m.r. spectrum of compound (3) in methanol-water (3:1) showed Me 
proton signals at r 8.69, 8.74, and 8.81 (strength ratio, ca. 1:2:1); monoketal (6) 
gave corresponding signals at 8.74 and 8.81 (strength ratio, ca. IX). 
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SUMMARY 

Evidence is presented which supports the sequence &erytlzro>a for ketal 

stability in the graded, acid hydrolysis of 3,5:6,7-di-O-isopropylidene-D-glycero-D-gull- 
heptono-r,4-lactone (l), 1,2:3,5-di-O-isopropylidene-~-glycero-~-gulo-heptitol mono- 
hydrate (2), and I,z:3,5-di-O-isopropylidene-L-gulitol(3). 
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INTRODUCTION 

One of the most characteristic properties of a starch is its “iodine affinity”. 
This quantity is most readily determined from a potentiometric determination of the 
iodine-binding properties of starch’ .‘, and it enables an estimate of the amylose content 
to be made. In the case of the amylomaize starches, however, the iodine-binding curves 
are of an unusual shape. In an earlier part of this Series3, we showed the graphs of the 
potentiometric iodine-titration curves for two samples of amylomaize in comparison 
with that for a sample of regular maize. It was found that the binding of iodine for 
an amylomaize starch occurred more slowly, and terminated at a higher free-iodine 
concentration, than is usual for a normal starch. The abnormal shape of the titration 
curve made the extrapolation to zero free-iodine concentration, to obtain the iodine 
affinity, extremely haphazard. We think that it is most significant that no potentiomeiric 
titration-curves are shown even in the orignal literature for these starches4. Esti- 
mations of the percentage of amylose material in the amylomaize starch are therefore 
extremely difficult to make. 

In this paper, we have made extensive studies of the iodine-binding capacity 
for amylomaize starches having a wide variety of amylose contents. From studies 
on the analogous starch of high amylose-content from the wrinkled-seeded pea5, 
it has been shown that an abnormal, potentiometric, iodine-binding curve is a charac- 
teristic of amylomaize starch only. Experiments are described which provide an 
explanation of the iodine-binding behaviour of the amylomaize in terms of the 
presence of short-chain, amylose-like material. 

RESULTS AND DISCUSSION 

An essential prerequisite for a satisfactory potentiometric titration with iodine 
is complete dispersion of the granules. The procedure we have used to datezp3 has 
involved dispersion of the starch to o. I Y0 concentration in 0.2M potassium hydroxide 
by shaking overnight at 15~. (Some samples of starch may require further heating 
for 3 min at g8”, or the use of stronger alkali, but these variations in procedure have 

*For Part Vi, see Stiirke, 18 (1966) 240. 
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been found to have no effect on the resulting titration curves’.) SoIutions were then 
neutrahsed prior to titration. 

This dispersion procedure was applied to a sample of amylomaize having a 
reputed amy?ose-content of70%, i.e., with an expected iodine afhnity of about 14%. 
The iodine titration curve obtained was comparable to that reported earlier3. No 

adequate extrapolation to obtain the iodine affinity could be made, but it was apparent 
that the Ievel of iodine sorption of 14% was not attained (Fig. I, curve I). 

5 10 
Free iodine (x106 Ml 

[. Potentiometriciodine-titration curves at zoo for (I) Amylomaize HA70: dispersion-o.zM KOH 
neutralization; (2) Wrinkled-seed pea starch: dispersion-o.zM KOH and neutralization; 

(3) Amylomaize IL470; dispersion-IM KOH and neutralization; (4) Amylomaize HAj’o; dispersion 
-1r.l KOH, neutralization and heating at 70°C; (5) ArnyIomaize NATO: dispersion as in (I), dotted 
Iine indicates an interruption of rh in the titration; (6) Amylomaize NATO: dispersion in dimethyl sul- 
phoxide (see Discussion). 

It was then shown that this abnormal behaviour was not solely a function of a 
high amylose-content by measuring the adsorption curve for the starch of the wrinkled- 
seeded pea’. After our normal dispersion procedure, the sample gave essentially 
the same shape of curve as for a normal starch, except that the iodine affinity was 
correspondingly higher (see curve 2 in Fi g. I); the found value of 12.4% is in excehent 
agreement with our earlier estimation. It appeared, therefore, that the abnormal curve 
obtained for the amylomaize sample was a characteristic for that starch. 

Various methods were then tried to increase the extent of “dispersion” of the 
sample. 

Dispersion of the starch granules. 
The use of M potassium hydroxide for dispersion was found to yield higher 

iodine-binding curves (see Fig. I). It thus became apparent that increasing severity 
of dispersion (by increasing the molarity of alkali, by heat, by shear, or by combinations 
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of these) increased the apparent capacity of the amylomaize starch to bind iodine. 
It also appeared that this starch required titration to much higher levels of free-iodine 
concentration before uptake of iodine even tended to become lfnear. In the differential 
titration tectrnique trsed, this mearK*that the titration poinB obtaitied at high concen- 
trations of iodine were less precise. It was observed also that interruptions of I h or 
mdre during the titration gave rise to an abrupt step-up in the graph (Fig. I, curve 5). 
This is in contrast to the behaviour of ordinary, low-af6nity starches, where the shape 
of the curve was found to be completely independent of time. This behaviour suggested 
that the “solutions” of amylomaize starch still contained aggregates, or m&Ales, 
which required time in order to react with iodine. 

The use of dimethyl sulphoxide for better dispersion of the amylomaize starch 
was then examined. Preliminary experiments6 established that the hydrous amylo- 
starch could be dispersed directly, to 7 % concentration (w/v), in dimethyl sulphoxide 
during 2 h at 15O, with gentle agitation. Aliquot portions of this solution (0.1 ml; 
c 68 mg per ml) were then added directly to the iodine-titratiori cell (volume, 850 ml). 
Stability and replication of the adsorption curve were found to be excellent, and 
the indicated affinity-values were the highest obtained for this starch, as shown by curve 
6 in Figure I. 

The presence of dimethyl sulphoxide (cu. O.OI%, v/v) was shown to have no 
effect on the iodine titration. For example, the adsorption curve for potato amylose 
was identical when the sample was dispersed (r) by our usual procedure, and (2) in 
dimethyl sulphoxide solution and added to the titration flask directly. Further, the 
iodine-titration curve was found to be essentially the same when the dimethyl snlphox- 
ide was removed prior to the titration. This was achieved by heating an aliquot 
portion of starch dispersion on a boiling-water bath in a gentle current of nitrogen, 
with additions of water. After final removal of liquid, the starch product, on either 
direct redispersion in hot water, or on dispersion in o.5hi potassium hydroxide and 
neutralization, gave replicable graphs, as found on direct titration of the dispersion. 
Potato and maize starches also gave the same result. 

The iodine-binding curve was unaltered, furthermore, when the amylomaize 
was precipitated from dimethyl sulphoxide solution with acetone, dried with acetone, 
and then re-dispersed in dimethyl sulphoxide solution prior to titration. (This solubi- 
lization procedure will be discussed elsewhere6). 

Iodine-titration curves for amyIomaize starch 

It appeared that the use of dimethyl sulphoxide for dispersion gave the most 
satisfactory iodine-titration curves. This is in agreement with the results of other 
techniques for studying the solubilization of amylostarches6. The progress of the 
titrations, and the resulting graphs, however, were much the same as those previously 
obtained; there was no sharp infletion-point, and the titrations had to be taken to 
high levels of free-iodine concentration. 

In order to investigate whether the abnormal CUNes were a result of the presence 
of contaminating protein or fat, the sample of amylomaize of 7o”A-amylose content 
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(WA 70) was treated with dilute sodium hydroxide (0.05~) in an attempt to solubilize 
traces of residual protein, and then the alkali-treated sample was exhaustively defatted 
with methanol. No difference in the titration curves was found after these treatments, 
and so it appeared unlikely that the observed effects were caused by protein or fat. 

Since it had been observed in other experiments with amylomaize6, that aqueous 
dilutions of dimethyl sulphoxide solutions may become turbid on standing, the effect 
of “ageing” in the electrolyte on the subsequent iodine-titration pattern was examined. 
Aliquot portions of a solution of HA-70 amylomaize were mixed with electrolyte 
to give concentrations of starch of 0.001, 0.01, and 0.1%. To enhance any possible 
instability, the solutions were then stored at 6” for 18 h before titration. The curves 
obtained (Fig. 2) indicated no significant change in the pattern of binding by ageing, 
at concentrations of starch of 0.001 and 0.01%; ageing at o. I % concentration, however, 
gave rise to a greatly depressed binding-pattern as shown in Figure 2. As our titrations 
are normally carried out within the hour at a starch concentration of 0.001 %, at 2o”, 

ageing can have no effect on the result. 

._ 
Free iodine bc106 M) 

Free iodine (x106~k 

-4 

-3 

1:: 

Fig. z. Effect of pretreatment by ageing of various concentrations of starch HA70 for 18h at 6” 
in O.OIM potassium iodide: (I) 0.001 oA starch; (2) 0.01 o/e starch; (3) 0.1 oA starch. 

Fig 3_ Potentiometric iodine-titration curves at zoo for amyIomaize starches after dispersion in dime- 
thy1 sulphoxide: (I) HA57; (2) HA62; (3) HA67; (4) ITATs. 

The abnormal iodine-titration curve appeared to be, therefore, a characteristic 
of this sample of amylomaize. A series of starches having apparent amylomaize- 
conteats of 57,62,67, and 75 ‘A were then titrated, using the method of prior dispersion 
in dimethyl sulphoxide. The results are shown in Figure 3.AIthough replications of the 
titrations were excellent, there was still no definitely linear portion of the curve from 
which to make an unambiguous extrapolation to zero free-iodine concentration, in 
order to obtain the “iodine affmity” by the method of Anderson and Greenwood2. 
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It is to be noted that the shapes of the curves also preclude the use of the method 
suggested by Bates et al.’ for determining iodine affinity. All that can be said is that 
the reIative order of iodine sorption is in agreement with the apparent amylose-content. 

Iodine-titration curves for synthetic mixtures of amylose and amylopectin 
In earlier work on amylomaize sParches3, we have suggested that the properties 

of the abnormal, 36-unit amylopectin found in these starches can be attributed to the 
presence of short-chain, amylose-like material in addition to normal amylopectin. 
It appeared very likely, therefore, that this material might be causing the characteristic 
iodine-titration curve for the whole starch. 

Short-chain amylose was prepared from the normal amylose from HA70- 
amylomaize (Fig. 4, curve I) by degradation with B. subtilis cr-amylase. This procedure 
yielded degraded amyloses I [average chain-length (C.L.), 27; E.,,, 565 mp], II (CL., 

71; &ll,, 585 mp), and III (C.L., 125; ;I_, 600 mp). The iodine-titration curves for 
these samples are shown in Figure 4. 

t- 
20 - 

15- 

lo- 

5- 

0 
A 

5 10 
Free iodine(x106 Ml 

Fig. 4. Potentiometric iodine-titration curves at 20“ for (I) amylose from starch HA70; (2) degraded 
amylose III; (3) degraded amylose II; (4) degraded amylose I: (5) normal maize amylopectin. 

It was first established that a 30:70 (w/w) mixture of normal amylomaize 
amyIose (Fig. 4, curve I) and normal maize amylopectin (Fig. 4, curve 5) gave, in 
contrast to that for starch HATO, a curve of regular shape, from which the iodine 
afEnity was readily obtained (Fig. 5. c-urve 2). This experimental value (13.7’A) was, 

in fact, equivalent to the calculated one of 14x, within experimental error; &,, for 
this sample was 620 rnp. 
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The iodine-titration curves for various mixtures of normal amylose, normal 
amylopectin, and degraded amylose were then determined, as shown in Figure 5_ 

5 10 

Free iodine (~10~ MI 

15 

Fig. 5. Potentiometric iodine-titration curves at 20~ for various synthetic mixtures: (I) HA7o-starch, 
Am, 600 rnp; (2) AmyIose:amylopectin(70:30, w/w), 2 mnx 620mp; (3)AmyIose:amyIopectin:degraded 
amylose 1 (gr36r27, w/w), .&, 580 m[r; (4) Amylose:amylopectin:degraded amylose 11 (40:30:30, 
w/w), &,,a, 605 mp; (5) AmyIose:amylopectin:degraded amylose I (60:30:10, w/w), ilmn 590 m,u; 
(6) Amylose:amyIopectin:degraded amyIose III (55~5~30, w/w), I milx 600mp; (7) AmyIopectin:de- 
graded amylose 11 (7~28, w/w). &,, 570 rnp; (8) 3dunit amylopectin, &, 570 rnp. 

It can be seen that the adsorption curves foi these mixtures gave rounded, 
infiexionless curves which are similar to those found for amylomaize starch. In 
particuiar, the mixture amylose:amylopectin:degraded amylose III (50:15:30 w/w; 
&_ 600 rnp) gave a graph which approximated very closely to that for HA7o-starch 

(&,, 6oo mp). 
An analogous result was obtained when the iodine-binding characteristics of a 

mixture of normal amylopectin and degraded amylose II (72:28 w/w; Aa_ 570 rnp) 
were compared to those of the abnormal, 36-u& amylopectin (&,,, 570 mp); the two 
adsorption curves were comparable, as shown by curves 7 and 8 in Figure 5. 

Conclusions 

The fact that the addition of short-chain amylose to mixtures of normal amylose 
and amylopectin, and to amylopectin, permits simulation of the iodine-titration curves 
for amylomaize starch and 36-unit amylopectin suggests, very strongly, that the 
anomalous behaviour of these materials is due to the presence of degraded, amylose- 
like polysaccharide. It is likely that the proportion of this material present will vary 
with the type of amylomaize starch, and increase with an increase in apparent-amylose- 
content. 

The iodine-titration curve for the high amylose-content starch from wrinkled- 
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seeded peas has a normal shape, and this suggests that the proportion of degraded, 

amylose-like polysaccharide in this starch is less than that in amylomaize. 

Materials 
The isolation and purification of the amylomaize starches has been described 

elsewhere’. Starches HA57, HA62, HA67, HA7o, and HA75 are reputed to contain 

57,62,67,70, and 75 oA of amylose, respectively. The fractionation technique for starch 

HA70 was as described in an earlier part of this Series3. 
Degraded amylose was prepared by the action of crystalline B. subtilis a-amylase 

(Sigma Chemical Corporation) on amylose from starch HA7o. Portions of the digest 

were removed at intervals, and the polysaccharide was precipitated with acetone. 
Properties of the resulting products are shown in Table I. 

TABLE I 

PROPERTIES OF DEGRADED AMYLOSE 

Sample [qla Chain length0 && Complex formation@ 

I 17 27 
I1 25 71 

III 57 125 

565 None 
585 None 
600 None 

aLimiting-viscosity number in dimethyl sulphoxide. aMeasured by enzymic assays. CWavelength of 
maximum absorption of the iodine complex in millimicrons. aWith butan-I-o]. 

Titration procedure 
The procedure for the potentiometric iodine-titration was that of Anderson 

and Greenwood2, except where the dispersion procedure was modified as described 

in the Discussion_ 

Solutions at the end of the iodine titration were used directly to study the 
absorption spectra of the iodine complexes in the range 4oo-700 rnp. 
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SUMMARY 

The abnormal character of the potentiometric iodine-titration curves obtained 
at 20~ for amylomaize starch are not a direct result of the high amylose-content, 
since the comparable starch from the wrinkled-seeded pea gives a normally-shaped 

iodine-titration curve. It has been found that the relative extent of binding of iodine 
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by an amylomaize depends on the method of dispersion of the starch granules. The 

use of dimethyl sulp&Xide gave th& most satisfactury iodine-binding curve. Residual 
contaminating protein and fat in the starch, and the inherent instability of the disper- 
sion, do not influence the titration. 

Potentiometric iodine-titration curves have been obtained for a series of amylo- 

maizes having apparent amylose-contents varying from 57 to 75%. Although the 
relative order of iodine sorption was in agreement with the apparent amylose-content, 

the curves possessed no point of inflexion, and estimations of iodine afkity were not 
practicable. 

Short chain-length amylose has been prepared, and added to normal amylopectin 
and to mixtures of normal amylose and normalamylopectin. It has been found that the 
iodine-binding characteristics of such mixtures resemble those of the anomalous 

36-u& amyiopectin and amylomaize starch. The significance of this finding is discussed. 
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Chromato8raphic methods are extremely valuable in separations of complicated 
mixtures containing sugars and sugar alcohols. Several comprehensive reviews have 
been published in recent years’. Great progress in gas-chromatographic work was 
reported recently by Sawardeker et d.‘, who demonstrated excellent separations of 
alditols after esterification with acetic acid. With complicated mixtures of mono- 
saccharides and alditols, several disadvantages arise in the gas-chromatographic 
methods. 

In earlier papers, it was demonstrated that partition chromatography on ion- 
exchange resins3, with automatic determination of the eluate concentration4, is an 
efficient method of analysis for complicated mixtures of monosaccharides. The 
advantages of this method, over the gas-chromatographic methods, are that many 
other substances, which are present in hydrolysates from materials of biological 
origin and in various technical liquors, do not interfere, and that the monosaccharides 
can be separated directly without preparation of any derivatives_ This Paper describes 
the application of automated chromatography 
using ion-exchange resins. 

ANAJLYSING SYSTEM 

to mixtures of alditols and aldoses, 

No automated methods for the calorimetric determination of sugar alcohols 
seem to have been published previously, whereas several methods for sugar analysis 
have been described. Alditols are easily oxidized by periodate and give rise to formal- 
dehyde which can be determined by several calorimetric methods. In this work, the 
color reaction with pentane-2,gdione was chosen, and guidance in the choice of 
working conditions was obtained from the manual method5. It was observed that the 
color developed somewhat more slowly in aqueous ethanol than in water. To 
decrease the time of reaction, a higher reaction temperature (809, compared with that 
used in the manual method, was chosen. A linear relationship between the absorbance 
and the formaldehyde concentration was observed under these conditions. 

Before the calorimetric determination, the unreacted periodate was reduced to 
iodate or iodide (depending on pH) by addition of sodium arsenite. This precaution 
is necessary, since periodate destroys the color. All operations were carried out in a 
Technicon Autoanalyzer. The eluate was pumped by means of Yellow-Tygon 
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tubing, whereas the other tubing was made of Tygon. Two oxidation methods were 
applied. 

In Method A (see Fig. I), the oxidation was carried out at pH 7-5 for about 

3.5 min. Under these conditions, formaldehyde was formed in high yield, both from 

Z-dione l.2 mlfmin 

-I-- 
Coforime-@er Recorder 

Fig. I. Outline of analysing system. 
Method A. Composition of reagents: Periodate: 0.015~ HI04 neutralized with NH3 and buffered to 
pH 7.5 with a phosphate buffer (100 mI/l). Arsenite: o-s%% NaAsOz, neutralized with HCI to pH 7_ 
Pentane-z,4-dione reagent: 2,~ ammonium acetate, 0.05M acetic acid and O.OZhI pentane-2++-dione 
Method B: Periodate: 0.015hl NaI04 in 0.12M HCI. Other reagents, as in Method A. 
The absorbance at 420 mp is measured in a 15-mm flow cell. 

alditols and aldoses. A slight precipitation was observed after the addition of both 

periodate and arsenite, but, before passing into the heating bath, the solution was 

clear. A small amount of precipitate in the coils and tubings was removed by washing 
with dilute hydrochloric acid at intervals of 4 days. With well separated mixtures of 
sugar alcohols and sugars, this method has the advantage that all solutes can be 
determined in a single photometric channel. With complicated mixtures containing 

a great number of compounds of both types, overlapping between elution curves 

corresponding to sugars and sugar alcohols can jeopardize their quantitative deter- 
mination. 

In some of the experiments described in this Paper, therefore, the sugars were 
determined by the orcinol method6 in one channel, and the sugar alcohols in another 
channel, using periodate oxidation at pH I under otherwise unchanged conditions 

(Method B). Under these conditions’, the yield of formaldehyde from most alditols 

is higher, whereas most sugars give rise to negligible, or very slightly interfering, 
amounts of formaldehyde. No precipitation was obtained after addition of the oxidant, 

whereas a slight haze was observed after the arsenite addition. Calibration tests 
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showed that there was a linear relation between the absorbance and the amounts of 
added alditol. 

Chromatographic conditions. - The chromatographic separations were made 
under conditions similar to those reported earlier*. The elutions were carried out at 
various temperatures and ethanol-water concentrations. 

Two batches of strongly basic anion-exchange resins, in the sulphate form, 
were used. One of the resins (T4) had a particle size of 10-35 p and an exchange 
capacity of 3.7 mequiv./g of dry resin (Cl-form). The other resin (TgB; 3-17 p) had 
a higher exchange capacity (4.2 mequiv./g). The resins were kindly supplied by 
Dr. H. W. Holy, Technicon Instruments Co., Chertsey, Great Britain. In the micro- 
column, a fraction of TgB having a particle size of IO-IS ,u was employed. 

Chromatographic separations. - A typical chromatogram, obtained by elution 
of a mixture of several alditols and aldoses with 86% ethanol at 75.5”, is reproduced 
in Fig. 2. In this experiment, the eluate was analysed by periodate oxidation according 
to Method .4, which gives a strong response both with the alcohols and the sugars. 
It is seen that most of the solutes are well separated from each other. For the sugar 

X-I 

A-i 

~ 

a 

2-- 

A 

G-l 

M-l 

Eluute volume. ml 

Fig. 2. Separaticn of various alditols and monosackharides in 86% ethanol at 75.5”. \ 

Resin bed, 6 x 852 mm, T5B. Flow rate, 2.51 ml. cmm2 .,min-l. 
Glyc = glyctrol, 0.05 mg; E-l = erythritol, 0.05 mg; X-l = xyiitol, 0.1 mg; A-l = arabinito], 
0.1 mg; G - 1 = glucitol, 0.2 mg; Ga - 1 = galactitol, 0.2 mg; M - 1 = mannitol, 0.2 mg ; A = arabi- 
nose, 0.3 mg; X = xylose, 0.3 mg; M = mannose,o. I mg; @i = galactose, 0.6 mg; Gl = glucose, o.6mg. 
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alcohols, the curves corresponding to galactitol and mannitol overlap to such an 

extent that accurate determination is prevented. Similarly, mannose and galactitol 

were incompletely separated from each other. 

Ii A-l 

Fig. 3. Separation of various alditoh and monosaccharides in 89% ethanol at 78.5”. Determination 

of monosaccharides with the orcinol method (full Ike), and alditols with the pcntane-n,+dione 
method (broken line). 
Resin bed, 6 x 915 mm, T5B. Flow rate, 3.16 ml-cm-2_min-1. 
Glyc = glycerol, 0.05 mg; X - I = xylitol, O. I mg; A - 1 = arabinitol, o. I mg; G - I= glucitol, 0.2 mg; 
Ga - I= gatactitol, 0.2 mg; M - I= mannitol, 0.2 mg; Di = digitoxose, 0.05 mg; 2d - Ri = z-deoxy- 
ribose, 0.2 mg; 2d - Ga = s-deoxy-galactose, o. I mg; Rh = rhamnose, 0.05 mg; F = fucose, 0.05 mg; 
Ri = ribose, 0.2 mg; L = lyxose, 0.2 mg; A = arabinose, 0.3 mg; X = xylose, 0.3 mg; M = mannose, 
0.3 mg; Ga = gaIactose, 0.6 mg; Gl = glucose, 0.6 mg. 

Fig. 3 shows a chromatogram for an analysis in which, in addition to common 

hexoses and sugar alcohols, various deoxy sugars were present. The eluate was analysed 
both with the orcinol method, which gives no color reaction with the alcohols, and by 
periodate oxidation according to Method 23, which gives only a weak response with 
the sugars, but a strong response with the alcohols. By using this technique, the sugars 
can be determined quantitatively in the orcinol channel without interference from 
overlapping sugar alcohols. Similarly, accurate determinations of the sugar alcohols 
can be carried out even if the separation from some sugars is far from complete. A 
higher concentration of ethanol and a somewhat longer column were used for thisanal- 
ysis, compared with that represented in Figure 2. This explains the improved separa- 
tion of galactitol and mannitol, and the complete separation of mannose fromgalactitol. 

In the analysis reported in Fig. 2, about I I h were required to elute the last 
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sugar alcohol. In the chromatogram reproduced in Fig. 3, the corresponding time was 
16 hours. The time can be shortened by using a resin having a more uniform size of 
particle; an example of a rapid separation of some sugar alcohols with a uniform resin 
is given in Fig. 4. In this experiment, the total time of elution was less than 2 h, includ- 
ing the time for loading the column. It is seen that the curves corresponding to 
xylitol and arabinitol, under these conditions, showed some overlapping which has no 
se?ious influence upon the evaluation of the chromatogram for quantitative purposes. 
By increasing the column length oriethanol concentration, a complete separation was 
achieved, although a longer time of elution was required. The chromatogram repro- 
duced in Fig. 4 was obtained with a column having an inner diameter of 2 mm. Only 
a 5o-pg sample of each sugar alcohol was added and, although no scale expansion was 
applied, the height of the peaks were 15-22 cm; this shows that the method is suitable 
for microchemical work. 

4 

4( 

3( 

2( 

l( 

Eluate volume, ml 
20 40 60 

Temperature, Co 

60 

Fig. 4_ Separation of various alditols in 86% ethanol at go”. 
Resin bed, z x 650 mm, T5B. Flow rate, 16.2 ml. cm-z. min-I. 
E-l = erytmitol, o.o5mg; X-l = xylitol; 0.05 mg; A-l = arabinitol, 0.05 mg; G-l = glucitol, 
0.05 mg; M -I= mannitol, 0.05 mg. 
Fig. 5. Distribution coefficients of alditols in 88% EtOH at various eIution temperatures on resin T4. 
+ , erythritol; X , xylitol; l , ribitol; A, arabinitol; q , glucitol; 0, mannitol. 

From the peak elution volumes recorded in a great number of analyses at 79, 
with water-ethanol mixtures of varying composition, the volume distribution coeffi- 
cients (D,) were calculated in the usual manner ‘. The results obtained with the two 
types of resin are reproduced in Tables I and II. For comparison, results obtained 
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withsome sugars are included in Table II. In agreement with the results reported 

earlier for a few polyhydric alcohols lo, the distribution coefficients increase with an 
increased ethanol concentration. It is noteworthy that the order of elution of the 

alcohols, as well as that of the monosaccharides, is independent of the ethanol 

concentration and is the same with both resins. The distribution coefficients are higher 

with the resin which has the highest exchange capacity. Similarly, the separation 

factors (ratio between the distribution coefficients) are somewhat better with the high 

capacity resin. These results are in agreement with earlier observations for mono- 

saccharides4*‘. 

TABLE I 

VOLUME DISTRIBUTION COEFFICIENTS OF ALDITOLS, AT 75” AND VARIOUS ETHANOL CONCENTRATIONS, ON 

RJZXN l-4 

76% 80% 84% 88% 90% 

Erythritol 1-87 2.25 3.01 4-38 5.93 

Xylitol 2.51 3-32 4.85 7-72 IO.55 
Ribitol 5.38 8-73 11.08 

Arabinitol 2.79 3.80 5.49 9.02 12.87 
Ghcitol 3.97 5-79 9.25 16.60 24.40 
Galactitol 11.83 21.68 

Mannitol I I-94 22.21 33.75 

TABLE II 

VOLUME DISTRIBUTION COEFFICIENTS OF ALDITOLS AND MONO.SACCHABIDES, AT 75” AND VARIOUS ETHANOL 

CONCENTRATIONS, ON RESIN T5B 

84% 86% 88% 90% 84% 86% 83% 90% 

Glycerol 1.72 2.07 2.34 2.68 Mannitol 13.83 1g.m 27.50 40.20 
Erythritol 3-39 4.15 5.19 6.16 Ribose 5.23 6.71 8.56 11.27 

Xylitol 5.49 7-09 9-17 12.14 Arabinose 8.04 IO.41 13.75 18.50 

Ribitol 6.12 7.91 10.38 14.00 Xylose 9-79 12.79 17.32 23.70 

Arabinitol 6.31 8.25 IO.90 14.70 Mannose 12.43 16.73 23.45 33.40 
Glucitol 10.64 x4.28 20.15 28.60 Galactose 17.05 23.77 34.00 49.10 

Galactitol 13.18 17.20 Glucose 20.29 28.09 41.20 60.70 

With the potassium form of a sulfonated styrene-divinylbenzene resin, the 

distribution coefficients increased in the order: ethylene glycol -K glycerol < manuitol 

-C glucitol, indicating that the uptake increases with an increased number of hydroxyl 

groups in the solutes, and that individual differences appear among isomeric sugar 

alcohols”. The results given in the Tables confirm that the same holds true with the 

sulfate form of anion-exchange resins. Interestingly, the order of elution of matitol 

and glucitol is reversed. This fact demonstrates that the interaction forces between 

the ions inside the resin and the alditols have a great influence upon the distribution 

coefficienis. 
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Most of the alditols exhibit lower distribution coefficients than the corresponding 
aldoses. Ribitol and m&to1 are exceptions to this rule and appear after ribose and 
mannose, respectively. No simple rule seems to be valid for the order of elution of 
various isomers. Similarly, it has not been possible to &d any simple rules valid for 

the elution of various isomeric monosaccharides. This is to ‘be expected, since the 
partition of the solutes is determined not only by the differences in solubility at various 
ethanol concentrations, but also by interaction forces with the resin. 

A systematic study was carried out in order to establish the influence of temper- 
ature upon the distribution coefficients and upon the shape of the elution curves. The 
results reproduced in Fig. 5 show that the distribution coefficients decrease with an 
increased temperature. This means that the solutes are eluted more rapidly at high 
temperatures. From a practical point of view, it is important that, at constant flow-rate, 
the pressure drop in the column decreases at high temperature. Similarly, the elution 
curves are sharper. A disadvantage of working at very high temperatures is that the 
separation factors are Iess favorable. As an example, it can be mentioned that the 
elution bands corresponding to ribitol and arabinitol overlapped seriously in analyses 
at gs”, whereas an excellent separation was achieved at 40~. 

Reproducibility in quantitative analysis. - As already mentioned, a linear 
relationship exists between the absorbance and the amounts of added alditols. Hence, 
a quantitative evaluation of the chromatograms can be made using the same methods 
as in amino-acid analysis ” . The results obtained in five chromatograms of a complica- 
ted mixture, with each of the two analytical methods, are summarized in Table III. 
All runs were made with the same amount of added alditols and aldoses, and the 
mean areas corresponding to a o.2-mg sample are given in the first two columns. It 
is seen that the response differs with different solutes. Large differences exist even 

TABLE III 

REPRODUCIBILITY OF THE AREAS OF THE ELUTION CURVES = (ABSORBANCE llt?K!3,3 ELUATE VOLUhtB) 

ErythritoP 
Xylitol 
Arabinitol 
Glucitol 
Mannitol 
Arabinose 
Xylose 
Galactose 
Glucose 

Mean areas Maximum deviation from mean, % 
Method A Method B Method A Method B 

8.15 13.2 
4.42 10.1 

10.1 10.3 

7.38 6.65 
g-60 8.96 

4.95 0.73 
5.02 < 0.2 

2.96 0.37 
4.27 0.13 

+ 1.4 (- x.6)= + 0.7 (- 0.9) 
+ 2.3 (-- 1.7) - I.3 (+ 0.4) 
+I.7 - 1.0 

- 3.6 (+ 2.1) + 2.0 (- 1.3) 
+2.1 (-2.6) -I- 0.4 (+ 0.6) 
+ 2.8 (- 1.2) 

- 7.4 (- 5.9) 
+ 3.7 (+ 1.8) 
- 3.7 (- 2.5) 

aColumn: 4 x 720 mm, TsB. Eluant: Ss% ethanol. Temperature: 769 Flow rate: 8.0 ml.cm-2. 
h-1. 

bA&ed 0.08 mg, instead of 0.20 mg as used with other solutes. 
cvducs in parenthesis refer to calculations with arabinitol as intemaI standard. 
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betweenisomeric solutes, which shows that the yield of formaldehyde is not quantitative 
under the conditions chosen. It is noteworthy that, with erythritol and xylitol, the 
oxidation in acid medium (Method B) gives a higher response than oxidation at pH 7.5 
(Method A), whereas, with the hexitols, the opposite holds true. 

To demonstrate the reproducibility of the method, the maximum deviation 
from the mean in the five experiments was calculated. In Method A, in which both 
alditols and sugars can be determined, the maximum deviation from the mean was 
3.6% with the alditols. One of the determinations of xylose was less reproducible, 
with a deviation of 7.4%. The data have also been recalculated using arabinitol as an 
internal standard. It is seen that, with this procedure, the maximum deviation decrea- 
sed to 2.6% for the akiitols (mannitol) and 5.9% for xylose. The large error obtained 
with xylose is explained by the overlapping with glucitol. 

Method B, which gives a much lower response with the sugars, is much more 
convenient for determination of the alditols in the presence of monosaccharides. It is 
seen that better reproducibility was achieved; the maximum deviation was 2%, and, 
by use of an internal standard, the deviation was lowered further. As mentioned 
previously, the sugars can be determined in a second channel, for example, by the 
orcinol method6. 
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An automated method for the determination of alditols and aldoses in compli- 
cated mixtures is described. The solutes were separated on a column of anion-exchange 
resin in its suIfate form, using water-ethanol as the eluant. The eluate was analysed 
automatically by periodate oxidation and subsequent calorimetric determination of 
released formaldehyde, using pentane-2,4-dione. 
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ACCESSIBILITY OF STARCH BY DEUTERATION 

M. KHAIRY S. MOR~I* AND CLARENCE STERLING 

Department of Food Science and Technology, Uniuersisy of California, Davis, California 956x6 (U.S.A.) 

(Received May rgth, 1966) 

INTRODUCTION 

The amorphous fraction of a polysaccharide gel may be demonstrated by its 
physical characteristics or its chemical accessibility. One such measurement of accessi- 
bility is the relative amount of exchangeable hydroxyl hydrogen. Lang and Mason1 
used radioactivity determinations in demonstrating that hydrogen could be exchanged 
with tritium in both cellulose and starch, and indeed they estimated that cellulose had 
7x-73 % accessible protons on the hydroxyl groups and that the accessibility of amylose 
and of amylopectin was IOO~%. In essence, the indication was that there were no 
inaccessible, i.e. crystalline, regions in these starch materials despite X-ray evidence 
of crystallinity in their amylose sample. 

Similar results were obtained by Taylor et aL2. They immersed samples of 
native starches, amylose, and hydrolyzed amylose in liquid deuterium oxide. On the 
basis of their calculations, which were based on weight, all samples approached IOO % 

exchangeability with deuterium after I h immersion. These investigators concluded 
that although crystalline regions are present, the hydroxyl hydrogens in these regions 
are also completely exchangeable, regardless of the crystalline type. 

On the other hand, Ceh and HaGi found that the infrared spectrum of deut- 
erated amylose film retains the OH absorption band and that accessibility (measured 
by the relative areas under the OH and OD peaks) decreases as the film ages. Similarly, 
Horitsu4 showed with infrared spectra that regions inaccessible to deuterium (vapor) 
exchange are present in native starch and to a lesser extent in modified starch. 
However, Taylor et aL2 suggested that equilibrium with deuterium oxide was not 
attained by Ceh and HadZi3 during several half-hour deuterations in the vapor phase 
and stated “it cannot be concluded that resistant hydroxyls have been demonstrated 
in their work”. 

Because inaccessible regions have been shown both in cellulose5*6 and starch7 
by various techniques, it seemed useful to use infrared methods to re-examine the 
question of accessibility and deuterium exchange in starches that had been immersed 
in liquid deuterium oxide, after the suggestion of Taylor et aZ_‘. 

*Present address: Food Technology Department, Cairo University, Giza, Cairo, Egypt, U.A.R. 
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MATEEUALS AND METHODS 

The following samples were used: (I) Native potato starch, which was washed 
from comminuted fresh tubers, mixed with methanol and decanted 3 times, defatted 
with ethanol for 48 h in a Soxhlet extractor, and dried in vacua (IOO p Hg) at 70~; 
(2) “Nepol” amylose (Staley Mfg. Co.), which was purified once with I-pentanol 
and 3 times with butyl alcohol’, and then was mixed with butyl alcohol at 3 o and 
decanted 4 times, and finally was stirred for 48 h with ethanol at room temperature, de- 
fatted, and dried as in (I); (3) amylomaize (native maize starch of high amylose con- 
tent), which was obtained from the American MaizeProducts Co. and defatted as in (I) ; 
(4) gelatinized, precipitated (“retrograded”) potato starch, which was prepared by 
heating 2 % potato starch in water under nitrogen at 70 O, then was held at 3” for IO 
days, frozen, and dried in vacua (IOO ,a Hg), and finally was ground to pass an 8o- 
mesh sieve; (5) cotton cellulose, which was extracted with an ethanol-benzene mix- 
ture, hot dilute hydrochloric acid, and hot dilute sodium hydroxideg. 

All starch samples had the BX-ray diffraction pattern. X-ray estimates of crystal- 
linity were made by the method of Hermans and Weidinger”v” for cellulose and by 
the same method, modified’, for starch. The samples were held at a constant relative 
humidity of 80% in a special chamber”. 

Before deuteration, the samples were sieved at 325 mesh(44 p). Deuteration was 
accomplished by suspending a sample in liquid deuterium oxide (5 D,O:I sample 
by gross weight) under nitrogen after the sample had been kept in vacuum under IO-'p 
Hg pressure for 24 h at room temperature and then brought in direct contact with 
an atmosphere of oil-pumped nitrogen. The deuterium oxide used (Matbeson, Coleman, 
and Bell Co.) had a reported purity of 99.5% deuterium, which was confumed by 
measuring the density in a specii%-gravity balance. The sample remained in deuterium 
oxide for 24 h and was then dried by evacuation (in the same sample-chamber) under 
IO-~~ Hg pressure for 48 h at room temperature. Oil-pumped nitrogen gas was admitted 
to the evacuated sample chamber, and the sample was transferred under positive nitro- 
gen pressure to hexachloro-r,3-butadiene (CC12=CClCCl=CCl,) as a suspension 
agent (minimal absorption in the range zooo-4500 cm-‘). 

The suspension (ground sample in hexachloro-r,3-butadiene) was placed between 
sodium chloride plates in a Beckman IR-5 spectrometer. Infrared spectra were obtain- 
ed for samples in both the original (protonated) and the deuterated states. Deter- 
minations were made for 3 different specimens of each sample, except for single samples 
of amyIose and precipitated potato-starch gel. 

REsuLTs 

In polysaccharides, the CH stretching frequency occupies the region near 
2900 cm -’ (Ref. 13), andthe OH stretching frequency lies between 3300 and 3400 cm-l 
(ref. 14 and 15). These are the only absorption peaks in the 2ooo-4500 cm-’ region. 
Upon deuteration, the OH peak decreases to a greater or lesser extent, and a large 
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new peak appears at about 2500-2600 cm-‘, the OD stretching frequencyaS4*6.‘6. 
In no case did the absorption peak at 3400 cm-’ (the OH stretching frequency) 
disappear. (Fig. I shows the transmission spectra of representative samples.) Measure- 
ment of the areas under the OH and OD peaks (after conversion of the vertical 
coordinate to transmittance and the horizonta1 coordinate to wave number”) per- 
mitted an assessment of the relative crystahinity of the samples: The calculation was 
based on assigning twice the area under the OD peak to the amorphous (accessible) 
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Fig. I. Infrared transmission spectra of samples after deuteration for 24 h in large excess of deuterium 
oxid:; the OD band, at about 2500 cm- 1, does not appear in spectra of undeuterated samples. A, 
cotton cellulose; B, amylose; C, native amylomaize; D, retrograded potato-starch gel; E, native 
potato-starch. Although abscissas are given in terms of wave number, they were recorded linear- 
ly with wave length. Peak-area calculations were based on wavenumber and transmittance as 
coordinates17. 

content of the sample and the area under the OH peak to the crystalline (inaccessible) 
content, the sum of the 2 areas being the basis for computation. [Theoretically, the OH 
intensity is greater than the OD intensity by a factor of 2 (ref. IQ.] The average 
relative crystalline content of each sample is given in Table I (the range of these 
values is about -J=6O%). Also-listed in this table are the crystallinity values that have 
been derived from the X-ray diffraction data. 
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DISCUSSION 

Regardless of the exact values for the ratios of integrated intensities (see below), 
it is evident that even, with longer periods of immersion in liquid deuterium oxide 
than those used by TayIor et aL2, there remain unsubstituted OH groups in these 
starch samples. Hence, there are inaccessible regions in starch, which may be conceived 

as crystalline in large part. 
The calculation of the integrated intensities has been based on the theoretical 

consideration of Wilson et aZ.‘* which relates, with qualifications, peak intensity 
inversely to the mass of the vibrating atom. Thus, if their qualifications be accepted as 

valid, Kor,/Ko, would be 2.0, which is the relationship used in this study. However, 
Mann and Mar&an6 estimated this ratio as 1.1 in viscose. Nevertheless, it seemed 
justifiable to use the higher value of 2.0 not only because of theory but also because 
of the fact that use of the lower value would yield crystalline contents much higher 
than are at all reasonable for starch or cellulose. 

TABLE I 

CRYSTALLINE CONTENT OF POLYSACCHARIDES 

Polysaccharide Method of determination 

Dearerium exchange X-ray diffraction 

% % 

Cellulose 68 70 
Potato starch (native) 24 28 
Potato starch (retrograded gel) 33 14 
Amylomaize 25 24 
Amylose 24 25 

A comparison of the figures in the two right-hand columns of Table I shows 

that the computation of crystallinity from infrared spectra gives values that agree 
essentially with those determined on the basis of X-ray diffraction. A major differen- 
ce, however, is shown for the retrograded potato-starch gel. This interesting result 

is based on a single sample and may therefore be doubted. It suggests that, in the 
retrogradedgel, some partwhich is inaccessible to deuteriumexchange is not organized 
in a crystalline manner. Such a result could have been expected on the basis of what 
is known of the solubility and other characteristics of retrograded starch. This ma- 
terial is quite resistant to hydrolysis and to dispersion in water even at autoclave 
temperatures’g~20. 

The results of this experiment cant_mdict those of Taylor et aL2 and of Lang 
and Mason’. It is not possible at present to explain this difference. Repeated tests of 
our starch samples under various conditions of deuteration always showed remaining, 
a significant OH band whose peak area depended on the crystalline composition of 
the sample. Moreover, it might be suggested that, ifit is impossible forwater to disrupt 
the crystalline structure of starch at room temperature, it‘is diflicult to understand 

Carbohydrate Res., 3 (x966) 97-101 
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how deuterium oxide could accomplish such a hypothetical disruption as would be 
understood from the work of Taylor et ~1.~ and Lang and Mason’. Using infrared 
spectroscopy, Mann andMarrinan6 (with samples immersed in liquid deuterium oxide) 
determined a crystalline content of 61% in bacterial cellulose, which was based on 
peak-heights only. It should be noted that, on the basis of a gravimetric analysis of 
deuterium oxide uptake, Jeffries 21 found 61 ‘A of crystallinity in ramie and 
58 oA in cotton, whileMorisson 22also determined 62% of crystallinity in cotton. These 
concurring figures are closely in accord with that shown here for cotton cellulose. 
Herman.? has already demonstrated that the crystallinity of native celluloses, as 
determined by various methods, lies between 60 and 70%. All these values clearly 
are at variance with those given by Lang and Mason’ (27-29 %)_ 

SUMMARY 

Various starch materials and cotton cellulose were deuteratedinliquiddeuterium 
oxide. Relative accessibility (amorphous content) was determined by infrared spectro- 
scopy. The values obtained agreed on the whole with those determined by X-ray 
diffraction methods. In all cases, there was a residuum of inaccessible (usually crystal- 
line) material which could not be deuterated. 
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INTRODUCTION 

Cell-free extracts of the ciliate Tetrahymena pyriformis show a wide range of 
carbohydrase activities, including maltase, but when the extracts are incubated with 
concentrated solutions of maltose, various oligosaccharldes are synthesised2. These 
include isomaltose, maltotriose, panose, 63-a-D-glucosylmaltotriose and maltotetraose, 
and they arise by transfer of an a-D-glucosyl residue from maltose to either D-glucose or 
a maltosaccharide. Hence, the OH group at C-6 of D-glucose, or at both C-q and C-6 
of the non-reducing residues of maltose and maltotriose, can serve as acceptors of 
m--D-glucosyl residues. The extracts were unable to polymerise D-glucose. In further 
studies of the acceptor specificity, digests were prepared containing maltose and pen- 
toses, and, by paper chromatography, evidence for the formation of Cr-D-glUCOSyl- 

pentose disaccharides, in addition to isomaltose, panose,andmaltotriose, wasobtained*. 
In an attempt to favour the formation of pentose-containing oligosacchatides at the 
expense of maltosaccharides, we have used phenyl a-D-glucopyranoside as dl-D-glUCOSY1 

donor. By this means, several new disaccharides have been prepared. A preliminary 
account of part of this work has been published3. 

The above experiments represent trans-a-o-glucosylation reactions. We have 
previously shown4 that extracts of barley can transfer fl-D-glucosyl residues from 
cellobiose, with the formation of various oligosaccharides. Salicin has now been tested 
as a /I-D-glucosyl donor, and, in the presence of D-xylose and a barley /3-glucosidase 
preparation, j?-o-glucosyl-o-xylose disaccharides were formed. 

MATERIALS AND hiETHODS 

Materials 
We are indebted to Dr. J. F. Ryley for freeze-dried cells of Tetrahymena pyri- 

formis. The preparation described previously* (Extract A) was used for most of the 

*For Part XIV, see Ref. I. 
**Present address, Department of Brewing and Applied Biochemistry, Heriot-Watt University, 
Edinburgh. 

Carbohydrute Res., 3 (1966) 102-112 



ENZXMIC s YNTHESIS OF DISACCHARIDES 103 

experiments, but a more recent preparation (Extract B) showing a similar, but 
stronger, activity was used for the preparation of the a-D-glucosyl-lyxoses. 

Phenyl a-D-glucopyranoside was prepared from penta- U-acetyl-a-D-glucopyra- 
nose by treatment with phenol and zinc chloride in acetic acid5, followed by deacety- 
latio@. The product had m-p. 173-4” and [cc)b6 +186” (c 1.80, water). 3-O-#-D- 
Glucosyl-D-arabinose and 5-0-a-D-glucosyl-D-arabinose were prepared from maltose 
and isomaltose, respectively, by the method of Whistler and Yagi’. 

General methods 

Solutions of carbohydrates were concentrated under vacuum at temperatures 
below 40”. Disaccharides (ca. z mg) were hydrolyzed with 1.5~ sulphuric acid (0.2 ml) 
at 100~ for 2 h, and barium carbonate was used for neutralization. Disaccharides 
(ca. 2 mg) were reduced with potassium borohydride (2 mg) in water (I ml) at 20~ 
for 24 h, and the solution was then deionised with Amberlite IR-120 (H+ form). 
Borate ions were removed by successive evaporations with methanol. For the methyl- 
ation of disaccharides, the method of Kuhn et aZ.* was used; the disaccharide (0.5-2.0 
mg), methyl iodide (0.2 ml), iV,N-dimethylformamide (0.2 ml), and silver oxide (0.2 g) 
were shaken in the dark at 20~ for 24 h. Two such treatments were generally sufficient. 
For methanolysis, 3 % methanolic hydrogen chloride at 100~ for 5-6 h was used, the 
hydrogen chloride was removed by repeated evaporation with methanol, and the 
products were examined by gas-liquid chromatography9 (g.l.c.), using a Pye Argon 
chromatograph. We are indebted to Dr. G. 0. Aspinall for these analyses. 

The reduction of periodate was measured spectrophotometrically’O. 

Paper chromatograpfzy 

The following solvent systems were used with Whatman No. I and 3 MM papers 
((r/v): (A) ethyl acetate-pyridine-water (10:4:3); (B) ethyl acetate-acetic acid-formic 
acid-water ( I 8:3: I :4); (C) butanol-acetic acid-water(4: 1:5, upper layer) ; (0) butanone- 
water-ammonia (200:17:1). In addition to aniline oxalate and silver nitrate, the 
following reagents were used in Spot t&S or as chromatographic sprays: (a) 2,3,5- 
triphenyl-2N-tetrazolium chloride, as a specisc test for (r-+2)-linked clisaccharidesX1; 
(b) periodate-p-rosaniline, as follows: disaccharides were sprayed with a solution 
containing equal volumes of 2 ‘A sodium metaperiodate solution and o. IM phosphate 
buffer (pH 8.0). The chromatogram was left at 20~ for 5 min, before treatment with 
sulphur dioxide and spraying with thep-rosaniline reagent. The inclusion of phosphate 
buffer gave clearer yellow colours with 3-O-substituted hexoses and pentoses, and, 
in several cases, spots having blue centres were completely avoided. Reduced disaccha- 

rides were treated exactly as described by Hardy and Buchanan”. Carbohydrates 
(e.g., 2-O- and 3-O-substituted pentoses and 3-O-substituted pentitols) which give 
rise to a malonaldehyde derivative on periodate oxidation at room temperature give 
a yellow colour with the reagent, whereas those carbohydrates (e.g., 4-O-substituted 

pentoses and 2-O- and 4-O-substituted pentitols) which do not yield a malonaldehyde 
derivative give a blue colour. By examining the colour produced before and after 
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borohydride reduction, it is therefore possible to distinguish between (I +2)-, (I +3)- 
and (I -t4)-linked glucosylpentoses. 

Paper eiectrophoresis 

Separation of disaccharides was effected using a Shandon small-scale electro- 
phoresis apparatus, with 0.05r~r borate buffer (pH 10.0) and 10-20 volt/cm for 0.5-2.5 h. 
Results are expressed as MG values (glucose = LOO). Disaccharide a!cohols were run 
in moIybdate buffer13 (12.5 g of sodium molybdate in 1200 ml of water, adjusted to 
pH 5.0 with sulphuric acid), but using half the recommended concentration of buffer 
to reduce background colour with silver nitrate reagent. Results are expressed as MS 
values (glucitol = Loo). 

From inspection of the formulae, 2-G and 4-O-substituted xyloses should have 
a low mobility (Mo o.rg-o.30) in borate buffer, whilst 3-O- and 5-O-substituted 
xyloses should have a high mobility (MG o.5o-o.go). In molybdate buffer (pH 5), 
2-O- and 4-O-substituted xylitols, 4--O-substituted arabinitols, and z-O-substituted 
lyxitols should have a low mobility, 5-O-substituted xylitols, arabinitols, and Iyxitols 
should have high mobility, whilst 3-O-substituted xylitols, arabinitols, and lyxitols, and 
4-O-substituted lyxitols should be immobile. 

Isolation of disaccharides 

Small-scale digests (total volume, I ml) containing phenyl a-D-glucopyranoside, 
pentose, and extract were prepared, and analysed at intervals by paperchromatography. 
The time at which the maximal amount of D-glucosylpentose (which gave a pink 
colour with aniline oxalate) was produced, with minima1 formation of isomaltose, 
was noted. Large-scale digests were then prepared and incubated at 36” for this time. 
The solution was heated at 100~ for 20 min, to inactivate the extract, and cooled, and 
denatured protein was removed by centrifugation. The solution was concentrated and 
applied to a charcoal-Celite column, prepared by the method of Andrews et aZ.14 

from either B. D. H. or Ultrasorb Charcoal, which was eluted with water and increasing 
concentrations of aqueous ethanoh Fractions (CQ. 200 ml) were collected, concentrated, 
and examined by paper chromatography (usually with solvent A). Mixed fractions 
were chromatographed on sheets of Whatman 3 MM paper. 

RESULTS 

Action of protozoa1 extract on phenyi a-D-glucopyranoside in the absence and presence 

of other carbohydrates 
The following results were obtained by paper-chromatographic analysis of 

small-scale digests (fmal volume, 0.5 or 1.0 ml), and tentative identification of products 
is based on a comparison of R, values with authentic samples. 

When phenyl a-D-ghrcopyranoside (IO%) and extract A (I %) were incubated 
at 36O, glucose was detected within 15 min, maltose and isomaltose within I day, and 
oligosaccharides having RG 0.30 and 0.22 within 5 days. However, by halving the 

Carbohydrate Res., 3 (1966) IOZ-IIZ 



ENZYMIC SYNTHESIS OF DISACCHARIDES 105 

concentration of phenyl a-D-glucopyranoside, the amount of maltose produced was 
barely detectable even after IO days, although small proportions of isomaltose were 
still formed. 

Digests containing phenyl oc-D-glucopyranoside (I %), acceptor (I %), and 
extract (0.2%) were incubated (under toluene to prevent microbial contamination) 
for 2-3 days, and then fractionated by paper chromatography_ New components 
were isolated, and shown by acid hydrolysis to be composed of glucose and the 
acceptor. The following served as acceptors: D-galactose, D-mannose, D-xylose, 
D-ribose, D-lyxose, D-arabinose, r_-arabinose, D-mannitol, D-glucitol, xylitol, D-ara- 
binitol, erytlnitol, glycerol, and ethylene glycol. The following were non-acceptors: 
D-fructose, L-fucose, L-rhamnose, D-glucuronic acid, sucrose, and methyl a-D-gluco- 
pyranoside. Control digests containing extract and either D-glucose, D-xylose, or a 
mixture of D-glucose and D-xylose, did not produce oligosaccharides. The above 
results therefore show that the extract can transfer a D-ghrcosyl residue from phenol to 
several carboh;rdrates, including five pentoses, with the formation of new D-glucosyl- 
acceptor disaccharides. 

Preparation and properties of O-a-D-glucosyl-D-xylose 

Phenyl a-D-ghrcopyranoside (4-5 g), D-xylose (5.0 g), extract A (I g), and water 
(IOO ml) were incubated under toluene at 36” for 8 days. After heat treatment and 
centrifugation, the solution was concentrated and applied to a charcoal-Celite 
column, which was eluted with water and 5 ‘A ethanol. The fractions containing gluco- 
sylxylose (RG 0.68 in solvent A) were combined, concentrated, and freed by preparative, 
paper chromatography from small proportions of isomaItose and a sugar having 
Rc 0.85, which stained pink with aniline oxalate. The glucosylxylose was isolated as a 
thin syrup which solidified on addition of ethanol; it was washed with ether and dried 
under vacuum at 20~. Yield, 231 mg. 

The glucosylxylose was homogeneous on paper chromatography in solvents 
A, B, and C; on total, acid hydrolysis, glucose and xylose were formed in equal 
amounts (visual estimation), and, on borohydride reduction, followed by acid hydro- 
lysis, glucose and xylitol were produced. The disaccharide had [alA +IOI (IO min) 
-_, +g7” (constant, IOO mm) (c 0.89, water) and was not hydrolysed by almond 
fi-glucosidase. On electrophoresis, the disaccharide had an MG value of 0.26 suggesting 
that the linkage was (I +2) or (I -4). Maltose, laminaribiose, isomaltose, and 3-O-/?- 
D-glucopyranosyl-D-xylose had MG values of 0.28,0.56,0.55, and 0.64, respectively. 
The borohydride-reduced disaccharide had an MS value of o-30 inmolybdate buffer (cf: 
MS 0.33 for cellobi-itol and maltitol, and 0.00 for Iaminaribi-itol) which also suggested 
a (I +2) or (I +4) linkage. However, since the disaccharide rapidly produced a rich, 
pink colour with triphenyltetrazolium chloride, a (I -+2)-linkage was unlikely. The 
disaccharide and the derived alcohol both gave blue colours with the p-rosaniline 
reagent, whereas 3-O-j?-D-glucopyranosyl-D-xylose gave a yellow colour. A (I +2)- 
linked glucosylxylose would also give a yellow colour. 

The disaccharide (10.4 mg) was oxidised with 0.015~ sodium metaperiodate 
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(25 ml) at 20~. After 1.5, 7.5, 20.5, and 27 h, the reduction of periodate was 1.9, 3.2, 
3.9, and 3.9 (constant) mol. This value agrees closely with that expected from a 
(I +4)- or (r-+5)-linked glucosylxylose (4.0 mol.). 

The disaccharide (60 mg) in N,N-dimethylformamide (IO ml) was methylated 
with methyl iodide (IO ml) and silver oxide (I g). The methylation was repeated, the 
methylated disaccharide (recovered in 6o oA yield) was hydrolysed, and the neutralised 
solution was applied to a small cellulose-column which was eluted with methyl ethyl 
ketone-water (IO:I, v/v). Fractions (2 ml) were collected and analysed by paper 
chromatography (solvent 0). Fractions 5 and 6, which contained tetra-U-methyl-D- 
glucose, were evaporated to a syrup (22 mg) which crystallised after two days. The 
product was recrystallised three times from light petroleum (b-p. 60-80”) to yield 
colourless crystals (16 mg) which had mp. 83-84“, undepressed on admixture with 
z&3,4,6-tetra-O-methyl-D-glucose, and [cc]&~ +85” (c 0.5, water; lit., fS49. The crystals 
gave an X-ray powder photograph identical with that from 2,3,4,6-tetra- O-methyl-D- 
glucose. 

Fractions 7 to 12 contained a di-O-methylxylose and a trace of another sugar, 
and were purified by paper chromatography to yield a pale-yellow syrup (15 mg) which 
crystallised on seeding with the p-form of 2,3-di-O-methyl-o-xylose. The crystals 
had m-p. and mixed m.p. 78-SI”, and gave an X-ray powder photograph identical 
with that of 2,3-d&O-methyl-D-xylose. 

Subsequent fractions contained only traces of undermethylated products. 
Although the periodate oxidation and methylation studies indicated that the 

disaccharide was 4-O-a-D-glucopyranosyl-o-xylopyranose, the remote, but possible, 
presence of 5-O-a-D-glucopyranosyl-D-xylofuranose (which would also give rise to 
z,pdi-U-methyl-D-xylose and reduce 4.0 mol. of periodate) had not been eliminated. 

The disaccharide (20 mg) in water (20 ml) was treated with potassium boro- 
hydride (IO mg) at 20’ for 12 h. The excess of borohydride was destroyed, borate 
was removed by successive evaporation with methanol, and the solution was adjusted 
to pH 4, before the addition of sodium metaperiodate (40 mg) and dilution to 250 ml. 
After 24 h at 20”, the solution was deionised with Amberlite IR-120 (Hf form) and 
IR-45 (HO- form) resins and concentrated to 20 ml. The solution was again treated 
with borohydride, and then hydrolysed with sulphuric acid. By paper chromatography, 
glucose and glycerol were found to be the major products; ethylene glycol was absent. 
This result showed the presence of a (I +4)-linked xylopyranose residue, since a 
(I 4.5)~linkedxylofuranose residue would yield ethylene glycol. The reaction conditions 
were tested with isomaltose, which gave the expected mixture of glucose and ethylene 
glycol, and with maltose, which yielded glucose and glycerol. It should be notedthat 
with dilute solutions of periodate, non-reducing glucose residues are not oxidised”. 

Preparation and properties of O-a-D-ghcosykwibose 
From a digest containing D-ribose (5 g) in place of the n-xylose used previously 

(p. 105)~ a disaccharide fraction (200 mg) was isolated. Themajorcomponent had RG 

0.76 in soIvent A and gave a pink colour with aniline oxalate. Isomaltose and a 
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sugar having R, 0.85 were trace impurities, and were removed by preparative, paper 
chromatography_ The minor component (Ro 0.85) gave a yellow colour with the 
periodate-p-rosaniline reagent before borohydride reduction, and a blue colour after 
this treatment. It did not react with the triphenyltetrazolium chloride reagent, and 
under U.V. light gave an orange fluorescence with aniline oxalate. It was probably a 
(I +2)-linked a-D-glucosyf-D-ribose. 

The major glucosylribose was homogeneous on paper chromatography in 
solvents A and B; on total hydroiysis by acid, glucose and ribose were formed in 
equal amounts (visual estimation) and on borohydride reduction, followed by acid 
hydrolysis, glucose and ribitol were produced. The disaccharide had [aIF + gj” 
(c 0.95, water), and Mc 0.28 (c$ MG 0.28 for maltose). The reduced disaccharide had 
MS 0.01 which indicated the absence of a (I-@linkage. The disaccharide reacted 
rapidly with triphenyltetrazolium chloride, suggesting the absence of a (L +2)-linkage, 
andgave a bluecolour with periodate+.-rosaniline. A ( I +2)- or (I +3)-linked disacchar- 
ide would give a yellow colour, due to the formation of a malonaldehyde structure12. 

The disaccharide (10.6 mg) was oxidised with 0.015~ sodium metaperiodate 
(25 ml) at 20~. After 0.5, 3, IO, 21, and 31 h, the reduction of periodate was 2.1, 2.9, 
3.6, 3-7, and 3.7 (constant) mol. These results confirmed the absence of (142)- or 
(I +3)-linkages, and, together with the previous evidence, characterised the disaccharide 
as 4-O-a-D-glucopyranosyl-D-ribose. This conclusion is strengthened by the fact that 
the borohydride-reduced disaccharide had the same RG value (in solvents A and B) 
and Mc and MS values as an authentic sample of 4-U-a-D-glucopyranosyl-D-ribitol, 
kindly provided by Dr. A. R. Archibald. 

Preparation and properties of O-a-D-ghcosyl-D-arabhoses 
A mixture of glucosylarabinose disaccharides (rgo mg) was isolated from a 

digest containing D-arabinose (5 g), phenyl a-D-glucopyranoside, and extract A. By 
paper chromatography in solvent A, the presence of four sugars was shown, all of 
which stained pink with aniline oxalate (see Table I); compound A3 gave a bright- 
orange fluorescence under U.V. light; this has been observed only with (I +2)-linked 
disaccharides. The results of a preliminary examination (Table I) suggested that the 
following linkages might be present: component AI, (I -4); component ‘42, (I -3); 
component A3, (I -+2); and component A.4, (1+5). 

The mixture was partially fractionated by thick-paper chromatography into 
fraction A (160 mg., containing components AI, 2, and 3) and fraction B (30 mg, 
containing components A3 and 4). Neither fraction was hydrolysed by almond 
fl-glucosidase. The two fractions were then methylated, methanolysed, and examined 
by g.1.c. For both methanolysates, the presence of peaks corresponding to the methyl 
glycosides of 2,3,4,6-tetra-O-methyl-D-glucose, 2,3- and 3,4-di-O-methyl-D-arabinose 
was indicated, together with other peaks. Peaks corresponding to the methyl glycosides 
of 2,4- or2,gdi- U-methyl-D-arabinose would probably overlap with the other products. 
In fraction A, the 2,3-di-U-methyl-D-arabinose would arise from a (I -+&linked, and 
the 3++-isomer from a (142)~linked disaccharide. In fraction B, the 3,&somer would 
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TABLE I 

PROPERTIES OF 0-D-GLUCOWL-D-ARAFIINO~E~ (AI-A~)AND 0-D-GLUCOSYL-D-LYXOSES &I-L3). 

Disaccharide 

AI A2 A3 Aq Xa Ya LI LZ L3 

RG vaIue, solvent A 0.61 0.70 0.77 0.89 0.70 0.89 0.70 0.96 0.87 
Reaction with triphenyltetrazolium 

chloride -f- + - t f + t - -I- 
Colou@ with periodate-p-rosauiline 
(a) before reduction b y y b y b b Y Y 
(LJ) after reduction b Y b b y b b b y 
&fG vaIue, borate - o-57 0.3 I o-45 0.58 0.47 o-45 0.25 o-45 
MS value, molybdate 0.22 0.00 0.01 0.43 0.00 0.41 0.04 0.20 0.06 

eX. 3-O-ix-D-ghrcopyranosyl-D-arabinose; Y, 5-O-a-D-ghtcopyranosyI-D-arabinose. 
ab, blue; y, yehow. 

also arise from component A3, and the presence of 2,3-di-O-methyl-o-arabinose is 

consistent with a (I ++linked glucosylarabinofuranose structure for component A4. 
By repeated paper chromatography, milligram quantities of the four sugars 

were isolated in a chromatographically pure state. On acid hydrolysis, each gave 
glucose and arabinose before, and glucose and arabinitol after, reduction with boro- 
hydride. The colours formed with the periodate-p-rosaniline reagent, before and after 
reduction, were consistent with the tentative structures assigned to each component. 
In addition, (I +4)- and (I 45)-linked disaccharides could be distinguished by molyb- 
date electrophoresis, after borohydride reduction13. Component A4 had Ms 0.4, as 
had an authentic sample of 5-O-a-D-giucopyranosyl-D-arabinitol; component A2 
was virtually immobile, as was 3-O-a-D-gh~copyranosyI-D-arabinitol, and component 
AI had MS 0.22, in agreement with the theoretical mobility. 

It is therefore concluded that transfer of a-D-glucosyl residues to positions 
2, 3, 4, and 5 of D-arabinose had occurred, with the formation of a mixture of four 
glucosylarabinose disaccharides. 

Preparation and properties of O-D-glucosyl-D-iyxoses 

From a digest containing phenyI a-D-glucopyranoside (2.25 g), D-lyxose (2.5 g), 
extract B (0.5 g), and water (50 ml), which had been incubated under toiuene at 36” 
for 4 days, a mixture of three disaccharides was isolated by charcoal-Celite chromato- 
graphy- These were separated by preparative, paper chromatography to give component L 
(147 mg, Rc 0.44 in solvent B, [a]h6 f IOP (c 1.26, water)>, component L2 (60 mg, 
& o-68, [a], f74” (c 1.00, water)], and component L3 (29 mg, & o-59, [a]D i-88” 
(c 1.00, water))). The three components were chromatographically and electrophore- 
tically pure, were not hydroIysed by almond /?-glucosidase, yielded glucose and Iyxose 
on acid hydrolysis, and glucose and Iyxitol after reduction and acid hydrolysis. From 
a preliminary examination (Table I), and the fact that component L2 gave a fluores- 
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cent colour with aniline oxdate, it was probable that LI was (I +4)-linked, L2, (I +2) 
linked, and L3 (I +3)-linked. 

The disaccharides (5 mg each) were methylated, and the products divided. 
One portion was hydrolysed and examined by paper chromatography (solvent D); 
each hydrolysate contained tetra-O-methylglucose (TG) and an equal proportion 
(visual estimation) of a second sugar. The RTC values and colours with aniline oxalate 
were LI, 0.47, brown; L2,0.50, pink; L3,0.56, pink. An authentic sample of 2,3-di-U- 
methyl-D-lyxose had R,, 0.47, and gave a brown stain with aniline oxalate. It should be 
noted that methylated sugars having a free OH at C-4 also give a brown colour, 
whereas those etherified at position 4 gave a pink colour. 

The results suggested that Lr was 4-O-a-D-glucopyranosyl-D-lyxose, and this 
was confirmed by g.1.c. of a methanolysate of the methylated material. Peaks corres- 
ponding to the methyl glycosides of 2,3,4,6-tetra-O-methyl-D-glucose and 2,3-di-O- 
methyl-D-lyxose were detected. The major peak of the latter had relative retention 
times of 1.70 and 0.87 on columns of neopentyIgIyco1 adipate at 150~ and polyphenyl 
ether [m-bis(m-phenoxyphenoxy)benzene] at zoo ‘; cf authentic values of I.69 and 
0,88. 

The di-0-methyl-lyxoses from disaccharides LI, L2, and L3 were isolated by 
paper chromatography, and reduced with borohydride. The solutions (0.01 ml) were 
treated with 0.3~ sodium metaperiodate (0.01 ml) for 24 h and the products were 
examined by aniline oxalate spot-tests. The products from LI and L2 gave a pink 
colour whereas that from L3 gave no reaction. A (I++linked glucopyranosyl- 
lyxofuranose would yield a partly methylated lyxose having adjacent OH groups at 
C-3 and C-4; this would be susceptible to periodate oxidation and thence give a 
positive reaction with aniline oxalate. The lack of reaction is in accord with the view 
that L3 is 3-0-a-D-glucopyranosyl-D-lyxopyranose. 

Preparation and properties of O-fl-D-ghcosybD-xylose 

Preliminary experiments by Mr. J. Walker had shown that a barley 
fl-glucosidase preparation4 could transfer a P-D-glucosyl residue from salicin to 
various pentoses with the formation of new sugars having the & values of p-D-gluco- 
sylarabinose, fi-D-glucosylxylose, fl-D-glucosyl-lyxose and fl-D-glucosylribose. 

From a large-scale digest of salicin (40%). D-xylose (20x), and barley 
/?-glucosidase (1.2%) in a total volume of 40 ml incubated for three days at 35”, and 
subsequent charcoal-Celite chromatography, fractions containing small amounts of 
two glucosylxyloses had been isolated. One of these was chromatographically identical 
with 3-0-fl-D-glucopyranosyl-D-xylopyranose 16. The second sugar was puSed by 
preparative, paper chromatography (yield, rgo mg), and examined by the methods 
given in Table II. The results show that the new disaccharide is 4-O-/?-D-glucopyrano- 
syl-D-xylopyranose, and this conclusion was confumed by small-scale methylation 
analysis. A methanolysate, on examination by g.l.c., contained the methyl glycosides 
of 2,3,4,6-tetra-O-methyl-D-glucose and 2,3-di-0-methyl-D-xylose.. 
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TABLE II 

PROPERNSOF C-D-GLUCOSYL-D-XYLOSES 

Tetrahymena 

pyriformis 

Barley 

[aID, water 
R~value,solve~~tA 
Colourwith aniline oxalate 

MG value,borate 
MS value, molybdate 
Reaction with triphenyltetrazolium chloride 
Colour with periodate-p-rosaniline reagent 
Products on reduction, followed by acid hydrolysis 
Hydrolysis by almond /?-glucosidase 
Periodate reduction, mol. 

+97- 
0.68 
pink 
0.28 
0.30 
f 
blue 
glucose, xylitol 
- 

3.9 

-7O 
0.68 
pink 
0.28 
0.30 
+ 
blue 
glucose, xylitol 
+ 
3.8 

DISCUSSION 

The present investigation has shown that extracts of Tetrahymena pyriformis 
can transfer a-D-glucosyl residues from phenyl a-D-glucopyranoside to a variety of 

acceptors including aldohexoses, D-pentoses and certain alcohols, but not to D-fructose, 
6-deoxy-L-hexoses, or to D-glucuronic acid. Since trans-ar-D-glucosylation to D-glucose 
results in the formation of maltose and isomaltose, it was of interest to examine the 
transfer to the stereochemically related D-xylose. From a digest containing D-xylose 
(5 g), a new disaccharide (CL 230 mg), [u]D +g7” (water), was isolated, which has been 

characterised as 4-U-a-D-glucopyranosyl-D-xylopyranose. Only a trace of a second 
glucosylxylose was produced. The (144)~linked disaccharide had been prepared by 
Hassid and co-workersl’, using a bacterial enzyme preparation, &D-glucose r-phos- 
phate, and D-xylose; this sample had [a] D +g5” (water). In view of the relatively good 
yield (the above result ignores substantial losses due to overlapping in various fractions 
from the charcoal-Celite column and from preparative, paper chromatograms), 
other pentoses were examined as possible acceptors, with a view to preparing hitherto 
unknown disaccharides. 

From D-ribose (5 g), a disaccharide (ca. 200 mg), characterised as 4-O-a-w 
glucopyranosyl-D-ribose, was isolated. Although the conformation of pentoses when 

bound to the surface of an enzyme-protein is not known, it may be significant that, 
in solution, D-xylose and D-ribose (as with D-glucose) have an equatorial OH group 
at C-4, and that this clearly represents a favourable acceptor site. 

Enzymic transfer of a-D-glucosyl residues to D-lyxose and D-arabinose yields a 
mixture of disaccharides. From D-lyxose (2.5 g), a (I +4)-linked disaccharide (147 mg), 
a (I +a)-linked disaccharide (60 mg). and 3-O-a-D-ghrcopyranosyl-D-lyxose (29 mg) 
were obtained. These appear to be new compounds ‘*. D-LyxOSe exists in solution as 
a mixture of the CI and K conformations, in which the OH at C-4 is in an equatorial 
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or an axial position. This appears to infiuence the transferase specificity of the enzyme 
system, and although transfer to C-4 predominates, there is appreciable transfer to 
C-2 and C-3. 

From D-arabinose (5 g), a mixtme of disaccharides (rgo mg) was isolated, 
including a (I +5)-linked D-arabinofuranose, and (I +2)-, (I 33)-, and (I -&linked 
r+arabinopyranoses. With this pentose, in which the OH at C-4 is in the axial 
position, transfer to C-4 does not predominate. 

The enzyme system therefore shows a fairly high degree of specificity towards 
a-D-ghrcosyl acceptors, and favours those sugars which, in solution, have an equator- 
ial OH group at C-4. In general, the system provides a method for the preparation of 
a limited number of D-glucosylpentose disaccharides, some of which have not been 
prepared previously by chemical or enzymic means. It is probable that trans-cc-o- 
glucosylation reactions with normal metabolites (e.g. degradation products of glyco- 
gen) are not physiologically important to Tetrahymenapyriformis, and that the present 
results represent an atypical reaction of an enzyme whose normal function is purely 
hydrolytic. The question as to whether the maltase and phenyl or-D-glucosidase activi- 
ties are due to the same enzyme cannot be unequivocally answered. The relative 
activity of the extract towards the two substrates is very different (maltase = IOO, 
phenyl a-D-glucosidase = 3.2; c$ methyl a-D-glucopyranoside = 0.5); there is a 
small difference in optimum pH (4.7 and 5.0, respectively), and the phenyl a-D-giuco- 
sidase activity is slightly more thermostable than the maltase’g. The difference in these 
preliminary results is not great enough to distinguish between one enzyme or two 
different enzymes, and this aspect must await the results of fractionation studies on 
the protozoa1 extract. 

The experiments with the barley &glucosidase preparation have led to a prepa- 
ration of 4-O-/Y-D-glucopyranosyl-D-xylose, in contrast to the (I +3)-linked disaccha- 
ride which has been produced by the action of enzyme preparations from Aspergiks 
niger20 or Cladophora rupestrisz6 on a mixture of cellobiose and D-xylose. 
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SUMMARY 

By transfer of an a-D-ghrcosyl residue from phenyl a-D-glucopyranoside to a 
pentose, using an enzyme preparation from Tetrahymena pyriformis, 4-0-a-D-gluco- 
pyranosyl-D-xylose and -D-ribose, and mixtures of three 0-a-D-glucosyl-D-lyxoses and 
four a-D-&ICOSyl-D-arabinOSeS have been prepared. An enzyme preparation from 
barley transfers a /3-D-glucosyl residue from salicin to D-xylos~, giving a mixture of 
(I +3)- and (I +4)-linked O-fl-D-glucosyi-D-xyloses. 
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Notes - 

The reaction of unsaturated carbohydrates with carbon monoxide and 
hydrogen. 

Part Vi. Structure and stereochemistry of the major anhydroheptitols 
fromtetra-O-acetyl-1 -deoxy-D-aaabino(andD-/yxo)-hex-l-enopyranose' 

Parts II-V of this serieslS4 described the action of carbon monoxide and hydro- 
gen on glycals, and demonstrated the preferential addition of the hydroxymethyl 
group to C-I of the glycal. This communication gives the results of an investigation 
on the reaction of carbon monoxide and hydrogen on the acetylated z-hydroxy- 
glycals, herein designated as hex-I-enopyranoses. 

2,3,4,6-Tetra-O-acetyl-I-deoxy-D-ar~~ino-hex-I-enopyranose (z-acetoxy-3,4,6-t& 
0-acetyl-D-gluca15) was treated in a high-pressure apparatus with carbon monoxide 
and hydrogen in the presence of dicobalt octacarbonyl, under conditions similar to 

*Presented in part at the 150th National Meeting of the American Chemical Society, Atlantic City, 
N.J., September 17-21, Ig65_ 
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Notes - 

The reaction of unsaturated carbohydrates with carbon monoxide and 
hydrogen. 

Part Vi. Structure and stereochemistry of the major anhydroheptitols 
fromtetra-O-acetyl-1 -deoxy-D-aaabino(andD-/yxo)-hex-l-enopyranose' 

Parts II-V of this serieslS4 described the action of carbon monoxide and hydro- 
gen on glycals, and demonstrated the preferential addition of the hydroxymethyl 
group to C-I of the glycal. This communication gives the results of an investigation 
on the reaction of carbon monoxide and hydrogen on the acetylated z-hydroxy- 
glycals, herein designated as hex-I-enopyranoses. 

2,3,4,6-Tetra-O-acetyl-I-deoxy-D-ar~~ino-hex-I-enopyranose (z-acetoxy-3,4,6-t& 
0-acetyl-D-gluca15) was treated in a high-pressure apparatus with carbon monoxide 
and hydrogen in the presence of dicobalt octacarbonyl, under conditions similar to 

*Presented in part at the 150th National Meeting of the American Chemical Society, Atlantic City, 
N.J., September 17-21, Ig65_ 
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those described previously’. The reaction product was separated from the catalyst 
by chromatography on a Florisil column, and deacetylated with methanolic sodium 
methoxide; the major product (1) was obtained in about 70% yield by recrystalli- 
zation of the resulting solid from methanol. Two minor products, 2 and 3, were obtained 
by preparative paper chromatography. 

1. CO + Hz 
2 CHJO- 

+ 2+3 

OH 

1 

The fact that the major product (1) is devoid of optical activity suggests that it 
has a plane of symmetry. Acetylation of compound 1 afforded an optically inactive 
pentaacetate having a molecular weight of 404. Therefore, compound 1 must be 
2,6-anhydro-D-glycero-D-gulo-heptitol. Using a different sequence of reactions, 
Fletcher and Coxon6 have recently prepared a compound to which they assigned 
structure 1. The physical constants (m.p., [a],, and RF) of their compound and of 
ours are in agreement_ 

Because of the fact that the 0x0 reaction, when applied to glycals, affords 
epimeric anhydroalditols, it was expected that compound 2 might be an epimer 
of 1, differing in configuration only at C-2. Comparison of the molecular weights of 
the pentaacetates of 1 and 2 and examination of their mass spectra suggested striking 
similarities between the two compounds. However, as the anhydroalditol2 consumed 
only one molar equivalent of periodate, the presence of two vicinal glycols was ruled 
out, and 2 was therefore not an epimer of 1. The great difficulty encountered in puri- 
fying 2, as well as the low yield, led us to abandon further structural work. 

Recently, Wilkinson and co-workers’ have found that the olefins undergo 
hydroformylation with carbon monoxide and hydrogen at much lower temperatures 
when a rhodium compound is used, instead of a cobalt carbonyl, as the catalyst. 
Application of their procedure to tetra-O-acetyl-I-deoxy-D-arabino-hex-r-enopyra- 
nose showed, surprisingly, that the unsaturated carbohydrate was deacetylated but 
did not absorb gases, thus indicating no hydroformylation. 

When the 0x0 reaction (with dicobalt octacarbonyl as catalyst) was applied to 
2,3,4,6-tetra-O-acetyl-I-deoxy-o-Zyxa-hex-I-enopyranose* (z-acetoxy-3,4,6-&i-U-ace- 
tyl-D-galactal), the mixture of products was more complex than that obtained from the 
C-4 epimer. Deacetylation of the 0x0 product gave a complex mixture of alditol 
derivatives which was only partially separated by paper chromatography. Direct 
chromatographic comparison of one component with an authentic sample’ indica- 
ted that it was probably 2,6-anhydro-D-gbcero-L-manno-heptitol(4). 

Carbohyrt~feRes.,3(rg66) IIZ-116 
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1. CO + Hp, 
2 CH30- 

OAC OH 

4 

The conversion of 2,3,4,6-tetra-O-ace@-I-deoxy-D-arabino(and D-lyxo)-hex-r- 

enopyranose into 2,6-anhydro-D-&cero-D-@lo-heptitol and 2,6-anhydro-D-glycero 
L-manno-heptitol, respectively, provides chemical proof that the 0x0 reaction proceeds 
7.k a cis addition of hydroxymethyl and hydrogen to the carbon-carbon double bond. 

This finding is in agreement with previous results1B4 in which the stereochemistry of 

the 0x0 reaction was adduced on the basis of an analysis of the p.m.r. spectra of 
partialiy deuterated, epimeric anhydro-heptitols and -hexitols. 

EXPEFUMENTAL 

General considerations 
Conditions for chromatographic separations and for measurement of p.m.r. 

spectra have been described previously1 All molecular weights were determined by 

mass spectrometry with an Atlas CH4 spectrometer. 

Treatment of tetra-O-acetyl-r-deoxy-D-arabino-hex-r-enopyr~ose with carbon mon- 
oxide and hydrogen to yield 2,6-anhydro-D-@ycero-D-gulo-heptitol (l) 
A. With dicobalt octacarbonyl as catalyst 

To a mixture of 2,3,4,6-tetra-O-acetyl-I-deoxy-D-arabino-hex-r-enopyranose 
(I 1.2 g) with purified benzene (40 ml) contained in a 300-ml shaker bomb, was added 
pre-formed dicobalt octacarbonyl (1.5 g). After the bomb had been flushed with 
carbon monoxide, carbon monoxide (750 lb. in-‘) and hydrogen (2120 lb. in-‘) were 
added, and the reactants were heated, with rocking, for 1.2 h at 115-120”. 

The product was freed from catalyst as described previouslyl, and then deacety- 

lated with methanolic sodium methoxide. Recrystallization of 0.92 g of the deacetylated 
product from ethanol gave chromatographically pure platelets of 1, yield 0.43 g. 
Evaporation of the filtrate yielded a syrupy mixture (A), which consisted mainly of 1 
and 2. This syrup is further described under compound 2. 

Characterization of compound 1. 
Compound I (2,6-anhydto-D-glycero-D-@lo-heptitol) had m-p. 203-205O, 

MD 2o o” (c 2, water), and it consumed 1.6 molar equivalents of periodate in 20 h, as 
measured by the spectrophotometric method of Dixon and Lipkin”. The reported 

values6 for 2,6-anhydro-D-glycero-D-gulo-heptitol are: m-p. 204-205O, [cz]k” o” (water)). 
Anal. Calc. for C,H,,06: C, 43.29; H, 7.27. Found: C, 43.15; H, 7.20. 
Compound 1 was oxidized with periodate, and the resulting “dialdehyde” was 

reduced with sodium borohydride according to a previously described procedure’ to 
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yield a syrup; p.m.r. singlet at 6 = 5.2 from H on OH, and singlet at 6 = 6.3 (with 
visible shoulders). 

Preparation of I,3~,~,7-penta-O-acetyl-3,6-anhydro-D-glycero-D-~o-heptito~ 
Compound 1, acetylated according to the procedure described by Fletcher and 

Coxon6, gave a product, m.p. gr-g2”, [a];’ o0 (c 1.5, chloroform). 
Anal. Calc. for C,,H,,O,, (404.36): C, 50.49; H, 5.98. Found: C, 50.35; 

H, 6. I ; mol. wt. 404. 
Fletcher and Coxon6 reported m.p. 89” and [a];’ f0.2~ for r,3,4,5,7-penta-O- 

ace@-2,6-anhydro-D-glycero-D-g&o-heptitol. 

Attempted characterization of compound 2 
The syrup A (0.50 g) was fractionated by preparative paper chromatography to 

yield compound 1 (about 0.25 g), compound 2 (0.128 g), and compound 3 (0.034 g). 
Compound 2 was crystallized from methanol-isopropyl ether; m-p. 85-90°, 

[a];’ +23O (c 0.5, water); p.m.r. unresolved multiplet of peaks at 8 = 5.8-6.6. 
Periodate oxidation of 2, followed by sodium borohydride reduction of the 

“dialdehyde”, according to a previously described procedurel, gave an oil; n.m.r., 

two singlets (with shoulders) at 6 = 6.4 and 6.7 in the ratio of about g:r. 

Compound 2 consumed 0.91 molar equivalent of periodate in 20 h, as measured 
by the spectrophotometric method of Dixon and Lipkinr”. No further consumption 
of periodate was noted after an additional 24 h. 

Acetylation of substance 2 with acetic anhydride and sodium acetate afforded a 

syrupy product which could not be crystallized. 

Purification of the pen&acetate of 2 (0.105 g) was performed by preparative, 
thin-layer chromatography on silica gel, with isopropyl ether containing a trace of 
methanol as the developing solvent. The main zone was located by means of the acetate 
spray of Bishop and Tate”. An infrared lamp was used for heating strips of the plate. 
The main zone (0.048 g) could not be crystallized; [a]g2 +7.r” (c, 2.4, chloroform). 

The molecular weight of the pentaacetate (by mass-spectral analysis) was 404. The 

molecular weight of a penta-0-acetylanhydroheptitol is 404.36. The p.m.r. spectrum 
of the pentaacetate of 2 in deuteriochloroform resembled that of the pentaacetate of 
compound 1. 

B. With RhPy,CI, as catalyst 
2,3,4,6-Tetra-O-acetyl-I-deoxy-D-arabino-hex-I-enopyranose (7 g) in 40 ml 

of (3: I v/v) ethanol-benzene was treated with a mixture of carbon monoxide (1000 lb. 
inB2) and hydrogen (1800 lb. in-‘) for 3 h at 130~ in the presence of RhPy,Cl, 
(0.5 g) as catalyst’. There was no significant absorption of gases. Processing of the 
reaction mixture showed that complete transesterification of the carbohydrate acetate 

had taken place, yielding about 7.5 g of etbyl acetate (theoretical yield, 7.5 g). 

Cur6o&frufe i&s.. 3 (x966) PIZ--I 16 
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Reaction of 2,~,4,6-tetra-O-acetyZ-I-deoxy-D-lyxo-hex-r-e~opyranose with carbon 
monoxide and hydrogen to yield 2,6-anhydro-D-glycero-L-manno-heptitoZ 

2,3,4,6-Tetra-O-acetyl-I-deoxy-D-Zyxo-hex-I-enopyranose8 was treated with 

carbon monoxide and hydrogen in the presence of dicobalt octacarbonyl as described 

in the first part of the experimental section. Deacetylation of the 0x0 product gave 
a mixture of three alditol derivatives, one of which (present in about 20% yield) was 
shown, by direct chromatographic comparison with an authentic sampleg, to be 
2,6-anhydro-D-glycero-L-manno-heptitol. 
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Preparation of glycosyl phosphates: /?-D-glucopyranosyl phosphate 

The formation of glycosyl phosphates by reaction of a fully acetylated sugar 
with anhydrous phosphoric acid at moderate temperatures is a convenient procedure 
for the preparation of these esters, and a number of such phosphates of biochemical 
interest have been prepared in this way. For example, the potassium salts of a-D- 

glucopyranosyl phosphate and cr-D-galactopyranosyl phosphate were prepared from 
the corresponding pentaacetates of /?-rr-glucopyranose and /l-D-galactopyranose, 
respectively, in yield@ approaching 60%. Subsequently, it was shown” that salts 
of 2-acetamido-2-deoxy-a-D-glucopyranosyl phosphate and 2-acetamido-2-deoxy-a-D- 
galactopyranosyl phosphate could be prepared from the /?-D-tetraacetates of the 
appropriate 2-acetamido sugars. 

In a later paper, O’Brien4 reported on a fusion reaction using n-acetamido-2- 
deoxy-n-D-ghrcopyranose tetraacetate. This compound, having substituents on C-I 
and C-2 in the 1,2-h orientation, reacted much more slowly than its anomer having 
the 1,2-trm2.s (diequatorial) conformation, and reasonable yields of product (33%) 
were obtained only by raising the reaction temperature to 83” (as compared to 50°, 
originally used) and increasing the proportion of phosphoric acid. Recently, the 
pentaacetates of a-D-glucopyranose and a-D-, oalactopyranose have been shown to 
react readily only under the more strenuous conditions reported by O’Brien4, and 
the product isolated was, in each instance; the CC-D anome925. Several workers have 
reported the preparation cf salts of a-D-mannopyranosyl phosphate by using this 
general phosphorylating procedures. 

In the above experiments, the a-D (axial) anomer was generally the one isolated, 
although it is probable that, in most instances, both anomers are formed in the 
reaction. The isolation of only one anomer may be the result of loss of the other 
anomer (a) during the crystallization process, or (b) through the preferential hydrolysis 
of the (more labile) ,8-D (equatorial) anomer during the fractionation procedure4. 
The actual isolation of bcth anomers using an ion-exchange fractionation procedure 
was reported by O’Brien* for the anomeric 2-acetamido-2-deoxy-D-glucopyranosyl 
phosphates. 

The replacement of an acetoxy group on C-r of an acetylated sugar bearing 
acetoxy groups on C-I and C-2 in a trans cotiguration is greatly facilitated by 
neighboring-group participation of the acetoxy group on C-2. As a consequence, 
p-D-glucopyranose pentaacetate, for example, reacts much more rapidly than the 
corresponding cr-D anomer in various replacement reactions7, as has been amply 
shown in the preparation of glycosyl halides, as well as of glycosyl phosphates, as 
outlined above. In the preparation of a tetra-O-acetyl-a-D-glucopyranosyl halide 
from B-D-glucopyranose pentaacetate, it is to be expected that the tetra-U-acetyl- 
j3-6-D-glucopyranosyl halide will be the first product of the reaction. Under the con- 
ditions of the reaction, this compound would then be anomerized to the thermo- 
dynamically more stable CY-D anomer. The actual preparation of the /I-D anomer 
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reqnires, in general, shorter reaction times, and conditions for such preparations have 
been publisheds. 

In an analogous way, it would be expected that, in the preparation of a D- 
glucosyl phosphate from fl-D-glucopyranose pentaacetate using the fusion procedure, 
the &St product would be a derivative of ,8-D-glucopyranosyl phosphate, and that this 
material would then be anomerized to the more stable CC-D anomer. In most of the 
previously published preparations of glycosyl phosphates by this method, the reaction 
has been allowed to proceed for up to two hours, Generally, only that anomer having 
a stable conformation (with an axial phosphate group) has been isolated, except in 
the case of the 2-acetamido-a-deoxy-D-glucose derivativea. 

We have now found that, as anticipated, a derivative of P-D-glucopyranosyl 
phosphate is an early and major product in the reaction of penta-O-acetyl-,8-D- 
glucopyranose with anhydrous phosphoric acid at 50”. After removal of the protecting 
acetyl groups, and purikation of the barium salt, an examination of the optical 
rotation showed that the yield of the more levorotatory anomer decreases as the 
duration of the fusion reaction is increased. Some results indicating this transfor- 
mation are indicated in the Table. 

TABLE I 

EFFE(JT OF RJXCTION TIME ON FORMATION OF THE ANOMERS OF D-GLUCOPYRANOSYL PHOSPHATE 

D-Ghcopyranosylphosphate Time (mifz) 

5 IO 20 

Barium salt, yield % 

blD= +Z +Z +E 

% of fl anomerb, talc. 88 71 48 
Dipotassium TV-, yield % I 8 31 

k=dD f73 +63 +67 
Di(cyclohexylammonium) /3-, yield % 36 19 

WD & t-6.2 +5-S 

~Calc. on basis of anhydrous salt. 
Wn the basis of reported molecular rotations 9, the rotations of the anhydrous barium salts would 
be +74” and +g.6” for the a: and fi anomer, respectively. 

The barium salts were converted into the potassium salts, and the readily 
crystallizing dipotassium salt of a-D-glucopyranosyl phosphate dihydrate was obtained. 
Although no effort was made to purify this compound, the yield varied directly with 
the elapsed time for the fusion reaction. The salt of p-D-glucopyranosyl phosphate 
which remained in solution was then isolated by conversion into the di(cycIohexyl- 
ammonium) salt, followed by crystallization. The air-dried salt was found to be 
anhydrous and to have a specific rotation of f5.g”. 

Putman and Hassids reported that their air-dried product, one molecule of 
which crystallized with one molecule of ethanol and one of water, had a spe~ifk 

rotation of +7.3” (corresponding to +8.3” for solvent-free material). 
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DiCcydohexyZammonium) &mglucopyranosyl phosphate 

Ten g of anhydrous phosphoric acid (which had been dried overnight in vacua 
over magnesium perchlorate) was melted at 50”. and to the melt was added 5.00 g 
(12.8 mmoles) of powdered penta-U-acetyl+D-glucopyranose. The mixture was 
stirred magnetically in vacua at 50~; after 5 min, the mixture was rapidly cooled, 
and 205 ml of ice-cold 2 N lithium hydroxide was added. The contents of the flask 
were thoroughly mixed to disperse the sirup, and then allowed to stand overnight. 
The precipitated lithium phosphate was removed by filtration through Celite, and 
washed with cold, lithium hydroxide solution (ca. 0.01 N). The resulting solution 
contained 6.7 mmoles (52%) of acid-labile phosphatelO. 

The pH of the solution was lowered to ca. 8.5 with Dowex SOW-H+ and, after 
the resin had been removed by filtration, barium acetate (3.0 g) was added and the 
solution concentrated to about 50 ml. The barium salt was precipitated by the addition 
of four volumes of ethanol; after several hours at 5”, the solids were collected by 
centrifugation, washed successively with acetone and ether, and dried in vacua 
over calcium chloride_ The solid was dissolved in water (40 ml), faint traces of 
insoluble matter were removed by centrifugation, and the barium salt was 
reprecipitated by the addition of ethanol (120 ml). After a second such reprecipi- 
tation, there was obtained 3.92 g of barium salt containing 6.7 mmoles of 
phosphate and showing [LX]~ + 17” (c 2.6, water; calculated on the basis of the 
anhydrous barium salt). The salts were dissolved in water at ca. 5”. and the solution 
was passed through a precooled column of Dowex 50W-Hf (I x 25 cm) into water 
containing 1.2 g of potassium hydroxide. The column was washed with 50 ml of 
cold water, and the pH of the resulting combined effluent was adjusted to 9 with 
Dowex SOW-H+. The resin was removed by filtration, and the solution was concen- 
trated to about 40 ml. The potassium salt crystallized at 5” on addition of 1.5 volumes 
of ethanol over a period of two days; it weighed 61.8 mg (1.3%) and showed [cz]~ + 
73.3” (c 0.5, water). Pure a-o-glucopyranosyl dipotassium phosphate dihydrate 
shows” [o;Jg + 78”. 

The mother liquors remaining from crystallization of the potassium salt were 
concentrated under diminished pressure, and the residue was dissolved in 50 ml of 
cold water. This solution was passed through a precooled column of Dowex SOW-H+ 
(I x 25 cm) and the column was washed with IOO ml of water, the effluent being 
collected in water containing 2 ml of cyclohexylamine. The combined percolate was 
concentrated in vacua to ca. 2 ml, and IOO ml of absolute ethyl alcohol was added. 

After two days at 5”, the crystalline salt was collected by filtration, washed 
with absolute ethanol, and air dried; yield 2.65 g (5.8 mmoles, 45%) [cc]~ + 8.8” 
(c 2, water). A further 0.23 g (0.5 mmole, 4%), showing [cc]~ + 28.6’, was obtained 
from the mother liquors. Recrystallization of the first crop gave 2.48 g (42%) of 
di(cyclohexylammonium) P-D-glucopyranosyl phosphate, showing [a]n + 5.9”. 
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Pntman and HassidB reported that their air-dried product showed 3-7.3” and that 

one molecule contained I molecule each of ethanol and water. 

Anal. Calc. for ClaHs&09 P (458.5): C, 47.15; H, 8.57; N, 6.11; P, 6.76. 

Found*: C, 47.10; H, 8.81; N, 5.99; P, 6.87. 
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Facile route to sugar thionocarbonates 

In OUT studies with bis(O-thiocarbonyl) disulfide derivatives of carbohydrates, 
we reported’ that bis(I,z-U-isopropylidene-pO-thiocarbonyl-a-~~ucofuranose) 
disulfide rearranges to give one molar equivalent of 1,2-U-isopropylidene-a-D-gluco- 
furanose 5,6-thionocarbonate simply on standing at room temperature in pyridine 
for a few hours. It was thought that this type of reaction might provide a facile route 
for synthesis of cyclic thionocarbonates, which have utility as intermediates for the 
preparation of olefins2. To explore this reaction, suitably protected carbohydrate 
derivatives possessing structurally different vicinal diol groups were prepared: 
1,2:5,6-di-O-isopropylidene-D-mannitol (1); 3,4-O-isopropylidene-D-mannitol (2); 
1,2-O-isopropylidene-a-D-ghrcofuranose (3); methyl 4,6-O-benzylidene-a-D-manno- 
pyranoside (4); and methyl 5- O-benzyl-D-ribofuranoside (5). 

Each of these derivatives was converted readily into the bis(U-thiocarbonyl) 
disulfide derivative by oxidation of the corresponding xanthate with iodine. When the 
products were treated with pyridine, rearrangement occurred rapidly, as evidenced by 
the crystallization of elemental sulfur from the pyridine solutions. The rearrangement 
was monitored by observing the disappearance of the characteristic absorption 
maxima near 240 and 280 rnp for the bis(O-thiocarbonyl) disulfide group and the 
appearance of the maximum near 235 rnp for the thionocarbonate group. In each case, 
the reaction was complete after 0.5 h at room temperature. 

Removal of the elemental sulfur and evaporation of the pyridine afforded the 
corresponding thionocarbonate in admixture with an equimolar amount of the starting 
sugar diol. These results are consistent with our earlier finding’ that a bis(O-thio- 
carbonyl) disulfide derivative rearranged and fragmented to give equimolar amounts 
of the cyclic thionocarbonate, elemental sulfur, carbon disulflde, and the starting 
dial. Separation of the thionocarbonates from the diols was readily accomplished with 
the products from 1,3,4, and 5 by extraction with water. Since the thionocarbonate from 
2 was water-soluble, it was separated by column chromatography. The free diols were 
readily recovered, and could be recycled without further purification. 

By these two procedures, substances 1 through 5 gave, respectively, 1,2:5,6-d&O- 
isopropylidene-D-mannitol3,&ionocarbonate (6); 3,4-O-isopropyhdene-D-mannitol 
I,2-thionocarbonate (7); r,2-O-isopropylidene-a-D-glucofuranose 5,6_thionocarbonate 
(8); methyl 4,6-O-benzylidene-a-D-mannopyranoside 2,3-thionocarbonate (9); and 
methyl 5-O-benzyl-D-ribofuranoside 2,3_thionocarbonate (10). The thionocarbonates 
were identified by elemental analyses, spectroscopic data, and for 8, comparison with 

an authentic sample. 

EXPERIMENTAL 

Melting points were taken in a Thomas-Kofler* melting-point apparatus. 
Ultraviolet spectra were recorded with a Perkin-Elmer 202 spectrophotometer. 
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Anal. Cak. for ClOH,,O,$: C, 45.5; H, 6.1; S, 12.1. Found: C, 45.7; H, 6.1; 
s, 12.2. 

r,2-0-Isopropyliciene-Cc-D-glucofuranose 5,6-thionocarbonate (8) 
By a procedure similar to that used for 1, compound 3 (2.0 g) gave the 5,6-thiono- 

carbonate (8, 1.1 g, 92%). Recrystallization from p-dioxane-water yielded a product 
identical with an authentic sample. 

MethyZ &O-benzylidene-a-mmannopyranoside 2,3-thionocarbonate (9) 
Methyl 4,6-O-benqlidene-a-D-mannopyranoside’ (4, 2.00 g) was treated by a 

procedure similar to that used for 1. The thionocarbonate 9,recrystallized from carbon 
distide, gave 1.07 g (g3%), m.p. 151-152O, Azty’ 235 rnp (& 15,700). 

Anal. Calc. for C,,H,,O,S: C, 55.6; H, 4-g; S, g-g_ Found: C, 55.3: H, 5.0: 
s, 10.0. 

Methyl 5-0-benzyl-mribofuranoside 2,3-thionocarbonate (10) 
Treatment of methyl 5-O-benzyl-o-ribofuranoside6 (5, LO g) by the foregoing 

general procedure gave the 2,3-thionocarbonate 10 (0.5 g, 86%) as a syrupy, anomeric 
mixture, AzF1 236 mp (E 15,9oo)- 

Anal. Calc. for C,,H,,05S: C, 56.8; H, 5.4; S, 10.8. Found: C, 57.4; H, 5.5; 
S, 10.8. 
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Nucleosides. XXXIV. I-(2,3,5-Tri-O-trityl-p-D-ribosyl)uracil 

(2’,3’,5’-tri-O-trityluridine) 

To the best of our knowledge, the introduction of such bulky groups as triphenyl- 
methyloxy (trityloxy) groups on adjacent carbon atoms has not been reported. It 
appears noteworthy, therefore, that we have now isolated crystalline r-(2,3,5-&i-0- 
trityl-#?-D-ribosyl)uracil (2’,3’,5’-tri-O-trityluridine) monoethanolate (I), albeit in 
small yield (1.5%), from the reaction of 3.0 equivalents of trityl chloride with 
uridine in pyridine at elevated temperatures. Compound 1, which bears the 2- and 
3-O-trityl groups in a cis-vicinal relationship, was formed in a reaction which also 
produced the known 2,5-(2)1=2~s and 3,5-di-O-trityluridine (3)2a4 in approximately 45 
and 25% yields, respectively. 

A tri-O-trityluridine structure for 1 was established both from analytical data 
(C, H, and N) and from integration of the proton magnetic resonance (n.m.r.) curve 
(CDCls). N.m.r. data suggested the presence of about 45 aromatic (trityl) protons, in 
agreement with the theoretical number. That the three trityl groups are attached to the 
sugar moiety, and not to the pyrimidine residue, is based on several lines of evidence. 
A signal at t 1.20 probabiy represents a proton on N-3 of the uracil moietys, which 
would rule out the presence of a trityl group at O-2,0-4, or N-3. Indeed, a decrease in 
optical density at 260 mqc produced by the addition of alkali to an 80% ethanolic 
solution of 1 is consistent with the presence of a dissociable proton in the aglycon. 
A similar type of shift, attributed to dissociation of the N-3 proton, has been described 
for uridinee. Furthermore, methylation of 1 with excess methyl iodide and silver oxide 
in NJV-dimethylformamide for three days gave a new product having an ultraviolet 
absorption spectrum almost identical with that of 1 in neutral solution. Unlike com- 
pound 1, however, the U.V. spectrum of the methylated derivative is unaltered in 
alkaline solution, thus proving the presence of a replaceable proton on N-3 of 1. 

Proof that compound 1 had maintained the ribo configuration was shown by the 
detritylation of 1 to uridine, as the sole product, in anhydrous ethereal hydrogen 
chloride at o” within 60 min. 

The n.m.r. spectrum of 1 reflects an extremely crowded situation in this molecule, 
probably involving gauclze interactions between the 2- and 3-trityl groups, interaction 
between the 5-trityl group and the pyrimidine residue, and a marked distortion of 
normal bond angles in the furanoid ring. In the light of the recent generalization of 
Fromageot and co-workers2 that the chemical shift of H-5 in ribofuranosyl-uracils 
(and -cytosines) occurs at higher field for 2- than for 3-substituted derivatives (an 
observation corroborated by us, using deuterated methyl sulfoxide, H-5 in 2 t 0.31 
upfield from H-5 in 3), it is interesting to note that, in the solvent employed by us in 
this study, namely CDCla, the chemical shift for H-5 in 2 at t 4.78 is almost identical 
with that for H-5 in 3, z 4.73. In 1, however, H-5 is shifted much further upfield, 
to t 5.12, reflecting a strong shielding effect by’ the trityl groups. This effect is also 
observed in the upfield position of what is most probably the H-I signal, t 5.37, 
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which is far removed from the H-I signal in 2, t 3.28, and in 3, z 3.95. Unfortunately, 
positive identification of signals for H-z, H-3, and H-4 in 1 was not possible. H-5 
appeared as a wideiy spaced quadruplet, however, with a splitting of 11-12 c.p.s., 
which is centered at t 7.51. This multiplet probably reflects a severe restriction of free 
rotation about the C-4-C-5 bond, probably due to interaction between the 5-trityl 
group and the pyrimidine residue. 

HO OTr TrO OH 

1 2 3 

EXPERIMENTAL 

Melting points were determined on 2 Thomas-Hoover apparatus (capillary 
method) and are corrected. Elementary analyses were made by Spang Micro- 
analytical Laboratory, Ann Arbor, Michigan. Ultraviolet absorption spectra were 
recorded on a Cary Model 15 spectrophotometer. N.m.r. spectra were measured 
with a Varian A-60 apparatus operating at 60 Mc/sec. An internal indicator, tetra- 
methylsilane (z IO.OO), was employed. 

Tritylation of uridine 
To a solution of uridine (12.0 g, 0.05 mole) in 125 ml of pyridine at 94” (internal 

temp.) was added trityl chloride (42.0 g, 0.15 mole) with stirring. The solution was 
maintained at 120~ for 60 min, then at 100~ for 8 h. Excess trityl chloride was converted 
into the alcohol by the addition of ice (4-5g). The solution was poured, with stirring, 
into 2 1 of ice-water, and the gummy solid collected and washed on the filter with water. 

I-(z,pDi-0-trityl-P-D-ribofuranosyl)uraciI (z’,$-di-0-trityhridine) (2) 
The above gum was dissolved in chloroform, and the solution dried with 

sodium sulfate. After removal of the solvent in vacua, the residue was dissolved in 
benzene, and 2 in crude form (I 1.72 g) was obtained on addition of ether to the warm 
solution, followed by cooling, as previously describedI. Recrystallization of 2 from 
benxene+zther gave colorless needles, double m-p., 22I-223O and 24.&247O_ Crystalli- 
zation of 2 from ethanol gave needles, double m-p. 158-162~ and 248-250“, [a]ss 
3-94” (c 0.5, acetone); [cz]% +6g” (c 0.5, chloroform). ;tg&?ol 260 rnp (E 9200); .$$~I 
240 w (& 8370). Reported melting pOlntS are1 224-225O and3 223-224O. Reported 
optical rotations are +gI” (acetone)1 and tgI.4” (acetone)s. 
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adding water (up to IO%), and allowing the solution to cool slowly. Long, colorless 
needles, m-p. 113-116O, separated. This material gave a qualitative test for sulfur; 

bl”D” --IO (c 0.4, chloroform), [@12z f28” (c 0.3, acetone).The presence of one molecule 
of methyl sulfoxide per molecule of the crystalline product was indicated by n.m.r. 
(CDCls), which gave a single peak at ~7.41 integrating for 6.6 protons. $%inol 260 rnp 
(e 9900); ;2zzzno1 240 ~lyr (E 8260). Compound 3 had previously been obtained4 in an 
amorphous form, but was recently isolated as a crystalline monoethanolate7. 

Anal. Calc. for C47H4aN2Os - CsHsOS: C, 72.93; H, 5.75; N, 3.47. Found: C, 72.68, 
72.69; H, 5.81, 5.82; N, 3.49. 
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Nitrogen-containing carbohydrate derivatives 

Part XII’. Reaction of epimino sugars with nitrous acid 

From previous work on the nitrous acid deamination of simple alkyl aziridinesl, 
and of steroid epimines 2, to the corresponding alkenes, it would be expected that 
epimino sugars would give unsaturated sugars. Deaminations of methyl 4,6-O- 
benzylidene-2,3-dideoxy-2,3-epimino-c+D-all&ide (1) and the corresponding manno- 
side (3) have both given good yields of methyl 4,6-0-benzylidene-2,3-dideoxy- 
a-D-erythro-hex-2-enopyranoside (2). 

o-c+ 
/ 

Ph.CH 

‘0 
A-a_ 

H 

1 

0-CHe 

Ph_&o~om 

7 

2 3 
NO 

4 

In the case of the epimino alloside (l), it was possible to isolate the intermediate 
yellow N-nitrosoepimine (4), having an ultraviolet spectrum which corresponded we1 
with that recorded1 for N-nitroso-trans-2,3_dimethylaziridine. The spectrum also 
showed a band due to contaminating unsaturated glycoside (2). The N-nitroso- 
epimino mannoside was too unstable for isolation. 

This facile reaction provides a ready method of characterising epimino sugars 
and may, in some cases, provide a method of preparing unsaturated sugars inaccessible 

by other routes. 

EXPERIMENTAL 

Deaminatiorzs 

(a) Methyl q,d-Q-benzylidene-2,3-dideoxy-2,3-epimino-a-D-alloside (1). The 
epimino alloside (1)3 (263 mg; 0.001 mole) was dissolved in aqueous acetic acid 
(50%; IO ml). Sodium nitrite (103 mg; o.oor5 mole), dissolved in water (4 ml), was 
added. A yellow paste formed; this was diluted with water (20 ml), and the mixture 

was processed in two ways. 
(i) The mixture was rapidly fdtered, and the yellow precipitate was washed 

with a small volume of water and dissolved in methanol (IOO ml), with shaking at 

room temperature. The methanol solution was filtered and cooled to -20°, and the 

yellow methyl 4,6-O-benzylidene-2,3-dideoxy-2,3-N-nitrosoepimino-~-D-a~oside (4) 
(28O/o) (Found: C, 57.8; H, 5.5; N, 9.2. C&I&T205 talc. C, 57.9; H, 5.5; N, 9.6%) was 
collected in a pre-cooled filter and dried in a pre-cooled desiccator (PZOS). The product, 
which could be kept for a few days at -20°, had VW 1510 cm-1 (N=O), A=:” 
217, 257, and 451 rnp (sEmax not recorded, because of the compound’s instability); 

*Part XI. G. J. F. CHXI-I-ENDEN AND R. D. GUTHF~IE, J. Chem. Sec., 1966 (c) 1508~ 
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Clark and Helmkampl reported I.zzH 254 and 457 m,U for ~nitroso-trans-2,3- 
dimethylaziridine. Methyl 4,6-O-benzylidene-2,3-dideoxy-a-~-erythro- 
noside has A::,“” 217 rnp. 

The N-nitrosoepimine was thermally unstable and became colourless after 
storage for about 4 h at room temperature. In an attempted m.p. determination, the 
compound turned colourless at 6o-70”; continued heating gave m.p. 115-1~6” (the 
unsaturated glycoside 2 has m.p. I 19-120~). 

(ii) The mixture was made alkaline by addition of 2~ sodium hydroxide, and 
then extracted with chloroform. The extracts were dried (NaaSO4) and evaporated. 
The crystalhne residue (249 mg) was recrystallised from ethanol to give methyl 
4,6-O-benzvlidene-2,3-dideoxy-a-D-erythro-hex-2-enopyranoside (2) (81%), m-p. I IS- 
rrg”, [cz]2D6+r2g” (c 0.2, chloroform) (Lit.*, m.p. I rg-Izoo, [cc]? +ragO). 

(6) Methyl 4,6_O-benzylidene-2,3-dideoxy-2,3-epimin~a-D-m~noside. This com- 
pound* was treated as in (a) above. Procedure (i) gave a very unstable, yellow product, 
presumed to be the N-nitrosoepimine. Procedure (ii) gave the unsaturated glycoside 
(2), in 78% yield, m.p. 11g-120'. 
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*This epimine, usually made from the diaxial methyl z-azido-4,6-O-benzylidene-z-deoxy-x-u- 
altroside 3-methanesulphonate3. has also been synthesised from the corresponding diequatorial 
3-azido-n-glucoside z-methanestdphonate by using the same conditions. The epimine was isolated, 
in 71% yield, as its N-acetyl derivative. (This experiment was carried out by D. Murphy.) 

Curbohydkzte Res., 3 (x966) 128-129 



130 NOTES 

Crystalline trimethylsilyl ethers of cyclitols: hexakis(trimeth$4silyl) 
ethers of myo-inositol and sty//c-inositol and pentakis(trimethylsilyl) 
ether of myo-inosose-2 

Trimethylsilylation is ausefulmeansofconvertingcarbohydratesintocompounds 
sufficiently volatile for gas chromatography. A comprehensive account presented by 
Sweeley, Bentley, Makita, and Wells’ in 1963 clearly demonstrated the research 
potential of trimethylsilyl ethers of sugars. This procedure is now widely accepted 
among those concerned with separation and identification of carbohydrates. As one 
reviews the growing literature, it becomes apparent that an easily prepared, stable 
reference compound is needed. 

Fully trimethylsilylated derivatives of myc-inositol, scyllo-inositol, and myo- 
inosose-a, as well as all other isomers of inositol, have been prepared and their 
retention times have been reported ‘*‘; but to this author’s knowledge, no report has 
yet appeared in which the physical properties of these compounds are detailed. Most 
fully silylated sugars are liquids at room temperature3. In the course of a program 
devoted to the study of carbohydrates related to plant cell-wall biosynthesis, a number 

of the fully trimethylsilylated derivatives were prepared in bulk. Of those investigated, 
myo-inositol, scyllo-inositol, nzyo-inosose-2, and galactitol formed crystalline com- 
pounds. All were easy to prepare, readily purified by sublimation, and completely 
stable under normal conditions of storage. In short, these crystalline trimethylsilyl 

derivatives have precisely the qualities desired for a reference substance. 

myo-Inositol (Nutritional Biochemical Corp., Cleveland, Ohio) was recrystal- 
lized from water. myo-Inosose-2 was prepared from myo-inositol by the action4 of 
Acetobacfer suboxydans ATCC-621. Inosose was purified by preparation of the 
phenylhydrazone which was recrystalliied and treated with benzaldehyde to form free 
inosose. scyllo-Inositol was prepared from pnyo-inosose-a by reduction with sodium 
borohydride5. The insoluble scyllo-inositol diborate was converted directly into scyZZo- 
inositol hexaacetate and recrystallized from hot acetic anhydride. Hydrolysis of the 
hexaacetate6 gave crystalline scyllo-inosjtol, which was recrystallized from water and 
alcohol. 

Galactitol was prepared from D-galactose by reduction with sodium boro- 
hydride’. 

To prepare fully trimethylsilylated ethers, the carbohydrate (0.01 mole) was 
dissolved in dry, redistilledpyridine (75 ml). To this solution, at o’, was added hexa- 
methyklisilazane (0.1 mole, 16.1 g) (Aldrich Chem. Co., Milwaukee, Wis.) and 
chlorotrimethylsilane (0.05 mole, 5.4 g) (Applied Science Labs, Inc., State College, Pa.) 
The mixture was stirred for one I h, during which the contents of the flask reached 
room temperature. Stirring was continued for 3 h at 40”. Solvent and excess reagents 
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were removed at reduced pressure in a rotary evaporator. The residue was slurried 

in heptane (20-30 ml) to extract the product and then the residue was filtered off. After 
washing the residues with more heptane, washings and filtrate were combined, and the 

heptane was removed in a rotary evaporator. As the solvent was removed, the product 
crystallized; the yields were nearly quantitative. Sublimation at o. I mm and 100” gave 
sharp-melting crystals which remained unchanged after repeated sublimation. 

M.p.‘s are corrected and infrared spectra were recorded on potassium bromide discs. 

~,2,~,~,~,6-Hexakis-O-(trimethyIsilyl)-myo-inositol 
A white crystalline solid, m-p. I 18-x 19”. Infrared spectrum: a strong absorption 

characteristic of trlmethylsilyl ethers at 1245 cm -‘. Five strong absorptions in the 
95o-1200 cm-’ region, at 995, 1045, 1075, 1115, and 1180 cm-‘. 

Anal. Cab for C,,H,,O&$ C, 47.00; H, 9.86. Found: C, 47.26; H, g-92. 

r,2,3,4,5,6-Hexakis-O-(trimethylsilyl)-scyllo-inositol 
A white crystalline solid, m.p. 179-180”. Infrared spectrum: strong charac- 

teristic absorption at 1245 Cm” and two strong absorptions at 1030 and I 145 cm”. 
Anal. Calc. for C24Hs,-,06Si,: C, 47.00; H, 9.86. Found: C, 46.90; H, 9.90. 

~,~,q,~,6-Pentakis-O-(trimethyZsiZyl)-myo-inosose-~ 
A white crystalline solid, m-p. 98’. Infrared spectrum: carbonyl stretching 

absorption at 1750 cm-l, strong characteristic absorption at 1240 cm-l, and three 
strong absorptions at 1005, 1045, and 1130 cm-‘. 

Anal. Calc. for C21H5006Si5: C, 46,78; H, 9.35. Found: C, 46.91; H, 9.77. 

Hexakis-0-(trimethyLsilyl)gaZactitoI 
A white crystalline solid, m-p. 78”. The elemental analysis and the infrared 

spectrum were not determined. 

Gas-liquid chromatography 
Each of the compounds just described gave a single symmetrical peak having 

a retention time identical to that of the trlmetbylsilyl derivatives of myo-inositol, 
scyllo-inositol, myo-inosose-2, or gala&to1 prepared in the usual wayl. The retention 
times of trimethylsilyl derivatives of a number of carbohydrates relative to the 
retention time of each of the three cyclitol derivatives are listed in Table I. These 
values were determined after injection, into the gas chromatograph, of a mixture of 

the carbohydrate derivative (0.1-0.4 pg) and each of the three cyclitol derivatives 

(0.2 pg) in heptane (total volume of 0.4-0.6 ~1). The instrument was a dual column 
chromatograph (Packard Inst. Co., Downers Grove, Ill., Model 7821) with flame 
ionization detection. Columns were glass coils, 4 mm by 1.8 m, packed with 3 oA 
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silicone polymer, JXR, on Gas Chrom Q, 100-120 mesh (Applied Science Labs, 
Inc., State College, Pa.). They were flushed with nitrogen at 12 lb. inW2, 60 ml/mm. 
The inlet temperature was 240°, the detector temperature 260°, and the outlet tempera- 
ture 265”. The sampks were introduced into the co1umn at 140~ and the elution was 

TABLE I 

RETENTION TIMES OF SELECTED FULLY TRIMETHYLSILYLATJZD CARBOHYDRATES 

Compounds 
Retention time relative to: 

myo-inosose-2 scyllo-inositol myo-inositol 

@-I-Arabinopyranosea o-34 0.26 
2-O-Methyl-o-xylose 0.36 0.28 
a-n-Xylopyranosea O-55 o-44 
Xylitolc 0.60 0.48 
I_-Arabinitol” 0.63 0.51 

Methyl a-D-mannopyranoside” 0.72 0.58 
I-Rhamnitol” o-73 0.58 

Quebrachitol o-77 0.62 
Pinitol 0.86 0.69 
I-Galactono-I,4-lactone= 0.91 0.72 
Methyl a-D-glucopyranosidea 0.91 o-73 
L-Gulono-r,4-lactonec o-96 0.76 
a-D-Glucopyranosea o-96 o-77 
myo-lnosose-26 1.00 0.81 
D-Mannitol” 1.07 0.85 
Ononitol I.08 0.87 
D-Glucitoln I.09 0.86 
Galactitolb I.09 0.87 
I-Inositol 1.11 0.88 
D-Bomesitol I.15 0.93 
a-D-Glucopyranosea 1.17 0.94 
scyllo-lnositolb 1.24 1.00 

myo-Inositolb 1.36 1.08 

o-24 
0.26 
0.41 

0.46 
0.48 

o-54 
O-55 
0.58 
0.64 
0.66 
0.67 
0.70 
0.71 

0.75 
o-79 
0.80 

0.79 
0.80 
0.82 
0.86 
0.87 

o-93 
1.00 

OThe fully trimethylsilylated derivative is a liquid at room temperature. 
Qhe fully trimethylsilylated derivative is a crystalline solid at room temperature. 

programmed linearly, after a 2-min delay, to 210~ at $‘/min. The sensitivity of the 
electrometers was r X row9 amperes. Under these conditions, the trimethylsilylated 
myo-inositol peak appeared about rg min after injection. 

DISCUSSION 

Three trimethylsilylated cychtols described in this paper show considerable pro- 
mise as internal references for the determination of the retention times of other 

silyhtted carbohydrates. All three are stable crystalline compounds, easily purified by 
sublimation. When normal precautions are observed to prevent solvent losses, heptane 
solutions of these ethers can be stored for indefkite periods. 
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Generally it is advantageous to use a reference consisting of more than one 
standard compound, since derivatives having retention times close to one or other of 
the references empIoyed are often encountered. In the values reported in Table I, only 
cyclitols were used as reference substances. Galactitol would also have served as well. 
It is interesting that the fully trimethylsilyIated derivatives of mannitol and sorbitol are 
liquids. 
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A synthasis of D-glucose-&T-f and D-glucose-54 b-phosphate 

During studies of the mechanism of enzymic transformations in the sugar series, 
D-glucose-5-t 6-phosphate was required. At that time, syntheses of D-glucose+ and 
D-glucose-5-d had not been reported, and synthesis by the following route was under- 
taken. 

Calcium D-q&5-hexulosonate &oxo-gluconate), which is readily prepared 
by oxidation of D-glucose1 with Acetobacter su6o~ydan.s, was reduced by sodium 
borotritiide, after conversion into the sodium salt. The resulting mixture of D-gluconic- 

5-t and r_.-idonic-5-t acids was subjected to mild lactonization, which permitted the 
selective formation of D-glucono-r&actoneq-t. Sodium borohydride reduction, 
followed by deionization, gave chromatographically pure D-glucose-5-t which was 
characterized as methyl a-D-glucopyranoside. After more vigorous lactonization in 
preliminary experiments, some r,6-anhydro-r.-idose was detected after the second 
reduction. D-Glucose-5-t 6-phosphate was prepared using hexokinase2. 

A partial degradation of the D-ghtcose molecule was carried out to ensure’that, 
under the conditions of the initial reduction, no isomerization of the 5-0x0 group 
occurred which might lead to introduction of labelhng at C-4 or C-6. The hydrogen 
atoms at C-6 were isolated as the formaldehyde-dimedone (5,5-dimethylcyclohexane- 
r,3-dione) complex after periodate oxidation of D-glucose. 

Carbon atoms 4,s. and 6 were isolated as glycerol (3) by periodate oxidation of 
methyl cc-D-glucopyranoside (l), followed by reduction of the dialdehyde (2) formed, 
and acid hydrolysis. The glycerol thus produced had only 76% of the activity per pmole 
of the methyl glycoside, probably because of acid-catalysed exchange of tritium with 
the solvent in the intermediate dialdehyde (2), in which the tritium is located CL to the 

“20” 

-T 

t 

OH 

OH 
C&OH 

1 2 3 

aldehyde group. Periodate oxidation of the glycerol showed that no activity was 
located at C-4 or C-6 of the D-glucose molecule. Periodate oxidation of D-glucose- 
5-t 6-phosphate gave glycolaldehyde a-phosphate; this was converted into ethanediol 
r-phosphate dicyclohexylamine salt which retained 92% of the activity. Thus, the 
tritium was localized at C-5 of the D-ghCOSe and D-glucose 6-phosphate. 

While this work was in progress, the preparation of r,2-U-isopropylidene-a-D- 
glucofuranose-5-d was reported from r,2-O-isopropylidene-a-D-glucofuranurono- 
6,3-lactone3 and also by a similar procedure to that outlined above4. In the latter case, 
the product was contaminated with L-idose and D-glWitO1 derivatives. 
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EXPERIMENTAL 

Radioactivity was measured on an I.D. L. Liquid Measuring Head 2022. 
Generally, dioxane-based iiquid scintillator NE 220 [Nuclear Enterprises (G. B.) Ltd.], 
containing 0.05 ml of water in 4 ml, was used; this gave 20% efficiency. Since D-glucose 
6-phosphate and ethanediol r-phosphate dicyclohexylamine salt are not sufficiently 
soluble in dioxane, a solution of 2,5-bis(5-rert-butylbenzoxazolyl-2)thiophen(B.B. 
O.T., Ciba Ltd.) (4 g/l) in 50% (v/v) toluene-methanol, containing 0.05 ml of water in 
5 ml, was used; this gave only 3.2% efficiency. 

D-Glucose-5-t 

Calcium D-xylo-5-hexulosonate (269 mg, I mmole) was suspended in water 
(5 ml) and stirred with Amberlite IR-120 (Hf form) until it was all converted into 
the free acid (about I h). The resin was filtered off, and the acid was neutralized to 
Methyl Red with sodium hydroxide. Sodium borotritiide (IO mg, 0.25 mmole, 5 mc) 
in water (2 ml) was added over IO min at room temperature, with stirring, and the 
mixture was left for a further IO min. Amberlite IR-120 @I + form) was added to stop 
the reaction and remove sodium ions. The solution was evaporated to dryness at 
30-35” in vacua, and dioxan (6 x 5 ml) was distilled from the residue at 30-35” in vacua. 
The mixture of acids and lactones was redissolved in ice-cold water (LO ml), and 
sodium borohydride (15 mg, 0.37 mmole) in water (2 ml) was added over 45 min with 
stirring at o” and pH 3-4. After a further 15 ruin, Amberlite IR-120 (H+ form) was 
added, followed by Amberlite IRA-400 (CO” s form). The solution was stirred for 
30 min to decompose any remaining lactone and to deionize the solution. The resin 
was filtered off and washed well, and the filtrate was evaporated to dryness in vacua 
at 35-40” to give chromatographically pure D-glucose-5t which was further purZed 
by chromatography on Whatman No. 3 MM paper, using ethyl acetate-pyridine-water 
(120:50:40) as solvent. YieId: 30 mg, 17x, 1.S mc/mmole. 

Methyi a-D-ghcopyranoskie-5-t 

Carrier n-glucose (360 mg) was added to ~-glucose-p (6 mg) and refluxed 

with 3% methanolic hydrogen chloride for 3 h. The solution was deionized with 
Amberlite IRA-400 (CO 9” form) in methanol and evaporated to a syrup which was 
recrystallized from ethanol and ethyl acetate to give methyl a-D-glucopyranoside-5-2 
(205 mg), m-p. 16x0, 30 pc/mmole. 

D-Glucose-5-t 6-phosphate 
D-Glucose-J-r (30 mg, 120~~) was dissolved in 0.05~ 2-amino-2-hydroxymethyl- 

propane-r,3dioLhydrochIoric acid buffer (pH 8.2). Adenosine g-triphosphate disod- 
ium dihydrogen salt (74 mg) was added, followed by hexokinase (IOO units in 0.2 ml). 
The solution was incubated for 2 h at 35”, with shaking, and boiled to denature protein, 
and, after centrifugation, the supematant solution was chromatographed on Whatman 
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No. 3 MM paper, using butanol-acetic acid-water (4:1:5). The area corresponding 
to D-glucose-5-t 6-phosphate was eluted. Yield: 30 mg, 80 ,uc, 66%. 

Degradation5 of D-giucose-5-t 
To a ~-ml sample of D-ghCOSe-J-t, containing 8.5 x 10s c/mm, was added 

carrier D-glucose (18 mg); final activity 8.5 x 103 c/min/~mole. Periodic acid (0.2 ml, 
SO%, w/w) was added to the solution which was left overnight at room temperature 
and then poured into a solution (20 ml) containing dimedone (IOO mg), NasHP04 
(93 mg), and NaHsPO4.2HzO (70 mg). After I h, the formaldehyde-dimedone com- 
plex (22 mg) was recrystallized from methanol three times; m.p. 182-3O, 6.1 c/min/ 
,umole. Activity (c$ D-glucose), 0.07%. 

Degradation of methyl a-D-gkopyranoside-5-t 
Methyl a-D-ghrcopyranoside-5-t (70 mg, 5.5 x 10s c/min/~mole) was dissolved 

in water (2 ml), and periodic acid (240 mg) in water (2 ml) was added. After 2.5 h 
at 35”, the solution was deionized. To the resulting solution (20 ml) was added sodium 
borohydride (30 mg), and, after 1.5 h at room temperature, 5 ml of 2~ hydrochloric 
acid. The solution was maintained at 60” for 30 min, the acid was neutralized to 
Methyl Red with N sodium hydroxide, and sodium borohydride (20 mg) was added. 
After I h, the solution was evaporated to dryness in vacua, and methanol was added. 
The sodium chloride was filtered off and well washed with methanol, and the methanol 
was again removed. The remaining solution was deionized, and chromatographed on 
Whatman No. 3 MM paper by using butanol-ethanol-water (4:1:5); the glycerol 
(AF 0.47) was eluted. The glycerol content was estimated by titration of the formic 
acid released during periodate oxidation, compared with a weighed standard; it had 
4.2 x ro3 c/min/~mole. The glycerol was oxidized with periodic acid, and the formal- 
dehyde-dimedone complex was isolated as described for the degradation of D-glucose- 
5-t. After three recrystallizations from methanol, the formaldehyde-dimedone complex 
had m.p. I 8 1-2~, 2.4 c/min/~mole. Activity (CA glycerol), 0.05%. 

Degradation of D-gkose-5-t &phosphate 
To a r-ml sample of D-glucose-5-t 6-phosphate disodium salt, containing 

4.96 x 10s c/nun, was added D-glucose 6-phosphate disodium salt (60 mg); final 
activity, 2.48 x 104 c/min/mmole. Sodium periodate (160 mg) in water (I ml) was added 
and, after 20 mm, the solution was titrated (Methyl Red) with N sodium hydroxide 
(0.6 ml). The sodium iodate was precipitated with alcohol (5 ml) and removed by 
centrifugation. Sodium borohydride (20 mg) was added, and after I h at room temper- 
ature, Amberlite IR-120 (H-F form) was added, and the deionized solution was 
evaporated to dryness in vacua at 35-40”. Methanol was added and evaporated five 
times, and the yellow residue was dissolved in water (I ml). Cyclohexylamine (0.1 ml) 
was added, and, after I h, the water was removed in vacua at 35-40”. The syrup was 
dissolved in hot alcohol, and ether was added to produce turbidity. After two recrys- 
tallizations, the needles of ethanediol I-phosphate dicyclohexylamine salt had m.p. 
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150-155° (tik6, 160-165”); activity, 2.28 x 104 c~min/mmole. Activity (c$ ~-glucose 

6-phosphate), 92%. 
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Preliminary communications 

A new route to 3-deoxy-3-fluoro-D-glucose 

Whereas the replacement of primary hydroxyl groups of hexose and pentose 
derivatives by fluorine atoms is readily accomplishedl, the replacement of secondary 
hydroxyl groups has only recently been reported. Derivatives of 2-deoxy-2-fluoro- 
D-ribosee, 3-deoxy-3-fluoro-D-xylose3, 2-deoxy-2-fluoro-D-ahose and -D-altrose4, and 
3-deoxy-3-fluoro-D-glucose4 are now known. Preparation of the last compound 
involved treatment of a a,3-anhydro-D-allose derivative with hydrogen fluoride-boron 
trifluoride at -70~ which afforded the deoxyfluoro-D-gluco-derivative as the minor 
reaction-product. 

We have found that conversion of r&5,6-di-0-isopropylidene-a-D-allofuranose5 
into the 3-toluene-p-sulphonate, m.p. 120-121”, [cc]~ + 87” (c 1.0, chloroform) 
(Found: C, 54.75; H, 6.3; S, 8.0. CIQHZSSOS talc.: C, 55.1; H, 6.3; S, 7.7x), followed 
by treatment6 with tetra-n-bu ylammonium fluoride in boiling acetonitrile, gave 
3-deoxy-3-fluoro-r,2:5,6-di-O-isopropylidene-r-D-glucofuranose (1,40x), b-p. 80-85“ 
(bath)/o.r mm, [& -2~2~ (c 1.0, chloroform) (Found: C ,55.5;H, 7.3; F, 7.6. 
C12H19F05 talc.: C, 55.0; H, 7.3; F, 7.3%). S imilar treatment of 1,2:5,6-di-O- 
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150-155° (tik6, 160-165”); activity, 2.28 x 104 c~min/mmole. Activity (c$ ~-glucose 

6-phosphate), 92%. 
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isopropylidene-3~U-toIuene-p-sulphonyl-a-D-glucofuranose afforded 3-deoxy-I&5,6- 
di-O-isopropylidene-cr-o-e~~~~~~-hex-3-enofuranose’. 

The n.m.r. spectrum (19F, CDC13) of compound (1) contained 8 signaIs (centre 
of gravity, s-l-207.8 p.p.m. with respect to CCkF) having the following coupling 
constants .T~,P 49.8, Jf&F 29.8, and JR~F 10.8 c.p.s. The lH-spectrum showed, 
inter aliu, a doublet at z 4.06 (.I 3.8 c.p.s.) for the anomeric proton. The signal for 
H-3 was a doublet of multiplets with the low-field portion at t 4.60. 

Mild, acid hydrolysis of compound (1) gave a non-crystalline product having a 
mobility and detection characteristics on paper cbromatograms identical with those 
of 3_deoxy-3-fiuoro-D-glucose prepared by Johansson and Lindberga. 

The chemistry of 3-deoxy-3-fluoro-r,z:5,6-di-O-isopropylidene-#-D-glucofur- 
anose is being further investigated since, by graded, acid hydrolysis, it could provide 
access to hexose and pentose derivatives containing more than one fluorine atom. 

The authors thank Professor M. Stacey, F.R.S., for his interest, Professor 
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a-0x0 carbenes of the carbohydrate series 

In studying the formation and reactions of carbene derivatives in the carbo- 
hydrate field, we have examined the decompo&tion of I-deoxy-r-diazoketose acetates. 

In the presence of copper oxide or copper powder, these compounds give rise to a-0x0 
carbenes. 

The decomposition of penta-O-acetyl-r-deoxy-r-diazo-keto-D-gluco_heptulose 
(1) in boiling benzene, in the presence of copper oxide, results in the formation of 

r,2-bis(penta-0-acetyl-D-gluconyl)ethylene (3), m.p. I 1$117~, [a];’ 3-26” (c 5, chloro- 
form) (Found: C, 50.53; H, 5.40. C34H440tZ talc.: C, 50;74; H, 5.47%). Presumably, 
the QI-0x0 carbene (2) is formed initially and subsequently dimerises’**. 
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In a similar reaction, a carbohydrate residue was linked to the B_position of 
indole3. In toluene at g5-roe@, with copper powder as catalyst, penta-O-acetyl-r- 
deoxy-r-diazo-kero-D-g&z&o-heptulose and indole reacted to give penta-O-acetyl-r- 
deoxy-I-(indol-3-yl)-keto_D-galacto-heptulose (da) (27-30x) as a yellow powder, 
A,,,, 222 (E 26,800) and 280 mc( (E 75ooj Found: C, 58.20; H, 5.49; N, 2.50. C25H,9N0, 1 
talc,: 57-80; H, 5.58; N, 2.69). Oxidation of compound (4a) with oxygen in an alkaline 
medium afforded indole-3-carboxylic acid. 

In a similar manner, penta-O-acetyl-r-deoxy-r-(Wmethylindol-3-yl)-keto-D- 
galact+heptulose (4b) was obtained as a yellow, amorphous powder, A,, 222 

(6 26,500) and 282 m,u (e 6200) Found: C, 58.20; H, 5.88; N, 2.80. Cz6H3,N0,, 
cd.: C, 58.53; H 5.81; N, 2.62%). 

Likewise, a carbohydrate residue could be introduced into the er-position of 
thiophene. Thus, decomposition of penta-0-acetyl-I-deoxy-r-d&o-keto-D-g&zcfu- 
heptulose in boiling thiophene, in the presence of copper powder, gave pen&O- 
acetyl-r-deoxy-I-(2-thienyl)-keto-D-galaose (5) as a yellow powder, m.p. 
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- ; .. 

Cl+-i-KHOAc,,-CyOAc 

0 

4a R=H R 5 
4b R==Cl+ 

-cr_lzoAl-: .-: 
AcOH+(7HOAc)4-~ 

0 

6 

130-I#, &ax 248 (e &o) and 275 rnb (E 4600) (Found:C, 51~54: H, 5.67; S, 6.39. 

&&OIIS cali.: C, 51.86; H, 5.35; S,.6.5S”%). ’ 
According to the literature4, furan and its derivatives give open-chain products 

with diazoketones. Hence, the syrupy product from the reaction of penta-O-acetyl-r- 
deoxy-I-diazo-keto-D-g&c&heptulose with aimethylfuran is assigned the structure 
I-(penta-O-acetyl-D-galactonyl)-hexa-I,3-dien-pone (6), & 223 (e 5000) and 

286 mp (s 93oo), v,, 1756 (strong), 1690 (medium), 1621 (weak), 1380 (strong) and 
1430 Cm-l (medium). F ound: C, 54.30 H, 5.93. C12H28012 talc.: C, 54.54; H, 5.78%). 

A full report of this work will be published elsewhere. 
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ACTION DE L’a-GALACTOSIDASE DU CAFE SUR QUELQUES GALACTO- 
MANNANFS 

J E COURTOIS ET P LE DIZET 

Loboratowe de Chlmle Blologrque, Facultd de Pharmacze, Pans (Franre) 

(R-u le 21 f&ner 1966, sous forme rev&e le 31 maI 1966) 

INTRODUCTION 

Les galactomannanes des grames de LRgumineuses presentent une assez grande 
homogenerte de structure - unites a-D-galactopyranosyl branch&s en 6 sur une chahre 
de mamane constrtu&e d’umtbs B_D-mannopyranosyl reh&s en (I +4). Les princrpales 
differences r&dent dans le rapport molecularre mannose/galactose ou M/G. Dans les 
galactomannanes putiCes les valeurs de M/G s’etendent du voisinage de I,O-1,2 

(Tr&oolnnn, MedIcago) A 3,5-4,o (Ceratonxa, Gied~t.schia)‘-3. 
Dans les galactomannanes 5 rapport M/G > 2 la repartrtion des mol&ules 

de galactose le long de la chaine n’est peut-%re pas aussi r&gu&e qu’ri avait Btb 
envrsage pnnutrvement4-5 

L’ar-galactosrdase (3 2 I 22) du Cafe hbtre du galactose B partrr des galacto- 
mannanes6-* L’hydrolyse a&e au debut, se ralentrt ensutte et Jusqu’icr n’a Jamars 
permts de detacher la totahte du galactose. 

Ces essars avarent ettt r&&s& avec des preparatrons enzymatrques partrellement 
punfiees Pefek et To Dongg ont reussi g purrfier les a-galactosnlases du Cafe. Nous 
avons utlhse ces enzymes pour Ctudrer systematrquement l’hydrolyse de galacto- 
mannanes a valeurs drstmctes du rapport M/G Parmr les galactomannanes utrhs&es 
seule celle de Gledztshia ferox a fourni un precipite relatrvement abondant; nous 
avons CtudtC cette fractron msolubrhsCe par l’enzyme 

MAT&EL ET TECHNIQUES 

Galactomannanes 
Elles ont Bt& obtenues par extra&on aqueuse des grames, pr&prtatron par 3 vol. 

d’ethanol 5 g5%, reprtse par l’eau, dralyse et nouvelle pr&crprtatron par l’ethanol 
Ces opCratrons sont rep&&es trots fors successrvement. Les preparatrons obtenues 
sont pratrquement depourvues de protemes d’apres la r&a&on au bmret 

La plupart de ces galactomannanes ont Ctb d&n&s dans notre publication 
ant&reure2 

Triflzzmz repens Extractron aqueuse 5 la temperature du laboratorre (203, M/G 

r,o7 (11 
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Gemsta scopana. Extra& B 2o”, M/G 1.59 (2a). 

Le restdu de I’extractron B zoo est traitt par I’eau a 5o”, M/G 166 (2b) 

Gleditschiaferox Les graines a matmite sent extraites & 2o”, M/G 3,g (3a), pws ensuite 
Q 5o”, M/G 3,86 (3b). Les graines vertes sont extraites avant maturate selon Courtols 
et Le Dlzetz. L’extractron est farte par l’hydroxyde de sodium drlue, smwe de precipt- 
tation par le reactif cupro-alcalm Le pr&prtC est repns par une solutton d’acrde 
chlorhydrique et la solution est dmlysk et prt%rprt&c par L’6thanol; M/G 3,82 (3~) 

Gleditschza trzacanthos Extrait a 2o”, M/G 3,82 (4a), Extract B 50”, M/G 3,76 (4b) 

Ceratonia siliqua Extrart a 2o”, M/G 3,88 Q 

Enzymes 
(I) Priparation partrellement purifiee des graines de Cafe” (2) Fracttons 

purrfiees obtenues par Clutron B partrr d’une colonne d’alumme’“. Par smte du fatble 
rendement, nous employons le melange des fractrons CluCes a pH 5,1, pms a pH 6,0 
d;alydes et 1yophrhsCes Ce m6lange renferme une fatble proportion debgalactosidase, 
il est depourvu d’actrvltt sur les /I-D-mannanes et /3-D-mannosides 6tudrCs 

Technzques 
Les oses reducteurs sont determmb par la methode au rdactrf cupro-alcahn de 

Nelson et Somogyr l1 Les monosaccharrdes et ohgosaccharides sont caractenses 
par chromatographre descendante avec le melange de solvant I-butanol-pyridme-eau 
(g 5 4, v/v) Pour 1’6tabhssement du rapport M/G, les bandes correspondant au galac- 
tose et au mannose sont dtkoupCes, extrartes par l’eau B zoo, puis 40” Les extracts 
sont concentres et doses par la methode Nelson-Somogyr 

pN Optzmum 
IX Cafe contrent deux or-galactosidases, dont les pH optimums vis-?wrs du 

phenyl a-D-galactosrde sont respectwement de 5,3 et 6,11°. Chacune des deux fractrons 
d’a-galactosidase hbke du galactose B partlr de la galactomannane de Luzemeg 

Avec les galactomannanes de GIedztschza ferox 3a et de Ceratonza 5, le melange 
des deu a-galactosrdases et lestampons acrdecrtnque-phosphate drsodrquefourmssent 
des courbes avec un seul optimum tres aplatr au vorsmage de pH 5,o L.es courbes ont 
le mdme aspect avec des doses drfferentes de preparatron enzymatrque 

Hydrolyse en fonctzon du temps 
La quantlte de substrat est chorsre en fonctron du rapport M/G, de facon a 

opposer l’enzyme a une quantite constante de galactose combme La solutron de 
galactomannane (I ml) contenant le galactose combme (r,8g mg) est additronnee de 
tampon acrde acbtrque-hydroxyde de sodmm (0~5 ml) de pH 4,8, de solutton 
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d’a-galactosidases purdi&s (I ou 2 ml) et de l’eau pour obtemr un volume total de 
5 ml. Apr& hydrolyse B 37” nous obtenons les resultats groupCs dans le tableau I. 
A titre comparatif, nous y avons f;ilt figurer en bas les rt%ultats obtenus avcc deux 
ohgosaccharides - ffiose et stachyose. 

Avec tous les substrats la chromatographie n’a permis de dkeler que la hbkation 
de galactose 

Les pourcentages de galactose hb&& ne permettent pas de d&&encier les galacto- 
mannanes & rapport M/G voism de I,O (Trzfblizun et Genista) de celles oti il sW&ve 
vers 4,0 (Gledztschza) Hue’ n’avatt pas observd de d&&ewes slgmficatlves entre les 
wtesses rnitiales de liberation du galactose des galactomannanes de Medicago satzva 
(M/G I), de i’kgoneiia f~enum graectm (M/G I) et de Coesalgznza spznosa (M/G 3) 

Dans une meme graine 03 les deux fractions de galactomannanes ont des M/G 
et pouvoirs rotatolres tr&s volsins, la fraction extraite & 20~ est hydrolysee plus raplde- 
ment que cfzlle extnute ensulte B 50”_ 

TABLEAU I 

ACTION DE L’tX-GALACTOSIDASE DU CAFE OPPOSE& ri pH 4.8. A DES QUANTIl+S I?QUIMOLl?CULAIRES DE 

GALACTGSE COhiBINta 

Galortomatmnnes I ml de prPparatzon 
t?~Zympl‘~UC 

z ml de prhparatron enrymatzque 

DurPe rfl?ydroIyse 
6h z4h 48h 6h 24h &‘h 

Trzfolzum repens 1 
Gemsta scoparza ta 

2b 
GIedztschra ferox 3a 

3b 
3c 

Gledztschta trtacan- 4n 
thos 4b 
R3ihOSL3 

Stachyose 

II.7 
12~7 
639 

13.2 
8,o 

18.5 
14.3 
9.5 

6490 
12.0 

16.4 23,3 
1795 2333 
II,1 18.0 

200 29.1 
IO,0 18,o 
25.0 35.0 
20,o 2931 
18.0 x8.5 

87.0 100,O 

22.6 31.0 

18,o 
16.4 
IO,0 
x8,0 

::i 
17,s 
13.7 
78.5 
21.5 

24,4 4595 
2418 44.5 
17.5 35,o 
31.7 45.0 
21.7 35.4 
37.6 56.5 
3197 45,o 
27.5 37.6 

100,O X00,0 

3790 68,0 

OLes ch1ffres du tableau correspondent au pourcentage du galactose MY&~ Les conditions expCn- 
mentales et les produm sont d&Its dans le texte 

11 est & signaler que dans le genre Gledztschra les fractions extraltes 6 zoo de 
G. ferox et G triacanthos (321 et 4a) sent hydrolydes & la meme vitesse par I’a-galacto- 
sidase. 

Nous avons observe par alleurs que selon l’onsne de la galactomannane 
11 n’existe pas de relation dwecte entre la &mmution de viscosltk au tours de l’hydrolysc 

et la hbtkatlon du galactose C’est amsi qu’aprks 48 h, avec des pourcentages de 
galactose hbkrk VOISI~S, les dunmuttons de wscoslt& relatrve sont de IO% pour Trzfo- 

lzum et de 45% pour Gl ferox 3a. 
L’hydrolyse a-galactosldaaque ne provoque pas la chute brutale de wscoatC 
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observee avec la d6polymCrase de Leucaena glauca amsant sur la galactomannane de 
cette game” Dans des recherches en tours, nous avons note la mCme chute brutale 
en farsant reagrr l’hCmrcellulase Novo de BQCZZZ~LS szzb~zlzs sur drverses galactomannanes. 

Le pords molecularre du substrat pardt mfluer nettement sur la vrtesse galacto- 
srdasrque. Dans le bas du Tableau I nous pouvons observer que le rafIinose est 
hydrolyse beaucoup plus rapidement que le stachyose, dont le galactose n’est pas 
totalement d&ache avec 2 ml d’enzyme en 48 h 

A pH 4,6 et 37O, la valeur de la constante de Mrchaehs determu& par la methode 
graphrque de Lmeweaver et Burk est Km = 5 IO-~ M pour le rafhnose. Par la mtme 
methode, nous avons obtenu a pH 4,6 et 37” un Km de 2,5 IO-’ M pour le stachyose 
11 ne s’aglt que d’nn Km approximatrf pursque le staehyose renferme deux halsons 
cc-galactosrdrques hydrolysees successrvement L’cx-galactosrdase du Cafe hydrolyse 
en effet le stachyose en deux Ctapes13. stachyose+raflinose+saccharose L’affimte 

KM = I/Km est done de 400 VIS-a-vrs du stachyose, elle est en r&&C supeneure pour 
la rupture de la liaison cr-galactosiciique terminale puisque le KM du raffinose hydrolyse 
dam la seconde &tape est de 200 Avec une preparation brute de Cafe et 2 pH 4,0, 
nous avrons obtenu antCneurement l4 K, 150 pour le mehbrose et des KM 325 rden- 
tiques pour Ie rafhnose et le planteose L’aflimtC KM augmente done avec le pords 
molecularre de I’ohgosacchande, alors que la vltesse maxrmum V drmmue 

11 seralt actuellement prCmatur& de tenter de g&&ahser aux galactomannanes 
ces quelques observations Cecr d’autant plus que la cmetrque d’actron des a-galacto- 
srdases de grames se rivGle deJ& comme fort complexe avec un sub&rat de farble 
pords moleculaue comme le phCny1 a-D-galactoslde” Le galactose hbCrC mhtbe 
l’a-galactoadase, ce qul nous a condurt a faire reagrr I’erayme en plusleurs etapes 

Hydrolyses par addztzons sucessztes d’enzyme 
Trzfohum repens. La galactomannane (o 125 g) est rmse en contact B 37” avec le 

melange des deux cr-galactoadases punfites (50 mg), le tampon acrde acetrque- 
hydroxide de sodrum de pH 4,8 (I ml), du toluene (0,5 ml) et de l’eau (50 ml) Aprb 
6 Jours, 11 n’est pas apparu de preciprte et 38 % du galactose sont hbCrCs, le melange 
est alors trartt par 3 vol d’Cthano1 B 96% qui pr&rprte une galactomannane, dont le 
rapport M/G s’est ClevC & 1,54 Ce polysaccharrde est rerrus en contact avec de I’a-ga- 
lactosrdase (50 mg), purs tous les quatreJours nous aJoutons a nouveau de l’enzyme 
(50 mg) Apres cmq affusrons d’enzyme 11 n’y a pas eu de precrprtatron de mannane 
L’additron de trols vol d’bthanol msolubrlise une galactomannane de M/G 1,72 

Ces r&ultats sont B rapprocher de ceux obtenus avec la galactomannane de 
Medzcago6 possCdant elle aussl un rapport M/G votsm de I,O 

Gledztschza ferox Nous operons de facon rdentrque avec la galactomannane 
3a (0 375 g), mars II apparait apres 2 Jours un pr&prtC qui est collect6 par centrrfu- 
gatron, IavC avec de I’dthanol qm extratt reguherement du galactose fixC par le precrprt6. 
Ce precrpite est remis en suspension dans le tampon de pH 4,8 et addrtronne d’enzyme 
(50 mg) Apres 48 h nous determinons le galactose lib& et le rapport M/G du pr&crprt6 
Ce demrer est rems en contact avec de l’a-galactoadase comme pr&demment 
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La fractton demeuree en solutron est msolubrhsCe par 3 vol. d’ethanol a 95%. 
Le prEcrprte est repns par l’eau, et la solution est dialysee Apres une nouvelle prkipr- 
tatron Cthanohque, le prkcrprd est renus en contact avec l’enzyme 

Nos resultats sont r&uus dans le Tableau II L’examen cbromatographrque des 
fractrons demeurks en solutron, apres traitement par l’ethanol, n’a pas permrs 
de dkeler dkutre sac&aride que le galacto_~ 

L’or-galactostdase a done hbCrC du galactose, ausst bren a par& desgalactoman- 
nanes solubles, que des fractrons qui se sont msolubrhsees 

Le rapport moleculane M/G augmente reguherement avec le nombre de trarte- 
ments suceessrfs par l’enzyme. Il n’a cependant pas CtC possrble de dCtacher la totalIt 
du galactose des fractrons msolubles et de depasset un rapport M/G de 30 

Les resultats du Tableau II tendrarent & mdrquer que la galactomannane est un 
meIange de fractrons B degris de polymensatron drstmcts Nous avons en effet 
&pare une fractton soluble B M/G 7,s condmsant ensmte 2 deux fractrons msolubles 
de M/G 8,o. 

TABLEAU II 

HYDROLYSE DE LA GALACTOMANNANE DE GledItschm PAR AFFUSIONS SUCCESSIVES D’cY-GALACTOSIDASE” 

Galactomannane, M/G 3.9 

60% 

1 
Ppt msol , M/G 13,s 

I 

25% 

I 
La solutron est pr&rprtee par I’ethanol, Ie ppt 
cst repns par l’eau, dralyse et prtkprt6 a nouveau, 

M/G 78 

Ppt msol , M/G 17,o 

I 

40% 

Ppt msol , M/G 28 

1 1 
Ppt msol , M/G 8 La solutron est pr&rprt& par l’ethanol. 

I Le ppt est repros par I’eau 
Ppt msol , M/G 30 

1 
Ppt msol , 
M/G 8 

1 
La solutron ne donne 
pas de ppt de galacto- 
mannane par addrtton 
d’ethanol 

ULes pourcentages mdrquent la proportton de galactose lrbcrce par actron de I’euzyme Les fikhes 
vertrcales mdrquent l’actton de l’enzyme 

Nous avons en outre constatd qu’au tours de l’hydrolyse acrde des drverses 
fractions la totahte du galactose est hberee par chauffage de 4 h B 100~ dans H2SOa 5 N 

Sr nous separons la fraction msoluble, son hydrolyse acrde ulteneure ne hbere plus 
que le seul mannose 

Ceratonza szlzqzza Nous operons comme pour Trzfolzum repens. Apres 5 JOLUS 
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& 37”, 11 apparaIt un pr&cipitd peu abondant (M/G 4,57); il est remis en contact avec de 
I’enzyme et apr*s 5 jours l’msoluble a un M/G qm s’est 61ev& lCg&ement & 5,27 
Les galactomannanes de Gklztschia et Ceraronia ont des rapports M/G Imtiaux de 
3,g Elks palaissent avow une rdpartltion dii&ente des urn& galactose sur l’ensemble 
des mol&ules Au cows de dwers essais, l’a-galactosldase du Cafk n’a Jamas msolu- 
bilise, B partir de la galactomannane de Ceratonia, une fraction oti le rapport M/G 
sod notablement accru 

&ale de la fraction insolubilzs~e ci partir de la galactomannan e du Gledltschla ferox 
PrPparation La galactomannane 3a (20 g) est dlssoute dans l’eau dlstlll& (I l), et 

l’on ajoute la prdparation d’a-galactosidase I%& a pIi 6,0 (200 ml) Le melange est 
mtrodult dans un boyau de cellophane bargnant dans une cuve contenant un tampon 
acide cltrique-phosphate disodique 0.01 M de pH 6,0 Nous mamtenons A 37” en renou- 
velant chaque Jour le hquide extCneur au boyau. D&s le prermer Jour du galactose 
muse B 1’extCrieur du boyau Notre protocole opcratoire a pour but d’&mmer la 
majeure partle du galactose mhlblteur de l’enzyme. A partlr du dew&me jour 11 
apparait un pr&pltC, dont la proportion s’amphfie r&uh&ement 

Au bout de 20 jours, nous collectons le pr&ipltC, le suspendons dans de l’eau, 
dlalysons et r&oltons par centnfugatlon l’msoluble Nous obtenons une poudre 
blanc gnsgtre (I 5 g), soluble dans NaOH 2 N; cette solution a un [elk0 -4o”, proche 
de ceux des /3-D-mannanes de Palmlers, Phytelephas macrocarpa’6 (-46”) et Phoenzx 
canariens&7*18 (-50”) Le corps est totalement hydrolys& en 4 h B 100~ dans H2S04 
5 N, M/G 24 

Mt??hyZatzon Elle est r&alide dans une prenuke &ape par le sulfate de mCthyle 
et la soude, puis dans une scconde &ape par l’lodure de methyle et oxyde d’argent 
ou par l’oxyde de baryum dans la N,iV-&mbthylformamldeLg 

Les deux oxydes ont permis d’obtenir les mCmes r&uItats L’examen spectro- 
scopique B l’mfra-rouge n’m&que pas la pr&ence d’hydroxyles non combin&s Le 
product mCthylC est levogyre, [ec]i” -25” (c I o, chloroforme) Aspmall et aZ.16 avalent 
obtenu -20° et -22” pour les /?-D-mannanes de Phytekphas m&hylCes 

Le produit mCthylC (IOO mg) est dlssous dans le methanol contenant HCl B la 
concentration 0,66 N (5 ml) Apres chauffage sous r&fng&ant a reflux pendant 8 h, 
la solution est concentr& sous presslon redmte et le rCsidu ad&tlonn8 de HCl N est 
chauffe IO h au bam-mane boulllant Apr&s d&omsatlon par 1’Amberhte IR-4-B, 
l’hydrolysat est concentre sous pression reduite et examine par chromatographle sur 
papler Une hydrolyse du produit mCthyI6 pendant 8 h B moo dans H2S04 2 N a foumi 
les mcmes rCsultats 

Les d&w% mCthylCs sont ldentlfies par chromatographie sur papier, selon le 
protocole de Petek et To Dongzo*“’ avec le solvant octane-alcool isopropylique- 
ammomaque B 10% (50 25-2) Les bandes correspondant aux divers dCwCs m&thy& 
sont d&coup&es et extraites pa; Ie chloroforme, avec un Cpuisement de 16 h & la tempt% 
rature du Iaboratoire, pms deux autres B 30” Nous &aporons & set et reprenons par 
I’eau 
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Les oses m&thy& sont dCtermm& par l’hypoiodtte o I N en prkence de C03Na, 
B IS%, pour 4h a ooz2 et par colonmCtrie avcc le phosphate d’arulme23 Nos rktltats 
sont rassembles dans le Tableau III 

TABLEAU III 

DETERMINATION DES DERIW% 0-METHYLES DANSL'HYDROLYSATDELA GALACTOMAKWANE DE Gleduschta 
fWOX,MkTHYL& APRk3DDdGRADATlONPAR L'Cr-GALACToSIDASE" 

D&roes O-m&byies M&bode de dosage 

IodomPtne ColorrmPtne 

2,3-Dl-O-mBthyI-D-mannose 6,o 0 
z&3,6-Tri-0-methyl-D-mannose S7,o 893 
2,3,4,6-T&a-0-m&Flyl-D-galactose 390 335 
z&3,4.6-Tdtra-O-methyl-D-mannose 4.0 3.75 

=Les rktitats sont expnmb en mol&3les pour cent 

Pour une mol&Ae de 2,3,4,6-t&a-U-methylgalactose, 11 y a done environ 
1,2 moltcule de 2,3,4,6-tetra-0-methylmannose, 2,15 molecules de 2,3-dt_O-methyl- 
mannose et 26,4 molecules de 2,3,6-trt-0-methylmannose 

Pour les d&&s du mannose cect, correspond aw resultats obtenus avec la 
I-D-mannane a hatsons (I -54) du Phoenzx canariensis’7~’ * La fable proportion de 
galactose est retrouvee sous forme de tetra-O-methylgalactose, mdtquant qu’d est 
present sous forme d’um t&s branchees sur la chame d’une (I +4)-&D-mannane. 

La galactomannane de Gledztschra ferox soumtse B la m&thylatton nous avatt 
pernns antkteurement’ de deceler de fatbles quantttes de 2,3,4-trr-U-methylgalactose 
Cerezo24 a de mCme stgnalC la presence de traces de ce tn-0-methylgalactose &ns la 
galactomannane de Gledrtsza amorphozdes sourmse aux opkattons succeswes de 
methylatton puts d’hydrolyse L’apphcation de la methode de methylation, purs 
d’hydrolyse A la galactomannane 3a de GZ. ferox nous a permts de dkeler r&uli&ement 
envtron I B 1,5% de molecules de 2,3,4-tn-0-methylgalactose Ce d&we ne parait pas 
ttre un artefact resultant d’une dimethylatton parttelle du 2,3,4,6-tetra-O-methyl- 
galactose Le raf%uose sounus aux mCmes opkattons de methylation, pws d’hydrolyse, 
n’a Jamats pemus de deceler un trt-0-mkhylgalactose La galactomannane de Trifo- 
Zrum repens a permts de dkeler egalement environ 1,2x des molkcules doses m&thy& 
sous forme de ce 2,3&tn- O-methylgalactose 

11 apparait done vratsemblable que sur les chaines de (1+4)-p-D-matmanes 
se rehent en 6 quelques rares courtes chaines de galactose assock en (146), ce qui 
donneratt ce type de structure 1 posstble. 

Le galactose substttue qur conduct a ce d&w5 trimCthylC ne pa&t pas We 
intercale dans les chaines de mannanes entre deux un&s mannoSe S’rl en etait amst, 
nous aunons retrouve ce derive tnmethyle en plus forte proportion dans la galacto- 
mannane A rapport M/G ClevC, msolubthsk par l’or-galactosidase En effet, I’enzyme 
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du Cafe hydrolyse les haisons a-galactosubques termmales et ne semble pas rompre les 
harsons a-galactosnhques d’umt& de galactose substrtuCes par un autre monosaccha- 
fide10 14 

. 

-/t&D- Manp(I~4)-8-D-Manp<I~4)-8_DMan~(I~4)-8_- 

T 

6 

t 
I I 

GdP Galp 

; 
I 

Galp 
1 

Le Tableau III indrque que dans le precrplte de galactomannane dt5gradee par 
l’enzyme une mol&ule de t&a-U-methylmanuose correspond & 24 molCcules des 
di- et tri- O-m&hylmannoses 

Le galactomannane 3a de GZ ferox a permis d’obtemr une mol&xle de tCtra-O- 

mCthylmannose pour 13 mol&xles des autres methyl-0-mannoses Ce rapport est de 

I pour 50 avec la galactom annane de Trrfolrwn repem 
I1 en r&ulte que la formatton d’une galactomannane msoluble par actron de 

I’enzyme du Cafe ne pa&t pas s’accompagner d’une rupture des chaines de mannanes, 

la formatron de ces fragments aurart accru la proportron de tbtra-U-methylmannose 

11 convrent de noter que le rendement en galactomannane msoluble est fatble, 7 5% 

11 est done possible que ce sotent les cha?nes de mannanes les plus longues qur s’msolu- 
brlrsent apr& detachement de la plus grande partre des galactoses substltuants 

L’exrstence de branchements dans les chaines de mannanes ne dolt pas Etre 
exclue Le Tableau III montre que la proportton molicularre du 2,3-dr-O-mCthyl- 

mannose est environ doubIe de celle du 2,3,4,6-tetra-U-methylgalactose Cecr tendrart 
& mdrquer que, dans les chaines de mannanes, 2 k 3% des unites mannosyles sont 
substltuCes autrement que par une unite de galactose 

Nous rapprocherons ce fatt d’une observatron anteneure Au tours de recherches 
non publi&s r&ides en collaboratron avee A Wickstrom, nous avons Ctudr6 la 
methylatron de la galactomannane de Medzcago, dont une partte du galactose avatt 

&e elimine par I’ot-galactosidase du Cafe Ce polysacchande de M/G 5 avart fourm 

pour une molkxde de 2,3,46-t&a-0-mCthylmannose, 3,4 mokules de 2,3,4,6- 

tCtra-U-methylgalactose, 7.7 molecules de 2,3-dt-O-m&hylmannose et 12,6 mokules 

de 2,3,6tri-U-m~thylmannose 

Les dew galactomannanes 2 M/G accru par action de l’a-galactosrdase renfer- 
ment done une proportion mol&zulaire plus tlev&e de dr-O-methylmannose que de 
t&a-U-methylgalactose 

I1 est 2 remarquer que la plupart des auteurs ayant sourms les galactomannanes 
mtactes a la methylation ont en g&r&al retrouvC une proportion molCcularre leg&e- 
ment sup&reure du t&a-O-m&hylgalactose par rapport au dr-O-m~thy~aMosez5D26. 
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Nous avons observe le mCme fatt avec les galactomannanes de TrzfoZzzmz repens et le 
produrt 3a de Gl firox 

Ox_vda~zon par Z’aczde perzodzque L’oxydation (Fig I) s’effectue comme pour 
un polysaccharide constitue d’hexoses pyraniques hes en (144)” 18~27 

Frg I Oxydatron penodrque de la fraction msohrble de galactomannane obtenue par actron de 
l’a-galactosidase La reactron est accomphe a Ia glacrere et dans I’obscurtte. le mrheu de reactton 
contrent une suspension de 0,162 g de galactomaunane degradk darts IO ml, Ia concentratton d’amde 
perrodrque darts le mrheu est IN (ou o pi) Les r&.ultats sont exprrm6s en mokules par molecules 
d’anhydrohexose, la courbe o-o- mdrqae l’actde perrodrque redurt, la courbe x-x- I’actde monovalent 
hbere et la courbe a-*- le formaldehyde hbdre 

La superoxydation Cvolue sensiblement comme avec la fl-D-mannane (I -4) 
de Phoenzx canarzenszs” Cette superoxydation est plus accentuee qu’avec la galacto- 
mannane 3a de GZ fez-ox?, la substitutton en 6 des umtCs de mannose lmutant la 
superoxydatlon Tout comme pour la cellulose ou la mannane de Phoenzxl’*l’, 
le polyaldehyde forme par action de l’acide penodique est soluble, on asslste done 
k une dissolution du prCcipttC rmtial lorsque l’oxydation progresse 

DISCUSSION 

Les galactomannanes de IXgummeuses ttud&es ont un type general de structure 
commun 11 semble cependant exister des dS5rences mdwiduelles selon la repartition 
des umtts de galactose, la longueur et l’lmbncatlon des cha^mes de mannanes C’est, 
ainsi que pour deux galactomannanes P rapport M/G ldentiques, celle de Gledztschza 
donne un abondant precrpite a M/G nettement accru lorsque l’cr-galactosidase a 
d&ache une partie des molecules de galactose Par contre, celle de Ceratonza ne conduit 
pas a un precipite abondant et a un M/G accru 

L’on doit aussi enwager la presence dans le Gledzrschza de quelques courtes 
chdnes renfermant plus d’une umtC de galactose. 

Enfin, la proportion de &-U-methylmannose est en faveur de l’existence de 
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ramifications darts la partie mannane La structure complete des galactomannanes 
laisse done planer encore quelques mcertitudes 

L’a-galactosrdase des grames de Cafe hydrolyse mrtralement Q des vitesses 
voisines les liaisons a-galactosidrques de drverses galactomannanes Les galacto- 
mannanes de TMe et Caroubier ne donnent pas de compose msoluble du type mannane 
au tours de I’hydrolyse a-galactostdasrque Avec Gkdrtschia ferox nous avons obtenu 
une fractron msoluble dans l’eau contenant 24 molecules de mannose pour chaque 
molCcuIe de galactose Ce compose est constrtue de chaines d’umtCs fl-D-manno- 
pyranosyl hCes en (I +4), 11 semble probable que ces chaines sont farblement ramrfiCes 
Quelques umtCs de galactose sont rehees en (I +6) a ces chaines 

SUMMARY 

Coffee-bean a-galactosidase (3 2 I 22) splits, at simrhu imtial rates, a-~- 

galactosyl umts from varrous galactomannans rsoIated from Trzfoolzum repens, Gemsta 
scoparra, Gledrtschra ferox, Gledltschla trracanthos, and Ceratoma s~bqua Except for 
whrte-clover, genista, and carob-tree galactomannans, a-galactosidase treatment re- 
sulted in insoluble mannan-hke polysaccharides A water-msoluble frachon contam- 
mg 24residues of mannose For each residue of galactose was obtained from the galacto- 
mannan of Gledztschza ferox It contams chams havmg a B-D-(I +4)-mannopyranosyl 
repeating unit. These chains have probably a few side-branches. The few remammg 
D-galactose residues are hnked (1+6) as side-branches to the D-mannose chams 
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STUDIES ON STARCHES OF HIGH AMYLOSE-CONTENT 
PART VIII * THE EFFECT OF LOW TEMPERATURE ON THE I NTERACTION OF AMYLOMAIZE 

STARCH WITH IODINE A UNIQUE CHARACTERIZATION 
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(Recewed May grst, 1966) 

INTRODUCTION 

In the prevrous part of thus Series’,, we showed that the potentrometnc lodme- 
bindmg curves, obtained at 2o”, for amylomalzes of d&ermg amylose-content were 
abnormal This means that the unambiguous estrmatron of Iodine affinity IS not 
possrble for such starches We also suggested that the presence of low molecular- 
weight, amylose-like matenal was responsrble for tlus behavrour Experiments whrch 
confirm thrs proposal are described here 

The effect of low temperatures on the roclme-bmclmg capacity of starch has now 
been studred It has been found that, under these condrtrons, amylomalze grves the 
more usual shape of rodme-bmdmg curve, from whrch an estimate of rodme a&uty 
can be made This change in iodme-bindrng power wnh the lowering of temperature 
has been shown to be a character-r&c of low molecular-we&n amylose, the apparent 
rodme a&uty of a hrgh molecular-werght amylose 1s not affected to any appreciable 
extent by the lowenng of temperature 

The preparation and sources of the amylomarzes have been described earlier’. 
Starch samples were labelled HA57, HA62, HA67, HA70, and HA75, where the 
zmmber represents the reputed content of amylose Samples of degraded amylose 
(I-III) were the polysaccharides prepared prevrouslyl 

The starches were dispersed mto drmethyl sulphoxide and used chrectly (o I ml, 
c, approx 60 mg/ml) m the titration cell, as described m the prewous part of ths 
Senesl 

Estrmatrons of the “roclme-bmdmg capacrty”, or “rodme afhmty”, of a starch 
were obtained by extrapolation of the lmear portion of the adsorptron curve to zero 
concentratron of free rodme3 

*For Part VII, see Ref I. 
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RESULTS AND DISCUSSION 

When amylomalze starch HATO was potentiometncally trtrated wnh lodme at 
various temperatures, the results shown m FIgme I were obtamed. It can be seen that, 
when titrations were carried out below the usual temperaturels3 of 2o”, the starch 
commencedto complex vvlth lodme at much lower levels of free-iodme concentration 
Furthermore, the low-temperature adsorption curves were markedly more normal 

m shape than the unusual, dlexlonless curves obtamed at 20~ or hrgher Indeed, 
although It has not proved possible’ to obtain lodme-a5ty values for amylomarze 
starch from Mratron curves at 20°, extrapolatxons of the adsorption curves at low 
temperatures could be made wrthout difficulty 

A temperature of Y was therefore chosen as bemg the most convement, routme 
condmon for the tltrahon of an amylomaize starch 

X.ztratrons of amyZomate starches at 2O 

The normal shaped, titration curves obtamed for the other samples of amylo- 
marze starch at 2O are shown m Figure 2 

From Figures I and 2, It can be seen that the Iodine-bmdmg capactty for the 
amylomalze starches HA57, HA62, HA67, HATO, and HA75 was 14 g, 15 6,16 6, 17 3, 
and 17 5 %, respecbvely As the lodme affimty of amylomarze amylose at this tempera- 
ture is 20% (see below), the apparent contents of amylose are 75,78, 83,86, and 88 %, 

ire.= mdtne (~10~ Ml 

I c 
5 1C 

Free iOdifle (~10~ M) 

Fig I Potentlometnc lodme-tltratxon curves for amylomaize starch HA7a at various temperatures 

Ftg 2 Potentlometnc rodme-tltrauon curves For various amylomlze starches at 2" (I) HA57. 

(2) HA62; (3) H-467, (4) HA75, 
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for the various starches. It is srgmfkant that these amylose contents are considerably 
higher (some 1543%) than the alleged amylosc-contents of these starches. 

The rmphcations of thus findmg wrll be discussed elsewhere. 

Turations of maize starch and its components ut 2O 
The behaviour of regular marze starch and its component amylose and amylo- 

pectin on potenttometrrc tttratron with iodme at 2’ was then exammed. As shown in 
Figure 3, although there was an mcrease m the apparent extent of adsorption of iodme 
at low temperatures, the iodine ailinity of the starch &d not alter. A comparable 
effect was found for the amylopectm, ths effect accounted for the change in adsorption 
observed for the whole starch. The iodme-aflimty characteristrcs of the amylose 
component were httle altered by the change in tnration temperature. 

Potato starch and its component amylose and amylopectm behaved simrlarly 
when titrated at low temperature, the hrmhng lochne-bindmg levels were attamed 
at considerably lower concentrations of free iodine, but these levels were almost 
dentical to those obtained m the titration at 20~. 

Free lodne (xlOPM ) 

Fig 3 Potentiometnc lodme-tltratlon curves for reguiar maue starch and its components at 20~ 

(-o-) and 2O (-•-) (I) maze starch, (2) maize amylose, (3) maue amylopectm 

Trtratzons of the amylomalze components at 2” 
Frgure 4 shows that the tttratton curves for the amylomaize amylose were aIso 

essentrally mdependent of temperature, but this was not so for the 36-unit amylo- 
pectm4. At 2o”, tis matenal gave an abnormal, milextonless curve, but, at T, a curve 
of regular shape was obtained, the correspondmg rodme-bmding capacity mdrcates 
the presence of some 50% of amylose. In contrast, the pmified, normal amylopcctm, 
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obtained by ultracentnfugation from the 36-umt matena14, behaved as did the amylo- 
pectm from regular maize In the previous part of thrs Series’, we showed that the 
abnormal titration curves for amyloma=e starch could be snnulated by the ad&txon 
of degraded amylose to rmxtures of normal amylose and amylopectm These degraded 
amyloses were therefore titrated at 2O, as shown in Fig 5 The same dramatic change 
in character was observed as found for the amylomaize starches: at low temperatures, 
the curves tended to show a point of lnflexlon 

Free ro%x (x10%0 
10 

Free rodme(x106 MI 

F;g 4 Potentlometrx Iodine-tltratlon curves for the amylomzuze components at 20~ (-&) and 2O 

(-a-) (I) amylo-amylose, (2) 36-umt amylopectm. (3) amylopectm obtamed by ultracentrlfugatlon 

Fig 5 Potentlometnc lodme-tltratlon curves for degraded amyloses at 20“ (-o-) and 2O (-•-) 
(I) degraded amylose I, (2) degraded amylose II, (3) degraded amylose III 

CONCLUSIONS 

Smce the lodme affimty of normal amylose and amylopectm IS unchanged with 
decrease in temperature, whilst that for degraded amylose IS radically altered, It 
appears very probable that the abnormal behavlour of amylomalze starch on titration 
IS due to the presence of short-cham, amylose-hke matenal (cf Refs P and 4) In any 
case, the lochne-bmchng capacity of a maze starch of high amylose-content can only 
be satlsfactonly determmed by carrymg out the potentlometnc Iodme-tltratlon at 2O. 
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SUMMARY 

The lodme-bmdmg charactenstics of amyIomaue starch are affected dramatl- 
tally by a lowermg of temperature At 2O, a normal-shaped, potentiometnc, iodme- 
btrafion curve is obtamed, from whch, m contrast to results at 2o”, estimation of the 
lodme a5ty can be readdy made These con&tions provide a unique method of 
charactenzatlon of tbs type of starch 

Amylomaize starches having a variety of reported amylose-contents have been 
examined by tbs techmque The lodme-affimty values m&cated that the starches 
contam some 15-18x more hnear-matenal than expected 

The lodme affimty at 2’ of normal amylose and amylopectm is not appreciably 
dflerent from that at 2o”, but very large changes occur m the lodme-bmdmg charac- 
tenstics of samples of 36-umt amylopectm and degraded amylose at this low tem- 
perature It is suggested that these changes account for the abnormal behavlour of 
the whole amylomaize starch 
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ETUDES~URLASTRUCTUREDELALA~TOTRANSFERRINEHUMAINE 
I PRb?ARATION DE GLYCOPEPTIDES ET MISE EN &‘IDENCE D’UNJZ LIAlSON GLYCOSIDIQUE 

ENTRE LES GLUCIDES FZT LA THRCONINE 

R GOT, Y GOUSSAULT ET J FONT 
Laboratorre de Wocbrmte, Facrrlrp de Mpdecme, Pans VZe (France) 

(Rwu Ie rg novembre 1965. sous forme revis& le 17 J&let 1966) 

INTRODUCTION 

La lactotransferrme est une des pnncrpales protemes du lactoserum humam’. 
Son exrstence fut pressentie par Schafer’ et son isolement fut 1’obJet de plusreurs 
travaux3-’ Son assocratron avec le fer, sa specificIt lacttque et son taux ClevC dans le 
lactoserum hu conferent un intCRt partrcuher, mtCrEt accru par le role qu’elle dolt 
Jouer en nutntron mfantde Des etudes antCrteures4 ’ ’ ont montre que la lactotrans- 
fen-me est une glycoprotime contenant hexoses, hexosamme, 6-desoxyhexose et 
acide srahque Le but de ce travad est de determiner le nombre et la nature des chaines 
polysaccharidiques et !eur hatson avec la partie proteique de la lactotransferrine. 
Get article dCcnt la preparatron et la purtfkatron d’une fractton glycopepttdtque, la 
determmatron des sequences peptnhques au vorsmage de la lrarson glucrdes-prottme 
et I’rdentrficatron de l’acrde amme engage dans la harson 

Lactotramferrine 
La lactotransferrme utthsee dans cette etude est preparee selon une mdthode 

prectdemment decrrte’ La caseme est Chmmte par dralyse du colostrum humam 
contre un tampon acetate de pH 4,5, pms le lactoserum est fractronne par relargage 
par le sulfate d’ammonmm . la fraction qui precipite entre les concentrations 2M 

et 2,7~ en sulfate d’ammomum a pH 4 est constrtuee essentrellement par la lacto- 
transferrme, accompagnee da-lactalbumme et de sCrumalbumme que l’on Chmme 
par une filtratron sur colonne de Sephadex G 200 

L’homogenCrtC des preparattons amsr obtenues est verifiee par rmmunoClectro- 
phor&seg contre un rmmunsCrum antr-colostrum total, par nltracentrrfugation et par 
Clectrophorese en veme hqmde (Frg I) La constante dc sedrmentatton, 4.85 S, est 
legerement supeneure B celle donnke dans la htterature, 4.5 S (4,7) Au contrarre, la 
mobrhte Clectrophoretrque B pH 8 6, -2 8 x ro-‘cm* volts-’ set-‘, est mfkeure 
& celle donnee par Montreud et al 4, -3 5 x IO-‘, mars vorsme de celle don&e par 

Johansson3 -2 95 x IO-’ h pH 93 

Analy.ses des gluczdes 

T_,es ,hexoses, les osammes, les 6-desoxyhexoses et l’acrde nahque sont doses 

Carbohydrate Res , 3 (1966) 157467 



158 R GOT, Y. GOUSSAULT, J FONT 

par les mCthodes colonmetrlques precedemment dkrites’“- 13, respectlvement contre 

des tCmoms D-galactose-D-mannose en proportion (I I), 2-ammo-2-dCsoxy-D-glucose, 

L-fucose et acide N-adtylneuramimque (Sigma). 

Fig I Homog&&tt? des preparations de lactotransferrme 
(a) Lmmunoelectrophor&se contre un lmmuns&um antI-colostrum 
(b) Ultracentnfugatlon 5 mg/ml de tampon phosphate de sodmm o ozw-NaCI o 08 M pH 7, 20’ 

UltracentrlfLgeuse Spmco, Mod&le E Photo prose apr&s 38 mmutes a 5g,7So r p IF 
(c) %ctrophor&se en veme hqwde, apparel1 Perlcm-Elmer, Modele 38 Tampon de Mlchaehs, pH 8 6 
10 volts/cm. 5,400 set 

Les osammes sont hbCrt?es par une hydrolyse de 4 h Q IOOO, par HCI 3~ et 

l’aclde siahque & 80” par HCl o 05N pendant 40 mm 

La chromatographle des glucldes est effectuee en couche mince, sur cellulose 
MN 300’~ avec r&tlatron par le mtrate d’argenF 

Analyse des acrdes anmes 
La composltlon en acldes ammts des glycopepttdes est determInCe dans l’appared 

Beckman-Spmco modkle 120, ap& hydroiyse de 20 h A I IO” en tube sceIlC, par HCl 
6~, selon la mdthode de Moore et aZ16. 

Les chromatographles sont effect&es, soit sur papler Schleicher et Schull 

zo43b dans les solvants butanol-pyndme-HCI 0,IN (5 3 2) et butanol-aclde 

acbtlque-eau (4.1 5), solt en couche mince sur cellulose MN 300~~ 

La dkgradatlon sCquentlelle des glycopeptldes est effectuCe en tube selon une 
vanante de Ia mCthode d’Edman’8-20 : le glycopeptlde (3 mg) est repns dans l’eau 
(0,07 ml) & laquelle on ajoute de la tnmCthylamme & 25% (0.03 ml) et du phCnyhso- 

thiocyanate B I % dans la pyrldme (o I m!), au bout d’une h B 40”, on ajoute une solu- 
tion de ph&yhsothiocyanate (o 02 ml) Aprb une autre h & 40”, on aJoute de I’eau 
(o 2 ml) et on lave trois fols par le cyclohexane et quatre fols par le benzene Aprb 

&aporatlon au desslccateur, la cychsatlon et I’hydrolyse sent effect&es en lalssant 

2 h B 40~ dans un melange d’aclde adtlque et HCl cone (5 I, o 4 ml) Apres une nouvel- 

le &aporatlon & set, on reprend par HCl o OIN (o 4 ml) et les phCnylthlohydantoies 
formees sont extrates 4 fols par I’&her (o 4 ml) et 4 fols par 1’acCtate d’Cthyle (o Gml), 
chromatograph&s dans les solvants o-xyltne et acide formique 75°~-~,2-d~chloro- 

Cthane-heptane (4 4 2)*l et r&Glees par Ie rkactif lodure-azlde de sodmm22. 
Pour la rccherche des acldes ammes C-terrmnaux, Ie gIycopeptide (3 mg) est 
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sounus ti I’actton de la carboxypeptldase A (Worthmgton) pendant 18 h & pH 8,0, 
en tampon 2-ammo-2-hydroxy-r,3-propanedrol O,O~M B 40” Le rapport enzyme sur 
substrat est de I & IO. Un t&mom contenant I’enzyme seul est mrs en mcubatron dans 
ies mCmes condmons L’hydrolyse est at-r&be par addmon d’actde ac&que Les 
hydrolysats sont alors &apor& B set et les acldes ammes Cventuellement hbtrts sont 
extrans par un melange acetone-HC1 concent& (100: I) et analys6s par chromato- 
graphre sur papler. 

Pr&aratlon des glycopeptrdes 
La lactotransfernne humame (4 g) est drssoute dans un tampon 2-amino-2- 

hydroxy-r,3-propanedtol o 05&f, pH 8,0, O,OIM en &lox-we de calcium 25 ml, ia Pronase 
40 mg (Kaken Kagaku Co. Ltd. Tokyo) est aJoutee et la solutron est muse en mcuba- 
tlon B 40~ sous couche de toluene Apres trols Jours d’mcubatlon, IO mg de Pronase 
sont aJoutCs Apres SIX Jours d’hydrolyse, le preclpne prodtut est &nmC par centn- 
fugatron et le sumageant evapore B set est repns par I’aade adtique 0,IN 4 ml 
(contenant 2% de butanol) et filtre sur colonne de Sephadex G-25 (2 x go cm,fin) 
La colorme est &16e par le mdme solvant avec une vrtesse d’icoulement de 40 ml par h. 
Des fractions de 5 ml sont collecties et leur contenu en sucres et en peptides est deter- 

mme par les methodes appropr~~s’0*23 
Aprb un ecoulement de 80 ml, les substances glycopepttdrques emergent de la 

colonne en un p~c umque et symetnque les fractions correspondantes sont reumes 
(fractions 16 a 24, Fig 2), Cvaporees B set et repnses par I’eau drstrllee. Une chroma- 

Fig 2 Chromatographle sur Sephadex de I’hydrolysat de la Iactotransferrme par IaPronase Colonne 
2 x go an, aclde adtlque O,IN, fractions gmI Trait plem dosage des oses neutres Trait dlscontmu 
dosage des groupements ammB hbres par Ia nmhydrme 

tographre sur colonne d’Amberhte IR 120 (25 x 1,5 cm, alustee B pH 2,3 sous la 
forme H+ par I’actde formrque) permet d’ehmmer quelques contammatrons pepti- 
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drques qui restent fix&s sur la r&me alors que les 
a travers la colonne 

glycopeptides filtrent drrectement 

La fractron glycopeptrdrque amsl obtenue, nommee GPT, est lyophrlis& et 
soumrse A dwerses analyses . ultracentrrfugation en front&e preformee, electropho- 
r&se a haut voltage dans l’apparerl Pherographe*, en tampons acrde adtrque-acrde 
formrque (pH r,g et 2,4) et acrde adtrque-pyridme (pH 3,5 et 6,4), sur paprer MN 214 

Les r&clatrons sont effectuces par la mnhydrme et par le reactrf de Schrff aprcs 
oxydatron performrque 

Le fractronnement des glycopeptrdes GPT est poursmvr par electrophorese ti 
haut voltage sur bloc de Pevrkon C 870, selon la techmque de Comlllot” le Pevrkon, 
apres avow &Z longuement 1avC tin d’en Chmmer les rmpuretes, est nus en suspension 
dans un tampon aclde ac&que-acrde formrque de pH 2,4 et coul6 sur la plaque de 
verre refrordre de I’apparerl; l’exces de hqmde est ChmmC avec du paprer filtre On 
obtxent ams~ un bloc compact, kpais de I cm, long de 38 cm, la largeur Ctant fonctlon 
de la quantrto de substances a &parer (I cm pour IO mg) La temperature du hqmde 
refngerant est frxCe a -5”, ce qm mamtrent une temperature de +4” a l’mtcneur du 
bloc pendant le passage du courant La soiutron de glycopepttdes a fractlonner (I IO 
mgipar ml) est depode dans une fente pratrquec dans le bloc, a IO cm du bord 
anodrque, 1200 volts sont apphques ducant 2 h et 40 mm PUIS des sections de I cm 
sont decoupees et Cl&es par l’eau les Bluats amsr obtenus sont lyophrhds aprb 
avorr CtC r&.uns en fonctron de leur composrtion en acrdes ammes et en glucrdes 

Les glycopeptides purifies par electrophorcse sont appeI& GPEI, GPE2 et 
GPEM. 

Hydrolyses des glycopeptdes 

Afin de srmphfier leur composrtron en ammoacrdes, les glycopeptrdes sont 
soumts B des incubations de 20 h B doe, en presence de divers enzymes protColytrques 
pepsme, papa’ine, leucme-ammopeptrdase. Les hydrolyses sont sulvres par le dosage 
des groupements ammes hbres23 

Le glycopeptrde GPEI est egalement soumis Q une hydrolyse alcahne mCnagCe 
par KOH 0,45N, durant 20 h A temperature ambrante” Pms les acrdes arm&s sont 
hbCrCs par hydrolyse acide et doses 

E&n, la presence de harsons peptldrques avec l’acrde aspartrque nous a amen& 
a hydrolyser le glycopeptrde GPE2 par HCl 0,03N durant 8 h 8 100”~~ Les glucrdes 
hbCrCs sont doses et l’hydrolysat est fractronni par Blectrophorbse sur bloc de Pewkon 
smvant la techmque decnte cr-dessus La teneur en oses neutres et en groupements 
ammes hbres de chaque fractron est d&et-m&e et la composttron en acrdes ammes et 
en glucldes est BtudrCe quahtatrvement par chromatographre sur paprer ou en couche 
mmce, avant et apres hydrolyse par HCl N durant 8 h a roo” 

*L Hormuth, Heidelberg, AUemagne 
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Fraction glycopeptidrque GPT 
Apr&s hydrolyse de 4g de Iactotransfemne par la Pronase et punflcatlon de 

l’hydrolysat par filtratton sur Sephadex G 25 suwre de chromatographre sur echan- 

geur de catrons, 330 mg de glycopeptldes ont CtC obtenus Le Tableau I rapporte Ies 
pourcentages en glucrdes de la lactotransfemne et de cette frzctron GPT (les valeurs 
trouvees dans la htterature pour la lactotransferrme sent egalement don&es B titre 
de comparaison) 

TABLEAU I 

COMPOSITION EN GLUCIDES DE LA IACI-OTRANSFERRINE ET DES FRACTIONS GLYCOPEl=TTDIQUES= 

Glucrdes Lactotramferrtne 

Valeurs pubirt!eS 

Glycopepttdes 

Cette Ptuho GPT GPEr GPEz 

% % % % % 
Hexoses 39 37 4Q 33 35 
Hexosammes z 4 20 22 22 4 23 
Actde stahque 0 87 09 II g6 IO 

Fucose 6,6 8 9 

aPourcentages du polds set 

La fractton glycopeptrdrque GPT est homogene B l’ultracentnfugatton (Frg 3) 
mars httCrog&e en blectrophorese sur paprer (Frg 4) Un Cchantrllon de 300 mg de 
GPT est alors sourms & I’blectrophorese preparattve sur Prvekon B pH 2,4, pH qur 
s’est av6r6 Ie plus rCsoluhf 

Glycopeptdes GPE 

Le fractronnement obtenu par cette technique est sensrbIement identrque a celm 
que donne I’&ctrophori%e sur paprer dans les mCmes condmons Les fractrons sut- 
vantes sont amsr preparies, dans I’ordre de vrtesse de rmgratron crorssante vers la 
cathode - GPEr = IIO mg, GPE2 = 28 mg, GPM = 95 mg 

En fait GPM represente la somme de plusreurs fractrons qm s’averent heterogbnes 
en electrophorese la rCv6latron par le reacttf de Schrff apres oxydatron penodrque 
donne pour GPM une tache largement &alCe, alors que GPEr et GPE2 (Frg 4) 
ne presentent qu’une bande btrorte. 

Nous ne rapporterons ICI que les resultats obtenus SUF GPEr et GPE2, bren 
que la composmon des autres fractrons ne sort pas essentrellement drfferente. 

La composrhon en glucrdes et en acrdes ammes de GPEr et GPEz est donnee 
dans les Tableaux I et II. 

Par d&radatron sCquentrelle d’Edman, les ph&rylhydantoIdes des acrdes arm& 
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sulvants sont Identlfits de faGon sm&ure dans ces deux glycopeptldes . ii la premke 

etape, alanme et glycme, B la dew&me &ape, gIycme et aclde aspartique, 5 Ia trois- 
i&me &ape, aclde aspartlque et prohne 

Fig 3 Uitracentrlfugatlon de la fraction glycopeptldlque totale GPT 3 mg/ml de tampon phosphate 
de sodium o OZhFNaCI o 08M pH 7 Frontltre preform& Photos prlscs aprb IO et 26 mm a 59,780 
rpm 

Fig 4 &ctrophor&se sur papler des glycopeptldes de la Iactotransfel-nne pH 2,4, tampon aclde 
ac&tque_acldeformtque,6oVolts/cm,zh Rbvklatlonparlereactlfde Schlffapr~soxydattonp&todlque 
(G) et par la nmhydrme (P) 

TABLEAU II 

COMPOSITION EN ACIDES MINES DES GLYCOPEPTIDES GPEt, GPEt” 

Acrdes anan& GPEr GPEz GPEr 
(apr& hydroiyse 
alcabne mt?nagi?ej 

Aclde aspartlque 0 85 o 75 o 82 
Thrbnme 096 1 o 54 
S&me 036 02 o 36 
Aclde giutamlque 06 05 o 63 
Prolme o 85 I 05 0 86 
Glycme 0 35 0335 0 38 
Alanine 0 35 0 35 0 38 
Vahe 0 72 0 55 0 69 
Leucme et lsoieucme traces traces traces 
Phbnyiakmne I 01 IO5 
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Aprcs amon de carboxypepndase, la phenylalanme est IrbCree B partw de GPEI ; 
aucun aclde amme ne semble i3re hbCr6 ZS patir de GPE2 La pepsme, la papaine et 
la leueme-ammopepbdase sont prahquement sans achon sur les glycopeptldas. 

Apres hydrolyse alcahne menag& GPEr perd enwron 40% de son contenu en 
threomne (TabIeau II)_ 

Apres 8 h d’hydrolyse de GPEB par HCl 0,03N 2 IOOO, plus de 80% des oses 
neutres sent hberes et seulement 30% des oses ammes (Tableau III) Le fractlonnement 
de cet hydrolysat par &ctrophor&e sur bloc de Pewkon, a pH 2,4 est represent6 
sur la Fig 5 La premdre fraction est conshtde essentiellement par les oses neutres 
cette fraction n’a pas rmgrt5 La dew&me fraction contient pnnclpalement l’aclde 

DO 

+ 

Segments 

Rg 5 I%ctrophorbe SW bloc de Pewkon de l’hydrolysat du glycopeptlde GPEz obtenu apr2.s actlon 
de HCI o 03N, 8 h a 100~ Tampon aclde adtlque-aclde formlque, pH 2 4, 40 volts/cm, 9.600 set 
Trait plem - dosage des oses neutres Trait dlscontmu dosage des groupements amm& hbres par la 
mnhydrme Les barres honzontales mdlquent la r&mIon des Blunts constltuant chaque fraction 

aspartlque hbre Aucun gluclde ou aclde amme hbre ne peut Qtre nns en Cvldence par 
chromatographle dans les autres fractions Apres hydrolyse par HCI N, on ldenttie 
un seul gluclde, la glucosamme, dans les fractions III et IV, la threomne et la prolme 
dans la fractxon III, et la threonme dans la fraction IV La fraction V semble constltuee 
par un melange de peptldes et ne contlent aucun sucre 

TABLEAU III 

LIBERATION DES GLUCIDES DU GLYCOPEFTIDE GPEz AFRES 8 H D’HYDROLYSE PAR HCI 0 03 N A IOOoa 

Acide slahque I00 
Oses neutres 80 
Osammes 30 

=Pourcentage de chaque composd 
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DISCUSSION 

Les preparations de lactotransferrme utrhsees dans cette etude repondent a 
divers cr&res de puret6 qm en garantrssent l’homogCneit6 Les propnetes physrco- 
chumques, en partrcuher leur teneur en glucides, sont tres voisines de celles que I’on 
trouve dans la litterature’. 

Dans une etude pr&nmarre, nous avrons montre que la trypsme, la chymotryp- 
sme, la papaine, la pepsme n’ont qu’une actron hnutee sur cette glycoprotCme2’. Au 
contrarre, l’hydrolyse par la Pronase est t&s efficace et se poursurt bren au-delh de 
48 h; toutefois, xl faut raIouter penodrquement cet enzyme, car 11 s’autolyse assez 
raprdement’* 

La flltratron sur Sephadex G 25 d’un hydrolysat par la Pronase est un processus 
desormars classique dans les etudes sur la structure des glycoprotdmes Le passage 
sur Amberhte IR 120 n’mtervrent que pour Bhmmer quelques contammatrons peptr- 
drques Le rendement de ces opkations est de l’ordre de go% pour l’ensemble des 
glucrdes qm se retrouvent dans la fractron glycopeptidrque GPT dans les mCmes 
proportrons que dans la lactotransfemne native 

Sr elle est hetirogtne en Blectrophorkse, cette fractron GPT est exclue de la colon- 
ne de Sephadex G 25 en un pm umque et symetnque et semble homogene a l’ultracentri- 
fugatlon on peut done supposer que les drvers glycopeptides qur la const:tuent ont 
sensrblement Ie meme polds moldcularre Nous n’avons pas determme ce pords 
mol~ularre, cependant, la teneur en acrde aahque, II%, nous conduit a un pords 
mokulalre nmumum de l’ordre de 3000, chaque glycopeptrde contenant au moms une 
molecule d’acrde srahque Or, les glucides totaux de la lactotransferrme representent 
environ 7,5% de la molecule, - polds moleculaue g5,0004-, soit un poids mol&.rlarre 
de 7,200 D’autre part, la lactotransferrme possede trots resrdus d’acrde srahque SI 
l’on suppose que chaque acrde srahque est B l’extr&mtC d’une chaine polysacchan- 
drque, on aurait amsr trots chaks ayant un pords molkculaue de 2,400 Les glyco- 
peptrdes de la fraction GPT possedent environ 80% de glucrdes, representant alors 
2,400 sur un pords moleculaire de 3,000 Ces chrffres sont en accord avec la constante 
de skhmentation de GPT, 0,83 S, et surtout avec les resultats des dosages rapport& 
dans le Tableau II, pursque plusreurs acrdes ammes sont en proportron stoechio- 
mgtnque avec 3 mg de glycopeptrde (I pmole) 

Deux autres possrbrhtb peuvent ttre envisagbes son une chaine umque conte- 
nant les trots molecules d’acrde srahque et ayant un pords moleculaue vorsm de 9,000, 
sort deux chaines ayant respectrvement un pords molecularre de 6,000 et 3,000 Mars 
ces deux hypotheses ne semblent pas compatrbles avec un seul p~c symetnque de con- 
stante de s&drmentatron 0,83 S, et moms encore avec les dosages d’acrdes amines 

On pourrart done admettre que les glucrdes de la lactotransfemne sont repartrs 
en trois chaines termmees par un acide siahque et comportant I ou 2 residus de fucose, 
6 residus d’hexose et 4 r&rdus d’N-acetylglucosamme. 

Des rtkultats obtenus par ultracentnfugation de la lactotransfemne dans drffe- 
rents solvants corroborent cette hypothese Les ultracentnfugatrons sont effectkes 
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en tampon phosphate de sodmm O,IM pH 7. En presence dod&ylsulfate de sodmm 
O,OIM, on obtrent 6% de lactotransferrme natwe (s moms de 4,s S) et 94% d’un prodmt 
ayant pour constante 3,6 S Dans l’ur~e 8 M, on retrouve 18% de ce constrtuant et 
82% d’un constrtuant plus 1Cger (s 1,7 S) Enfin, dans la guamdme 6 M, on n’ob- 
tient plus que le constrtuant le plus 1Cger. 11 semble done bren que la lactotransferrme 
est constrtuee de trots sous-umt& et que, par suite, elle posdde trots chdnes poly- 
sacchancbques Notons que Jamiesonzg suggere que la transferrme humaine 
posdde deux chaines polysacchandrques, de constrtutron tres vorsme de celles-cr 

Le rendement de l’&ctrophor&e sur Pevrkon est d’envrron 75%. Les deux 
glycopeptrdes homogenes, GPEI et GPE2, representent 60% des produrts &cup&&, 
soit 45% de IYchanUlon initial 

Dans le prmcrpal glycopeptrde, GPEI, quatre acrdes anun& seulement sont en 
proportron stoechrometnque avec un glycopeptrde ayant un pords mol&ularre de 
3,000 l’acrde aspartrque, la threonine, la prolme et la phenylalamne Les autres 
acides ammes, presents en proportron plus farble, provrennent sort de contammatrons 
peptrdrques que l’on n’a pu Bhmmer totalement, soit de glycopeptides dont la parbe 
peptrdrque est moms dtgradCe Cette heterogenerte de la chaine pepbdrque est con- 
firmCe par la degradatron d’Edman - B chaque etape, deux phenylthrohydanto’ines- 
ammoacides sont rdentrfi6s Cependant, l’appantron des phenylthrohydantomes 
respectrvement de l’acide aspartrque Zt la dew&me &ape et de la prohne a la trorsreme 
suggere une sequence -Asp-Pro-. 

Le glycopeptrde GPE2 drffere de GPEI par l’absence de phenylalanme, ce qm 
per-met d’envrsager une posrtron termmale pour cet acrde ammC MalgrC un t&s 
mauvars rendement, l’actron de la carboxypeptrdase confrrme sa presence du cdtd 
C-termmal 

Amsl, seule la threonme n’apparait m du cate C-, nr du c&e N-termmal C’est, 
de plus, l’acrde ammC present en proportron la plus elevee dans les deux glycopeptides 
on peut done supposer qu’rl exrste une halson glucrde-peptrde de type glycosrdrque 
avec l’hydroxyle de la threomne La presence d’une telle halson dans une des chaines 
est Cgalement sugg&Ce par l’hydrolyse alcahne menagle ce trartement entraine, par 
/I-Chmmatron, la formation d’un acide arm& non sature (2-ammo-2,3-butinoique) B 
partrr de la threonine L’hydrolyse acrde subsequente provoque la decomposrtron de 
cet acrde3’ et l’analyse des acrdes arm&s met alors en Cvrdence une perte de la 
threomne Cette mCthode a pernns de montrer que la mucme de la glande sous-maxrl- 
lane ovme contenart des halsons de ce type 31 Dans le cas present, la perte de 40% de 
threonme est en accord avec cette hypoth&e Aloutons que, recemment, Montreurl 
et Monsrgny32 ont pu montrer laformatron d’acrde cr-ammobutynque apres hydrolyse 
alcahne et reductron par le borohydrure de sodmm33 d’un hydrolysat pronasrque de 
la lactotransferrme. 

L’hydrolyse de peptrdes ou de protemes par HCl O,O~N a la propnete de rompre 
specifiquement les harsons armdes avec l’acrde aspartrque26. Ce trartement provoque 
une degradation, non seulement de la chame peptrdrque de GPE2, mars encore de sa 
chaine polysacchandique 11 est d’arlleurs mt&essant de noter que les glucides sont 
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lib&es beaucoup plus facrlement a partrr des glycopeptrdes qu’8 partrr de la glyco- 
proteme natrve. Le fractionnement de cet hydrolysat par electrophorese sur Pevrkon 
per-met d’obtemr, d’une part l’acide aspartique hbre, d’autre part deux produrts 
constrtu&, l’un de threomne et de glucosamme, l’autre de prolme, de threonme et de 
glucosamrne. 

Nous n’avons pu etudier en d&all ces deux products par manque de substance. 
Dans un travarl en tours, nous cherchons Q co&rmer la structuredecesdeux composes 
Toutefois, ces resultats prehmmarres sont en accord avec les resultats precedents 

La transferrme du s&-urn presente des propnCt6s physlco-chnruques volsmes de 
celles de la lactotransfemne. Toutefors, la composrtron en oses et en acrdes am&s de 
ces deux glycoprotemes montre des drfferences sigmficatrves34, en rapport peut-Ctre 
avec la sp&zmcrtC nnmunologrque de la lactotransfemne. D’autre part Jarmeson*’ 
a montre que la transfemne posstdalt deux chaines polysacchandrques hCes a la pro- 
teme par I’acide aspartique, sans exclure cependant la possibilltt de liaisons glyco- 
sidlques avec la s&-me 

A partrr des r&ultats obtenus, nous pouvons Cmettre deux hypotheses d’une 
part, les glucrdes de la lactotransfemne serarent reparhs en trols chaines, d’autre 
part, 11 exrsterait dans la lactotransferrme des harsons de type glycosldrque entre 
les resrdus de threonme et les glucldes (vrarsemblablement la glucosamme) et la 
sCquence des acides ammCs au vorsmage de la harson serart la survante 

Asp-Pro Thr . Phe- 

6 

Gl&des 

II peut Ctre mt&essant de rappeler qu’une Ilarson semblable se retrouve dans ies 
mucmes des glandes sous-maxrllarres Or, la lactotransfemne est elle-mCme un prodmt 
de &r&on d’une glande exocrme et sa presence a ete montree dans les secretions 
bronchrques3’ et dans Ia sahve, la brie ou le sperme36 . ce type de haison est peut-Ctre 
caractenstrque des glycoprotCmes d’ongme glandularre 

Des glycopepbdes de la lactotransferrme humame sont prgpares par hydrolyse 
pronasrque, sutvre de chromatographle sur Sephadex G25, Amberhte IR120 et 
Clectrophor&se a haut voltage sur Pevrkon. La composttron de ces glycopeptrdes 
sugg&re que les glucrdes sont repartis en trots cha-mes Une haison de type glycosr- 
&que par un groupement hydroxyle de la threonme est nuse en evrdence 

SUMMARY 

The structure of human lactotransferrm has been mvestigated by Pronase 
drgestion, followed by chromatography on Sephadex G25 and on Amberhte IR-120 
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and by high-voltage electrophoresls on Pewkon The composition of the resultmg 
glycopeptldes suggests that the carbohydrate moiety is composed of three similar 
chains Some ewdence for the presence m lactotransfernn of glycosldic Imkages, 
involvmg the hydroxyl groups of threonme residues, IS presented 
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INTRODUC-I-ION 

Adsorption studies conducted over a broad range of temperature provide a 
means for surveymg for chemical reactivity between a solid surface and a gaseous 
molecule It may be antlcrpated that adsorptron due to weak physical mteractions 
will drop sharply as the temperature IS rarsed However, processes mvolvmg strong 
physical or chemical mteractions may not be activated at low temperatures, should 
such activation occur at hrgher temperatures, an increase m the amount of adsorption 
would result as the temperature IS raised 

In the present study, direct heterogeneous interaction of gaseous ammoma 

with the hehcal amylose species, namely “V” amylose dehydrate, was undertaken 
“V” Amylose dehydrate, also called anhydrous “V” amylose, has a helix packmg- 
diameter’ of 13 o A, water reacts at both the hehx exterior and the mterhehcal 
cavrtres* Smce there IS a general smularny of the ammoma and water molecules, 
adsorption of ammonia on the hehx surfaces is to be expected, particularly at low 
temperatures 

MpERIhlENl-AL 

Although “V” amylose dehydrate was the prmcipal carbohydrate matnx 
under mvestigation, auxlhary data were obtained from pahmtic acid-amylose3, 
and from amorphous amylose Vacuum techmques4 were used for handhng and 
treatmg the amylose samples These techniques permit study over a wide range of 
temperature, but they restrxt to less than one atmosphere the pressure of ammoma 

gas that may be applied Gas-sohd studies were conducted under a tied pressure of 

ammoma gas at various temperatures Reactions were performed in the absence of 

au, with the sample temperature and the ammoma pressure under careful control 

A treatment of “V” amyIose by liquid ammonia was aIso conducted under vacuum 
to supplement the gas-sohd study Reaction products of ammonia wrth “V” amylose 
and wrth the palmrtrc acrd-amylose complex were characterrzed by X-ray diffraction 
powder-patterns, and quantrtative estunates of the uptake of ammonia by the starch 

*Present Address Geigy Research Laboratones, Yonkers, New York, N Y 
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samples were made gravimetrrcally. Kjeldahl analysis for nitrogen was used for testmg 
for chenucal mcorporatron of ammoma. 

The “V” amylose dehydrate was prepared from amylose (IO g, supplred by the 
A E Staley Co ) whrch had first been defatted and drred, sufficrent water was then 
added to give a suspension (I % by wt ) The mixture was autoclaved (15 lb/m 2, I h), 
the supernatant hquor was decanted from residual insoluble matter, and the hot 
solutron was saturated wrth hot I-butanol and placed in a Dewar flask (to allow 
extremely slow coohng). After four washmgs wrth r-butanol followed by filtration, 
the amylose was drred for 4 h m an Abderhalden dryer at 64” C under vacuum X-ray 
powder patterns rdentrfied the precrpnate as havmg a hexagonal-cell constant and, 
hence, a hehx packmg-&ameter of 13 o A 

A sample of amorphous amylose was obtamed by proceedmg as above, mcludmg 
the autoclavmg Then the &spersron was raprdly cooled to IOOC m an ice bath The 
resulting precipitate was separated by centnfugatron, and freeze-drred (24 h, pressure 
< I mm), thrs product drd not have a discrete, &flYactron pattern To prepare the 
amylose-pahmtrc acrd complex, molten palmltrc acrd (I oA by wt) was added to the auto- 
claved dispersion The muttme was stirred at reflux temperature for three days, 
and subsequently allowed to cool slowly to room temperature The resultmg precipr- 
tate was separated by centnfugatron, washed with two portrons of I-butanol, filtered 
through a fretted-glass funnel, and freeze-dned (24 h, pressure c I mm) X-ray pow&r 
patterns mdrcated the presence of a fatty acrd-amylose complex sumlar to that reported 
by Wkus, Hrxon, and Rundle3, but wrth orthorhombrc-cell constants a = 13 3, 
b = 23 3, c = 8 o A. 

The function of the palmrtrc acid 1s to serve as a protecting agent by closing 
off the mtenor of the “V” amylose hehx to attack by ammoma, the amylose-palmttrc 
acid complex is, however, not truly rsomorphous wrth the crystalhne “V” amylose 
dehydrate, as IS demonstrated by a comparrson of cell drmenaons3 The cell chmenslons 
of the two are closely related, but those of the pahrntrc acrd complex are not pseudo- 
hexagonal On a comparatrve basrs, the external surfaces of the hehx and the mter- 
helical sorption volumes of the two helix types can be taken to be very smular, 

although not rdentrcal. The extenor of the hehx cf the amylose-rodme complex 
behaves ldentlcally to that of the “V” amylose dehydrate’, but rodme was not used 
as a protectmg agent because rt IS highly reactrve toward ammoma As IS found with 
many polymeric matenals, lack of crystal perfectron hmrts the observable drffractron 
maxima obtamable from powder patterns of “V” amylose, and remans of menng 
Qsorder and imperfection are hkely to be present m the sohd However, crystal 
defects m the pahmtrc acrd-amylose complex may be consrdered to match those m 
the “V” amylose dehydrate In ad&bon, the data from amorphous amylose should 

provide a rough basis for assessing the adsorptive propertres of disordered and rmper- 
feet regrons m the “V” amylose dehydrate 

The vacuum lme was constructed with standard features4, mcludmg a volume 
ballast-bulb, a manometer, a M&cod gauge, and a sub-mamfoldmto which anhydrous 
ammoma was introduced for storage at -80°C Amylose was placed m the reaction 
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chamber, which was attached to the mam mamfold by a ball-and-socket Jomt; entry 
to the sample chamber occurred at a tapered, ground-glass jomt _whrch was directly 
adJacent to a stopcock For the gas-sohd stmhes, ammoma gas was admitted into 
the mam mamfold and into the reaction chamber contarmng an amylose sample at a 
fixed pressure of 700 mm Hg The temperature of the amylose sample was controlled 
by plac.ng the sample chamber m a low-temperature bath or m an 011 bath (thermo- 
static control), in this way, a temperature range of -30 to f80”C was really 
obtamed The sample was allowed to remam m contact wrth ammoma vapor for 24 h 
The amount of vapor adsorbed was determmed gravimetrrcally, wetghmgs bemg 
made in the reachon chamber on an Amsworth, sem-rmcro, smgle-pan balance at 
room temperature_ The amount of ammoma taken up by the amylose sample was 
determmed after correctmg for the werght of gas above the sample m the sample bulb 

When a gravrmetnc determmatton was made at a temperature below 25°C 
(at 700 mm Hg), rt was necessary to allow the chamber to warm to room temperature 
before it could be accurately weighed, in order to avoid condensation of moisture on 
the outside walls of the chamber Thrs warmmg created the problem of build-up 
of an internal pressure above 760 mm during equrhbratron to room temperature, 
thrs was solved as follows The volume of the chamber and mamfold were first 
accurately determined At the conclusion of an adsorptron expenment, the chamber 
was closed off from the mamfold and was mamtamed at the low temperature whrle 
the mamfold was evacuated to a pressure below o I mm Hg The chamber was then 
carefully opened to the mamfold, and was allowed to warm to room temperature as the 
desorbed ammoma diffused mto the mamfold When the temperature of the entue 
system had reached eqmhbnum, the pressure of the system was measured, and the 
chamber was closed and weighed The weight of ammoma that had been desorbed 
from the sample during eqmhbratron IS calculable from the P-V-T relatronshlp 
(Idea!-gas equation of state), after the proper correctrons for the expansron of ammoma 
vapor over the sample have been made 

Amylose samples to be treated with llqurd ammoma were placed m the reaction 
chamber, which was then evacuated and cooled m a Dry Ice-a-propanol bath When 
the ammonia was drstdled mto the chamber, it liquefied; after I h, the ammoma was 
removed by pumping In additron, a specral reaction-chamber was constructed which 
could be so trlted as to decant the hqurd ammonia from the amylose, very short, 
expertmental reactron-times could be obtamed with thts vessel 

The reaction products of ammoma wrth “V” amylose and the “V” amylose- 
pahmtrc acid complex were examined with filtered Cu or Cr ra&atron at room tempera- 
ture, the radms of the X-ray camera was 57 3 mm. Samples were removed from 
the reaction chamber and placed m thin-walled, glass caprllanes; these were sealed 
with Aprezon W wax The process of transfer of sample involved a two-mmute 
exposure to the atmosphere pnor to sealmg 

ISJeldahi analyses for mtrogen were conducted by EFCO Laboratones, Tucson, 
ArlZOM 
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RESULTS 

The amounts of ammoma adsorbed by “V” amylose dehydrate, the “V” 
amylose-palrmtic acid complex, and amorphous amylose are presented m Ftg 1. 
Observed mcreases of weight due to adsorbed ammoma have been converted Into 
molecules of ammoma per D-glucose restdue for this tabulation, in order to indicate 

= 00 
5 1 I 1 1 , 1 

f 
-30 -10 10 30 50 70 

Temperature m’C 

Fig I AdsorptIon data as a function of temperature of exposure to ammoma at a pressure of 
700 mm Hg Ammoma uptake by “V’ amylose dehydrate ( e , ), by the amylose-palrmtnz 
acid complex (a, - - - -), and by amorphous amylose (A, 1 

directly the stoxchlometry Involved m mteractlon, estimates of the error of the ordmaie 
m terms of reproduclblhty of data are fo 05 molecule of ammoma per D-glucose 
residue The pressure of ammoma was fixed at 700 mm Hg m each experiment, and 
results are plotted as a function of the temperature of the sample for the range -30 to 
f80”C. GravImetnc data for the fatty acid-amylose complex were corrected for an 
assumed 7% content of fatty acrd (by wt)3, which corresponds to one palmltlc acid 
molecule per 20 D-glucose restdues, wtth this ratto, a correctron term based on the 

posstbthty of a I I reaciton between ammorna and palmltIc acrd would not be slgrufi- 

cant 
At the conclusion of each gravlmetrlc determmatlon, a small portion of the 

sample was taken for X-ray analysis X-ray results are shown m Fig 2 and Tables 

I and II The d-spacmgs of the hexagonal (I IO) and (210) hnes on powder films were 
used to calculate the hehx packmg-&ameters found m the reactlon products after 
“V” amylose dehydrate samples had been exposed to 700 mm pressure of ammoma; 
hehx packmg-hameters are plotted versus temperature In Flgurez. Maxlmum expected 
hrmts of error m hehx size due to measurement are estimated at &o 07 Hi, except for 
the sample treated at -25” C, tbs sample yielded a dSraction pattern of three halos 
having sm2 Q values of o 0040, o 01 17, and o 0273 The X-ray powder pattern of the 

“ V” amylose-ammoma adduct havmg the greatest number of, and sharpest, drtfractton 

Carbohydrure Rcs, 3 (1966) 168-176 



172 P. C. NICOLSON, G. U. YUEN, B ZASLOW 

hnes land, therefore, the most crystalhnity) was obtamed at 80°C Table I shows the 
sm2 Q values for CuKa radiation, and the relative mtenstty of the pattern demonstrated 
by this product The calculated hehx packmg-diameter is 13 12 A. Agreement between 

observed and calculated sm*63 values mchcates that hexagonal drmensrons have been 
retamed 

TABLE I 

SIN%) VALUES (CUK’X RADIATION) FOR THE PRODUCT OF THE REACZION OF “v” AMYLOSE DEHYDRATE 

AT 80 “C WITH AMMONIA (700 MM Hg) 

Hexagonal Itzrensrty Stn2@ 
Indtces Obs Calc 

(104 In o 00459 o 00459 
(I To) mS o 0137 o 0138 
(200) VW o 0182 o 0183 
(=o) VS 0 0321 0 0321 

(300) W 0 0412 o 0413 

(4x0) VW o og6o o 0964 

(5I2) V-VW o I43 0142 

TABLE II 

SIN’@ VALUES (CuKa RADIATION) FOR AMYLOSE-PALMITIC ACID COMPLEXES 

Orthorhombtc Ltterattrre Startmg Temperature of sample exposed to NH3 
rndrces Lalues3 matertal oapor hqurd 

67°C 25°C 0°C -2yc -80°C 

(110) o 0045 o 0045 o 0046 o 0047 o 0046 0 oo41 0 0040” 

(010 0 0109 0 0109 

(200) o oI37 o or35 o 0138 o 0138 o 0135 o 0118 o 0116~ 

(131) 0 0221 0 0224 0 0219 0 0222 0 0219 0 0217 

o 0273 o 0262 

(3x0) 0 0323 0 0320 o 0325 o 0327 o 0325 o 0324 0 0320 

(320) o 0349 

o 0439 0 0400 o 0399 o 0404 
o 0692 

“Measured at the center of the halo 

The observed sm28 values, denved from CuKa radiation, of the palmrtrc 
acid-amylose complex wluch was used for startmg material, as well as the sm28 
values for each of the reactron products from fatty acrd complex plus ammoma 
mteractron, are shown in Table II The sm269 values reported by Mikus, Hrxon, 
and Rundle3 for the palnutrc acid-amylose complex are also recorded, along wrth 
their orthorhombic mdlces Since the X-ray powder patterns for the reactton products 
of fatty acrd complex and ammoma were diEcult to measure, and could not be indexed 
reliably, the mdrces m Table II, column I, do not necessarrly apply to the sin2 8 
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values listed for the reactron products at the various temperatures. However, tt may 
be noted that the sm28 values hsted for the hnes showmg the (I IO) and (200) ortho- 
rhombrc uuhces have J-spacings that are approximately m the ratto 3l” to I, and 
roughly correspond to d-spacmgs of the hexagonal inlces (100) and (I IO) An appiox- 
imate hehx packing-hameter was calculated for these hnes The concept of approxr- 
mate hehx packmg-lameter as applied to the palmittc acid-amylose complex is 
probably vahd wlthin fo 15 A The two umermost halos, observed when the fatty 
acid complex IS treated w&h hqurd ammoma, are very sumlar to those observed for the 
“V” amylose treated wrth hqmd ammoma, which IS described belo-. 

I I I 1 , I I 

-30 -10 IO 30 SO 70 so 

Temperature in%2 

Fig z Packmg diameter spacmgs as a fun&on of temperature of exposure to ammoma at a pressure 
of Too mm Hg Varlatlon m helix packmg diameter of “V” amylose dehydrate ( l , ) Approxl- 
mate hehx packmg-diameter of the amylose-palmltlc actd complex (a, - - - -) 

Treatment of “V” amylose dehydrate wtth hqmd ammoma yields a hard, 
grrtty product that IS readdy soluble 111 water The X-ray d&?actron pattern of thrs 
product consisted of three dfluse halos appearmg at the approxtmate positions of 
the (IOO), (I IO), and (210) d&action hnes for the “V” amylose pattern, but at siightly 
lower angles The observed sin20 are 0 0040, o or 17, and 0 0273, wrth CuKa ra&ation 
The hehx packmg-diameter m the hexagonal cell could be roughly 14 2 A Treatment 
of “V” amylose dehydrate mth hqtud ammoma for one second, m a special chamber, 
gave a product whose X-ray powder pattern showed a nuxture of the halo species and 
“V” amylose dehydrate The reactron of hqmd ammoma, which led to the halo 
species, could not be reversed by pumping from the sample, even though all the 
ammoma was shown, by subsequent welghmg, to have been removed, “V ’ Amylose 
dehydrate showed no apparent solublhty m a large excess of hqmd ammoma 

X-ray studies showed no change of size of packmg diameter m an ammomated 
species havmg a packing &ameter of 13 2 A when It was allowed to stand exposed 
to atr for four hours. However, the gam III we&t due to adsorbed ammoma was not 
retaIned to any detectable extent by samples of “V” amylose that had been subjected 
to vacuum at room temperature, the X-ray pattern of samples de-ammomated by thrs 
means showed only the characteristic d-spacings of “V” amylose dehydrate 

To check for chermcal mcorporatlon of mtrogen into amylose samples, Kjeldahl 
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analyses for mtrogen were performed. Pnor to analyas, samples were subjected to 
vacuum for q h at room temperature The results were as follows “V” amylose 
dehydrate plus hqurd NH3 for I h at -78”C, o 042% N, “V” amylose dehydrate 
plus NH3 vapor at 80°C and 700 mm Hg for 24 h, o 085% N, control (z e , untreated 
“V” amylose dehydrate), o 050% N. 

Temperature m*C 

Fig 3 Adsorptton results for crystallme “V” amylose Ammoma uptake by crystallme “V” amylose 
dehydrate at a pressure of 700 mm Hg, assummg the total “V” amylose dehydrate to be 40% crystal- 
Ime 

DISCUSSION 

The gravrmetnc curve shown m Frgure I for the“V” amylose dehydrate mdrcates 
extensrve adsorptron of ammoma vapor at -25°C. A comparison wrth the palnutlc 
acid-amylose, where the mtenor of the hehx is blocked, shows that, m the total 
sample, approxrmately one molecule of ammoma per D-glucose resrdue IS adsorbed 
on the mtenor of the hehces of “V” amylose dehydrate at thus low temperature The 
adsorptron capactty of the mtertor of the hehx toward ammoma drops off raprdly as 
the temperature 1s changed from -25 to +5”C At about 5” C, both species show an 
adsorptton of about one molecule of ammoma per D-glucose resrdue, the two curves 
do not cross, but almost touch at thrs temperature 

Since rodme bestows stab&y on the hehcal structure of the amylose-iodme 
complex m the presence of water vapor’, it IS reasonable to expect that the pahmtrc 
acid stabrllzes the carbohydrate hehx m the palmltrc acrd-amylose complex. The hehx 
packmg-hameter of about 14 A observed for the adduct of pahmtlc acrd-amylose 
and ammoma at -25OC can then best be explamed by extensrve adsorptron on the 
hehx extenor, rather than by an expansron due to enlargement of the carbohydrate 
skeleton by a fractional increase 111 the number of D-glucose residues per hehx turn 
At -25°C the helix pachng-duuneter of the product of reaction between “V” 
amylose dehydrate and ammoma is 14 2 A, which, because of its closeness to that for 
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palnutrc acid-amylose, suggests that the “V” amylose dehydrate has undergone 
a srmrlar process, that IS, the increase m packmg diameter from 13 o A to 14 2 A 

IS also due to extensrve adsorptron of ammoma on the hehx exterior. If thrs IS so, 
the structure of the “V” amylose hehx IS stable, even m the absence of the complexmg 
agent, at a pressure of ammoma of 700 mm Hg. Then, as the temperature is changed 
from -25 to +IO”C, mteraction on the helix exterior drops off markedly, as IS mdi- 
cated by the negative slopes of the gravimetric and hehx-dnuneter curves for the “V” 
amylose and the fatty acrd complex, respectrvely, m Frg 2, the hehx-dmmeter curve 
for the “V” amylose dehydrate reaches a mmmum at about I I “C. 

A small increase IE the capacity of crystalhne “V” amylose dehydrate to adsorb 
ammoma IS found at temperatures m the range of 15 to 80°C; this phenomenon IS 
reflected in both the crystallographrc and the gravrmetrrc data. Above 3o”C, the 
lattrce expansron for the crystalhne “V” amylose dehydrate IS greater than the error 
m measurement, therefore, the slow rise m reaction with ammoma on the helix 
extenor at higher temperatures IS real, and IS complemented by the improved crystal- 
lmity observed at 80°C The curve for amorphous amylose, plotted in Frg I, IS a 
lnmtmg curve, and may be taken to represent a description of the adsorption m the 
more disordered and imperfect regrons in the “V” amylose dehydrate It IS note- 
worthy that the proportron of adsorbed ammoma dummshes more sharply for the 
amorphous amylose than for the “V” amylose dehydrate in the range of 25 to 80 “C 
Thrs means that the regions rn the total“V” amylose dehydrate that areleast disordered, 
or most crystallme, show an increase m abihty to adsorb ammoma at the higher temp- 
eratures The effect may be put on a sermquantrtatlve basrs, on the assumptron that the 
“V” amylose dehydrate may be treated as though rt were composed of two fairly 
homogeneous portions an amorphous fraction and an essentially crystalhne fraction; 
with this assumption, the adsorption data at I I “C imply that the “V” amylose dehy- 
drate 1s CQ 40% crystalhne At I I “C, the helix packmg-diameter mdrcates that no 
adsorption has occurred on the extenor surface of the hehx 1~ “V” amylose dehydrate, 
and the gravrmetnc data mdrcate that the correctron for adsorptron on the hehx 
mterlor IS very small, all of the ammoma adsorbed on “V” amylose dehydrate can 
then be attributed to the presence of amorphous amylose, which represents about 60% 
of the total sample A plot of the molecules of ammonia adsorbed per D-glucose residue 
of crystalhne “V” amylose, made by applymg a o 40 fractron for crystallmity, ts 
shown m Frg 3 The nse m sorptron above 15°C means that a new type of mteractron 
between the more crystalline fraction of “V” amylose dehydrate and ammoma has 
been activated 

It IS mterestmg to note that, at -80 “C, pure hqurd ammoma can irreversibly 
disrupt the mterhehcal “V” amylose structure. The presence of the halos m the X-ray 
powder pattern may be Interpreted as bemg the result of fragmentatton mto smaller 
particles, the hehces bemg forced apart from one another. Thus would account 
for the observed drspersabrhty m water of the product obtamed on treatment with 
hqmd ammoma Despite the disruption of the regular structure, the lack of retention 
of mtrogen by the carbohydrate structure shows that selechveincorporatronof ammorua 
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mto the “V” amylose matrrx does not occur at low temperature However, pretreat- 
ment of “V” amylose wrth hquid ammoma may prove to be a means of erihancmg 
the reactrvrty toward other reagents by exposing the outer hehx surface to chenucal 
attack. 

Changes m lattice constants m the “V” amylose-ammoma system are contmuous 
or nondtscrete, therefore, ammoma adsorptron IS nonspecfic under the condrtrons 
stu&ed, and except m general terms, rt cannot be related to a detailed molecular 
picture of the “V” amylose hehx By contrast, water vapor attacks crystalhne “V” 
amylose dehydrate at specrfic sates, so that a lattice Qscontmurty occurs and 2 storcbro- 
metnc hydrate IS formed’*’ Accordmg to the Hybl model of “V” amylose, whrch IS 
based on a smgle-crystal analysis of potassium acetate-cyclohexaamylose, a number 
of oxygen atoms are exposed at the extenor surface of the hehx6, and are avarIable for 
hydrogen-bondmg mteractrons. Although both water and ammoma are readrly 
capable of forming hydrogen bonds, water undoubtedly forms fewer but stronger 
hydrogen bonds wrth the carbohydrate polymer. 
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SUMMARY 

The reactrvlty of “V” amylose toward ammoma has been mvestrgated by an 
adsorption study with gaseous ammonia over the temperature range of -30” to 
$-So%, and with hqmd ammoma at -80% The study w&h gaseous ammoma 
was conducted at a Axed pressure of 700 mm Hg, where the gas pressure and the 
temperature control of the samples were mamtarned by using hrgh-vacuum techmques 
Both gravrmetnc and X-ray d&actron data are reported Much physrcal adsorptron 
occurred on both the interior and exterior of the hehx at low temperatures Adsorption 
dropped markedly as the temperature of the sample was rarsed to IO”C, at higher 
temperatures, there was evrdence that a new sorptton process was activated Vanable 
packmg-diameters for the hehx were observed, mdtcatmg that adsorption on the 
hehx extenor 1s not restncted to specrfic sites 
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METHYLATION OF CARBOHYDRATES BEARING BASE-LABILE SUBSTIT- 
UENTS, WITH DIAZOM-ETHANE-BORON TRIFLUORIDE ETHERATE I 

IRMA 0 MA.STRONARDI, SUSANA M FLEMAT~. JORGE 0 DEFERRARI, AND EDUARDO G GROS* 

Departamento de Qufmrca Org&mca, Facultad de Ctennas Exactas y Natwales, Unrversrdad de Buenos 
Awes, Per6 zzz, Buenos Aues, Argentma 

(Received July qth, 1966) 

Methylatlon of carbohydrates contaimng base-labile substltuents (e g , acetyl 
groups) with the conventIonal reagents, such as methyl lolde or methyl sulfate 
m the presence of such bases as sliver oxide or banum hydroxide, respectively, IS not 
a suitable reactlon owmg to the ready moblhty of the substltuents m the aikahne 
me&a 

Previously, we have reported’ that tlus &fficulty could be avolded by the use 
of hazomethane and baton tnfluonde etherate, smce, under the acllc condxtions 
of the reactlon, the sensitive groups seem to be unaffected, whereas the free hydroxyl 
groups are readily methylated’ We now report an extension of the previous work to 
show the versatrlrty of the method, which may be used to methylate pnmary and 
secondary alcohohc groups m compounds known to suffer acetyl rmgratlon when 
methylated wth Purche’s reagents 

1,2,3,4-Tetra-O-acetyl-/?-D-gIucopyranose (I), when methyIated with dlazo- 
methane-boron tnfluonde etherate produced r,2,3,4-tetra-O-acetyl-&O-methyl-/?-D- 
glucopyranose (S)‘, but when compound 1 was treated wrath methyl lo&de and sliver 
oxide a C-r to C-6 acetyl rmgratlon occurred and methyl 2,3,4,6-tetra-O-acetyl-&D- 
glucopyranoslde (6) was obtained3 

Methylation of 1,3,4,6-tetra-O-acetyl-j-D-glucopyranose (2) and of its anomer 
(3) with the new reagent afforded, respectlveIy, r,3,q,6-tetra-U-acetyI-2-O-methyI- 
fl-D-glucopyranose (9) and the CL-D anomer (10) m high yields, It was already known 
that compounds 2 and 3 are both converted mto 6 upon treatment with Pur&e’s 
reagents4 We found a sirmlar acety1 nugration mth r,3,4,6-tetra-O-acetyl-a-D- 
gaIactopyranose (5), wluch yielded methyl 2,3,4,6-tetra-O-acetyl-/%D-galactopy- 
ranosxde (7) when subrmtted to the actlon of Fur&e’s reagents On the other hand, 
when compound 5 was methylated wth dmzomethane-boron tnfluonde etherate, 
r,3,4,6-tetra-O-acetyl-2-O-methyl-or-D-galactopyranose (12) was rea&ly obtamed 
The new methylation me’ihod pentted us to transform r,2,3,6-tetra-U-acetyl-P_D- 
ghxcopyranose (4) into the hltherto-unknown r,2,3,6-tetra-O-acetyI-4-U-methyl-&D- 
glucopyranose (ll), it had earher been reported’ that an acetyl rrugratlon occurs 
upon methylation, urlth Purdle’s reagents, of compound 4 (whch was also converted 
mto compound 6) 

*Research member of the ConseJo Naclonal de Investlgaclones CIentificas y Tkcmcas 
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To confirm the structures of compounds 8,9,10,11, and 12, they were deacetyl- 
ated wrth sodium met&oxide in methanol m yields of about 80%, thus, compounds 
9 and 10 yrelded 2-O-methyl-j?-D-glucose (14); compound 8 afforded 6-O-methyl-a-D- 

glucose (13), compound 11 produced 4-O-methyl-D-glucose (15) (mrxture of the ano- 
mers), and compound 12 gave 2-O-methyl-/I-D-galactose (16) The physrcal propertres 
of the monomethyl ethers were Identical with those of authentrc specrmens 

ACO--~~~ -‘a_ AC;% ‘tRoAc 

(1) (21 (3) OAc (4) 

OAc 

(8) 

t 

HO 

OH 

AcO$$&~~~ Ac;& 
(9) (10) OAc 

/ 

f CI-LOH 

OH 

OAc 

Me0 

The n m r. spectra of the mono-O-methylhexoses show that each of the crystal- 
lure products (13,14, and 16) IS a pure anomer Compounds 14 and 16 are in the P-D 

form, smce, unmedrately after drssolut~on, the hemracetal proton seems to be axml, 
bemg coupled to H-2 with an axml-axml couphng of about 8 c p s Measurement of 
the solution m deutenum oxrde after 6-7 h reveals (a) a decrease m the relative 
intensity of the previous signal, and (b) the appearance of another doublet at lower 
field due to the equatorial posrtion of H-r (a-D form) which is coupled to H-2 mth 

an equatorial-axral couphng of about 3 c p s , th accompanies the mutarotatron that, 
111 both cases, produces an increase in the value of the optical rotation For compound 
13, the crystalhne product IS m the a-D form, because the spectrum reveals that H-I 1s 

m the equatonal position; 6 h after dissolution, the spectrum exhrbus another doublet 

at higher field (/3-D-form) havmg an axrakxral couphng of about 8 c p s , III this case, 
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the mutarotation consists of a sh& of the optrcal rotation to lower values. The syrup 
15 proved to be a mucture of the anomers, smce Its n m r spectrum shows two doublets, 
correspondmg to equatonal and axml H-I , the former 1s coupled to H-2 wnh a couphng 
constant of 3 c p s , whdst the latter exlublts a couplmg constant of 8 c p s , this 
result 1s m agreement with the lack of mutarotatlon of compound 15. 

AcO 

OAC 
‘7) (5) (12) 

In accordance with our previous findmg’, the method IS surtable for methylanon 
of the alcohohc hydroxyl groups of carbohydrates beanng base-sensmve substltuents 
Other advantages of the method are the short trme needed to compIete the reactlon and 
the lugh yields (70-900A) m which the methylated products are obtained 

EXPERIMENTAL 

Melting pomts are not corrected Infrared spectra were recorded with a Perkm- 
Elmer Infracord spectrophotometer. Nuclear magnetrc resonance spectra were 
determmed m deuterlochloroform or deuterium oxide, wnh tetramethyIsllane as the 
internal reference, by usmg a Vanan A-60 spectrometer. Solvents were removed under 

dln;lmshed pressure below 50” 
1,2,X+Terra-0-acetyl_8-D-ghcopyranose (2) - Compound1 was obtamed by a 

method descnbed6 m the hterature Our product had m p 129-130”, [c&O +I I 8” 

(c I I, chloroform), m agreement wrth the reported values6 
r&4,6-Tetra-0-acetyl-P-D-glucopyranose (2) - Thrs was prepared accordmg io 

Lermeux and Huber’ Our compound showed m.p. 135-q@‘, [a];’ i-24.2” (c I I, 
chloroform), ht 7 m p 136-137”, [a],, t26”. 

1,3,#.6-Tetra-0-acetyl-m-D-ghKopyranose (3) - This product was prepared 
after the method of Helfench and Ztmer’ Our compound had m p g7-98”, 

blh” f139 4” (c I o, chloroform) m agreement with the properties of a sample 
kmcily provided by Professor Helferich 

r,2,~.~Terra-O-acefyZ-~-yl-P-D-glucupyrm2ose (4) - This compound was obtained 
followmg the method described by Banner ’ Our product had m p. 129-130°, [alEo 
-32 6” (c I I, chloroform) m accordance w&h reported values 

r,3,4,6-Tetra-0-acetyI-u-D-galactopyranose (5) - This was obtamed as des- 
cnbed by Helfench and Zlmer * Our compound had m p 145-146”, [a];’ j-140 2O 

(c I o, chloroform) in agreement vvlth the properues of a sample provided by 
Professor Helfench 
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Methylation of r.3,.#,6-tetra-0-acetyl-a-D-galactopyranose wrth Purdre’s reagents 
Preparatron of methyZ 2,3,&j-tetra-0-acetyl+~gaIactopyranos~de (7) 

Compound 5 (5 g) was treated urlth methyl lo&de (17 5 g) and freshly prepared, 
wet sliver omde (3-7 g), which was added m portions durmg 30 mm The rmxture was 
shaken durmg I h, the temperature bemg kept at about 40” The sohd was fihered off, 
and the filtrate was evaporated The syrupy residue was Qssolved m methanol (5 ml) 
and crystalhzed by addmon of water (20 ml); it was then recrystalhzed from I 4 
methanol-water to yield pure compound 7 (4 2 g, 80x), m p g6-g7O, [a];’ - 14 2O 
(c I o, chloroform), m accordance with the reported values” When deacetylated 
wrth sodium methoxlde in methanol, compound 7 (o 5 g) gave methylb-o-galacto- 
pyranoslde (220 mg, 84"&, m p I78-17g0, [a]&’ i-o IO (c I I, water); ht l1 m p. 
I78-r7g”, [a]:’ +I 2O 

Methylatlon with drazomethane-boron tr@or me etherate General PI ocedure 
The substrate (compounds 1, 2, 3, 4, and 5) (I g) was lssolved in dichloro- 

methane (IO ml), and the solution was kept at -5O while boron trlfluorlde etherate 
(o 04 ml) was added A solution of hazomethane m dlchloromethane was then slowly 
added at the same temperature A vigorous reactron occurred with formation of a 
white sohd (polymethylene), and the addition was stopped when a faint yellow color 
persisted m the solution for a short time After 30 mm at -5”, the solid was filtered 
off, and the filtrate was washed with 10% sodmm hydrogen carbonate solution 
and with water, and dried mth magnesmm sulfate The residue obtained by evapo- 
ration of the filtrate crystalhzed spontaneously The method was applied to the 
preparation of the followmg compounds 

(a) I,2,3,4-Tetra-O-acetyEd-O-methy~~-D-gIucopyranose (8) - When recrys- 
talhzed from absolute ethanol, the product (925 mg, 88’4 had m p gz-g&, [a];’ 
f20 5' (c I I, c‘hloroform) m agreement with the values reported12 The I r and n m r 
spectra were m accordance with the structure, m the latter spectrum, the O-methyl 
signal appeared at T 6 65 and the H-I signal as a doublet at r 4 24 (.J1 t 8 c p s ) 

(b) r,3,4,6-Tetra-O-acetyl-~-O-methy~-~-D-gIucopyranose (9) - Thus was 
recrystallized from g5 ‘A ethanol, the pure product (820 mg, 78 %) had m p 106-107O, 
[a];’ f2g IO (c 1.1, chloroform) The 1 r spectrum showed no absorption m the hydr- 
oxyl reDon, and the n m r spectrum showed the O-methyl group at 7 6 49, the H-I 
signal appearmg as a doublet at T 4 36 (J1 ,2 8 c p s ) 

Anal Calc for C15H22010- C,4972,H,612 Found C,4977,H,6og 
(c) r,3,4,6-Tetra-O-acetyZ-z-O-methyZ-a-D-gZucopyra~se (10) - When recrys- 

tallized from 95% ethanol, the product (800 mg, 75%) had m p 107-108”, [a]% 

-I- Iog 2O (c o g, chloroform), with no hydroxyl bands m its I r spectrum In the n m r 
spectrum, the O-methyl signal appeared at 7 6 57, and the H-I signal showed as a 
doubletatz353(J1,,35cps) 

Anal. Calc for C,5H22010- C, 49 72, H, 6.12 Found C, 4g 52; H, 5 85 
(a) r,2,3,6-Tetra-O-acetyI-4-O-methyI_P-D-gZucopyranose (11) - After recrys- 

talhzation from 95% ethanol, the compound (862 mg, 82%) had m.p. 1o3-1o4”, 
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[ct]k” -IO 2’ (c I I, chloroform) The I r. spectrum showed no absorption in the hydr- 
oxyl region, the n m r spectrum showed a band at r 6 55 (O-methyl), H-I signal 
appearing as a doublet at r 4 2g (J1,2 8 c p s). 

Anal Calc. for C15H2201,,- C, 49.72. H, 6 12. Found C, 49.59, H, 5 80 
(e) I,3,4,~Tetra-O-acetyl-z-O-methy~-a-D-gaiactopyranose (12) - l&S Was 

recrystalhzed from 95% ethanol, the compound (780 mg, 74%) had m p 101-ION, 

[a];’ 4-98 o” (c I o, chloroform) The 1 r spectrum showed no hydroxyl absorptron, 
and the n m r spectrum showed a band at o 6 55 (U-methyl) and a doublet at r 3 50 
(J1 ,t 4 c p s ) (hennacetal proton) 

AnaZ Calc for C15H22010- C, 4g 72 9 H, 6 12 Found C, 4g 72, H, 6.38 

Deacetylatzon of the terra-0-acetyl-0-nzethylhexopyranoses General procedure 

The methylated sugar (compound 8, 9,10, 11, and 12) (500 mg) was lssolved 
m dry methanol (IO ml), and the solution was treated with o g M sodmm methoxlde 
(o 5 ml) and kept at room temperature wrth occasional shakmg After 6 h, Dowex- 
50 W resm was added to neutrahze the sodmm methoxtde, the mixture was filtered, 
and the titrate was evaporated The resrdue was drssolved m water, the solution 

fiItered, and the filtrate lyopluhzed. Where possrble, the product was crystalhzed from 
sunable solvents The followmg compounds were obtamed m tms way 

(a) 6-O-Methyl-a-D-glucose (13) - Thus was obtamed from compound 8 The 
product was recrystalhzed from absolute ethanol, the pure substance (216 mg, 82%) 
had m p 142-x4&, [a];’ +g5 2+f61.0° (c 1.2, water) m agreement wrth the reported 
values13 The n m r spectrum showed that the compound was the a-n anomer, 
since IO mm after dissolutron the H-I, signal appeared as a doublet at T 4 67 (J1,2 
3 5 c p s ), after 4 h, the intensity of the prevrous srgnal had decreased and another 
doublet (P-D form) at t 5 32 (J1 ,2 7 5 c p s ) had appeared The O-methyl srgnal showed 
at2663 

(b) 2-0-Methyl_8-D-ghicose (14) - Thus was prepared from compounds 9 and 
10 The product was recrystalhzed from absolute ethanol, and the pure compound 
(210 mg, 80%) had m p r58-r5g”, [a];’ +21 o-+66 o0 (c I o, water) m agreement 
with the values reported m the literature l4 The n m r spectrum showed, rmmedlately 
after dlssolutton, the H-I, signal as a doublet at r 5 30 (J1 ,2 8 c p s ) (B-D-form), but 
after 7 h, thrs signal had diminished, and another doublet at t 4 51 (J1 ,2 3 5 c p s ) 
(a-D form) had appeared, the O-methyl signal showed at z 6 38 

Cc) q-o-Methyl-D-ghicose (15) - Thrs was prepared from compound 11 The 
syrupy product (260 mg, 99%) had [a];’ +58 4” (c I 2, water) wrthout mutarotatron, 
in accordance with the reported value l5 The n m r spectrum showed that there was 
an equrhbrium between the anomers, the H-I, signal of the a-n-form appeared 
as a doublet at r 4 77 (J1 2 3 c p s ), and for the /I-D form, It appeared as a doublet at 
r 5.35 (J1 ,2 8 c p s ), for both doublets, the mtenaty &d not change 7 h after drssolu- 
tron, the O-methyl srgual showed at T 6 43 The phenylosazone had15 m p 157-158” 

(6) 2-0-Methy&/?-D-galactose (16) - Thus was produced from compound 12 
After recrystalhzatron from absolute ethanol, the product (210 mg, 80%) had m p. 
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148-150”, [a]$’ +54 5++82 g” (c I 2, water), m agreement with the values reported 
m the hterature16 The n m r spectrum showed that the product was 111 the F-D form, 
smce the H-I signal appeared as a doublet at 7 5 35 (J1,2 8 c p s ); after 7 h, this 
signal had decreased, and the spectrum showed another doublet (ct-D form) at 
‘c 4 48 (J1 2 3 5 c p s ), the U-methyl slgnal appeared at 7 6 38 
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SUMMARY 

Various tetra-O-acetyl-D-hexopyranoses were known to undergo acetyl mlgra- 
tlon upon methylatlon with Purdle’s reagents, thus, r,2,3,4-tetra-U-acetyl-fl-D- 
glucopyranose, I ,2,3,6-tetra- O-acetyl-fi-D-glucopyranose, and 1,3,4,6-tetra- O-acetyl- 
j3-D-glucopyranose and its a anomer are converted mto methyl 2,3,4,6-tetra-O-acetyl- 
B-D-glucopyranoslde when methylated urlth methyl lo&de and silver oxide 

It IS now found that, when each of the above compounds 1s treated with dlazo- 
methane-boron tr&uonde etherate, the methylated product 1s produced m high weld, 
wth the methyl ether group m the expected position Under the same condltlons, 
r,3,4,6-tetra-0-acetyl-a-D-galactopyranose IS converted mto the a-methyl ether 
without the acetyl migration whch had been observed when the tetra-O-acetyl-D- 
galactopyranose was methylated with Purdle’s reagents 

The tetra-0-ace@-O-methyl-D-hexopyranoses were then transformed by 
deacetylation mto the following mono-O-methylhexoses- 2-U-methyl-&D-glucose, 
4_ O-methyl-D-gIucose, 6-O-methyl-a-D-glucose, and z- U-methyl-/3-D-galactose 
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ACYLATED SACCHARIDE HYDRAZONES AND OSAZONES 

Z M-EL-SHAFEIANDS H ELASHRY 

Fact&y of Sctence, Alexandrra Unauersrty, Alexandrza (U A R ) 

(Recewed July zph, 1966) 

When acetylated wnh acetrc anhydnde m pyndme, sacchande hydrazones 
yield U-acetylated derivatives’ On the other hand, treatment of D-galactose phenyl- 
hydrazone with bolhng acetm anhydnde affords a hexaacetate having acetyl groups 
attached to a mtrogen atom m adchtlon to the oxygen atoms*. We have studled the 
acetylatron of saccharlde hydrazones with bolhng acetlc anhydnde, and wrth acetyl 
chlonde m pyndme, and have found that D-galactose phenyl- and (p-chlorophenyl)- 
hydrazones yield the hexaacetates (la) and (lb), and that the corresponding p-mtro 
denvatrve affords the pentaacetate (lc) It seems that the mtro group deactivates the 
ammo hydrogen atom and prevents N-acetylatlon The hexaacetates obtamed showed 
N-acetyl bands at 1700 and 1690 cm-’ and U-acetyl bands at 1750 and 1740 cm-‘, 
respectively, whereas D-galactose (p-mtrophenyl)hydrazone pentaacetate showed only 
the O-acetyl group at 1745 cm-’ In all three cases, acetylatlon wrth acetyl chlonde 
m pyndme gave better yields than acetylation with bollmg acetic anhydnde 

AcOkH 
I 

AcOCH 
i 

HCOAC 
I 

CH_$AC 

la R=H R’ =L\c 
lb,R =CL R’=Ac 
lc.R=NQ.A=H 

Benzoylafion of sacchande hydrazones vvlth benzoyl chlonde m pyndme was 
found to sve N-benzoyl denvatlves and benzoates 3 We have extended tms reactlon 
to the p-tolyl-, (p-chlorophenyl)-, and (p-mtrophenyl)-hydrazones of D-galactose, 
as well as to D-mannose (p-chlorophenyl)hydrazone and D-arabmosep-tolylhydrazone, 
and have obtained the benzoates (2a-c), (3), and (4) whmh showed three carbonyl 
bands, the O-benzoyl band at 1720 cm-l and two N-benzoyl bands, one between 
1620 and 1630 cm-l and the other between 1660 and 1675 cm-’ 

Benzoyl chloride, bemg a stronger acylatmg agent than acetyl chlonde or bomng 
acetlc anhydnde, caused N-benzoylatlon of D-galactose (p-nitrophenyl)hydrazone. 
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When rt became apparent that benzoylatron always causes mtroductron of an 
IV-bemoyl group in the hydrazone rewdue, we decrded to mtroduce such an IV-benzoyl 

H+& r Hi=N-N~R H-N--$ / \ R 
- 

HCOBz 

1 - 
EzOCH d -o- - 

BtO H 

1 
BzOCH 

I 
HCOBz 

I 
CH,oElz 

2a R=CH3 

2b, R=CI 
2C, R’NO2 

I T 
6ZOa-i 

I 

HCOBr 

I 
HCOBz HCOBZ 

c 
I 

H OBZ 

I 

CH2OBt 

CH,OBz 

3, R=Cl 4 R=CHs 

group in the hydrazone resrdue of saccharrde hydrazone acetates, wrth the obJect of 
preparing N-benzoylated O-acetylated arylhydrazones We therefore treated penta- 
O-acetyl-aHe&&-D-galactose phenyl- and (p-bromophenyl)-hydrazone wrth benzoyl 
chIonde in pyndme, and obtained penta-O-acetjri-N-benzoyl-aldehydo-D-galactose 
phenyl- @a) and (p-bromophenyl)-hydrazone (a), respectrvely. These compounds 
showed the U-acetyl band at 1740 and 1735 cm-‘, and the N-benzoyl band at 1675 
and 1670 cm-’ 

*co& 
i AcO H 
I 

HCOAc 
1 

C&OAc 

5a RrH 
5b.R = Br 

We have also studred the benzoylatron (of saccharrde hydrazones and osazones) 
wrth msufficrent proportrons of benzoyl chloride, m order to obtam the O-benzoylated 
denvatrves only This was found possrble m the case of osazones, but not wrth hydra- 
zones Thus, we could obtam, from D-f’yxo-hexulose phenyIosazone, a crystalhne 
tetrabenzoate which showed only two O-benzoyl bands (at 1700 and 1725 cm-‘) 
denotmg the absence of the N-benzoyl group-which usually appears4 between 
1670 and 1680 cm-‘. Sumiarly, L-euytkqentulose phenylosazone afforded a tnben- 
zoate whrch showed one O-benzoyl band, at 1700 cm-’ On the other hand, all the 
hexose hydrazones treated wrth msufficrent proportrons of benzoyl chlonde gave the 
correspondmg N-benzoyl-pentabenzoates, but in smaller yrelds 

To compare the behavror of acyIhydrazones wrth that of arylhydrazones m 
regard to (a) formazan formatron, (b) for-matron of azoethylene derrvatrves, and 
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(c) beuzoylatton, we have prepared a number of new acylhydrazones, mcludmg the 
m-toluoylhydrazones of D-glucose, D-galactose, D-mannose, and D-arabmose, as well 
as the (m-mtrobenzoyl)hydrazones of D-galactose and D-xylose and the nicotmoyl- 
hydrazone of D-glucose 

Unhke arylhydrazones, whtch readily gave Intensely colored formazans, the 
acylhydrazones fad to grve such a reaction, this IS probably due to the enohzatron of 
acylhydrazones m the alkaline medium used m the coupling reactron The formazan 
reactron IS known5 to reqmre the presence of an nnmo hydrogen atom (which is 
absent m the enol form) 

OH 
I 

HC=N-NHCOR + HC=N-N=C-R 
I I 

Enohzation would also explam the failure of penta-U-acetyl-al&&&-D-galactose 
benzoyihydrazone and of penta-U-ace@-aldehydo-D-glucose rucotmoylhydrazone 
to give azoethylene derrvatrves on borhng wrth ethanohc pyndme D-GaIactose benzoyl- 
hydrazone yielded, on benzoylatron, a denvatrve formulated as N-benzoylpenta-O- 
benzoyl-aldeiz#o-D-galactose benzoylhydrazone 

EXPERlhlENTAL 

Infrared spectra were measured wrth a Urucam SP 200 spectrophotometer 
Mrcroanalytrcal determmatrons were made by A Bernhardt, Mulheim, W Germany. 

N-Acetylpenta-0-ncefyZ-aldehydo-D-galactose (p-chZorophenyZ)hydrazone (lb) 

(a) D-Galactose (p-chlorophenyl)hydrazone (3 g) was refluxed with acetic 
anhydrrde (20 ml) for 30 mm, and the solutron was poured onto crushed Ice The 
viscous residue that separated was washed repeatedly wrth water unttl It sohdified 
Compound lb crystalhzed from methanol m needles (o 5 g), m p 125’ ; ~5:: 1740 
(OAc), r6go (NAc), 1640 (C=N) cm-r 

Anal Calc for CZ4H-&lN,0,, C, 5176, H, 5 25, Cl, 6 37, N 5 03 Found 
C, 51 40, II, 5 16, Cl, 6 og, N, 4 88 

(b) A solution of D-galactose (p-chlorophenyl)hydrazone (I g) in dry pyridme 
(IO ml) was added, wrth stu-rmg, to cold acetyl chlonde (30 ml) durmg one h It was 
then poured onto crushed Ice, the aqueous solutton was decanted, and the residue was 
cry stalhzed from methanol, o 5 g, m p I 25”, alone or rmxed wrth the product from (a) 

N-Acetylpenta-0-acetyl-aldehydo-mgalactose phenylhydrazone’ (la) 
A solutron of D-galactose phenylhydrazone (2 g) m dry pyndme (20 ml) was 

treated wrth acetyl chlonde as above, and the product was crystallized from ethanol- 
water m needles, m p 135”, alone or mtxed wrth an aUt.henuC Specimen’. 

PeWa-O-acetyl-aldehydo-D-galactose (p-nztrophenyZ)hydrazorz$ (lc) 

D-&lactose (p-nitrophenyl)hydrazone (2 g) was refluxed mth acetrc anhydnde 
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(20 ml), or treated with acetyl chloride as for the (p-chlorophenyl) derIvatIve The 
acetate crystalhzed from ethanol m yellow plates, m p Ig4”, alone or mlxed with an 
authentrc specImenI Both products had the same Infrared spectrum 

Arylhydrazone benzoates (Table I) 

A suspension of the sacchande arylhydrazone (o 5 g) m dry pyndme (IO ml) 
was treated with benzoyl chlonde (3 ml) and kept overmght at room temperature 
The reacuon nurture was poured onto crushed Ice, and the VISCOUS residue that 
separated was washed repeatedly with water un?Il It sohdlfied The benzoates were 
recrystalhzed from benzene-methanol, unless otherwIse stated 

Penta-0-acetyl-N-benzoyl-aldehydo-D-galae phenylhydrazone (5a) 

A solution of penta-O-acetyl-aldelzydo-D-galactose phenylhydrazone (2 g) 1x1 

dry pyIldme (15 ml) was treated with benzoyl chlonde (4 ml), and the mixture was 
kept overmght at room temperature It was poured onto crushed Ice and the VISCOUS 
residue that separated washed repeatedly with water untd the product sohdrfied 
It was recrystalhzed from methanol, needles (2 g), m p 138-140”, ~~~~1740 (OAc), 
1675 (NBz), 1625 (C=N) cm-‘. 

AnaZ Calc for C2sH,2N,0,1 C, 59 59, H, 5 52, N, 4 79 Found C, 59 22, 
H,574;N,49’ 

Penta-0-acetyl-N-benzoykaldehydo-D-galae (p-bronzophenyf)hydrazone (5b) 

A soIutIon of penta- O-acetyl-aldehydo-D-galactose (p-bromophenyl)hydrazone 
(2 g) was benzoylated as for the phenylhydrazone, and the product was recrystalhzed 
from methanol, needles (2 g), m p r6g-I7I”, v”,fz 1735 (OAc), 1670 (NBz), 1630 
(C=N) cm-‘. 

Anal Calc for C&H3,BrN20,, C, 52 50, H, 4 71, N, 4 22 Found C, 52 53, 
X49’. N,4 Io 

Terra-0-benzoykD-lyxo-hexuiose phenyIosazone 

D-lyxo-Hexulose phenylosazone (2 g) In dry pyrldme (20 ml) was treated with 
benzoyl chloride (4 ml) After bemg kept overmght at room temperature, the reaction 
mixture was poured onto crushed Ice and stu-red, with frequent decantatlon of water 
After two days, the product solrdlfied, and was recrystalhzed from methanol, 
yellow needles, m p 170_172O, I':;; 1700, 1725 (OBz), 1600 (C=N) cm-‘. 

Anal Calc for C,,HSsN,OS C, 71 52, H, 4 92, N, 7 24 Found C, 71 85; 
H,51r.N,766 

Trz-0-benzoyl-D-erythro-pentulose phenyiosazone 

D-erythro-Pentulose phenylosazone (I g) m dry pyndme (IO ml) was benzoylated 

as above wnh benzoyl chlonde (2 ml) overnIght at room temperature The trlbenzoate 
crystalhzed from methanol In yellow needles, m p 148-r50a, v::: 1700 (OBz), 1600 

(C=N) cm-’ 



9 
T

A
B

L
E

 I
 

g’
 

A
R

Y
L

H
M

R
A

Z
O

N
E

 
D

E
N

Z
O

M
IS

 

8 
Su

ga
r 

Su
bs

tl
tu

en
t o

n 
no

 p 
, 

Y
ie

ld
, %

 
Fo

rm
ul

a 
C

al
c 

Fo
un

d 
@

Jr
 

6 
pl

le
rr

yl
 re

si
du

e 
de

gr
ee

s 
m

ox
, c

n+
 

C
 

H
N

C
 

H
N

 
O

B
z 

N
B

z 
C

lN
 

$$
 

; c 
m
A
r
a
b
m
o
s
e
 

p 
m

et
hy

l-
 

17
g-

18
0 

go
 

C
47

H
3s

N
aO

~ 
72

 86
 

4 
94

 
3 

62
 

72
64

 
5.

10
 

3 
81

 
17

20
 1

62
0,

16
6o

 
16

00
 

8 
D

 
&

lh
C

tO
S

C
 

p-
m

et
hy

l-
 

15
0-

15
2 

85
 

C
~
L
~
.
I
N
~
O
L
I
 

72
 6

7 
4 

88
 

30
8 

73
*2

7 
5 

14
 

3 
34

 
17

20
 

16
25

, 1
67

0 
16

00
 

D
-G

da
C

tO
S

e 
p-

cl
do

ro
- 

14
2-

14
3 

80
 

G
I
H
~
I
C
I
N
~
O
~
I
 
6
9
7
9
 

4 
45

 
3 

01
 

&
 

69
94

 
4 

89
 

3 
41

 
17

20
 

16
25

,1
67

5 
16

00
 

)i
 

D
&

la
ct

os
e 

p-
m

tr
o 

17
3-

17
6 

80
 

(M
-M

W
h 

6g
 0

0 
44

0 
44

7 
69

00
 

44
8 

4 
67

 
17

20
 

16
30

, I
67

0 
16

00
 

S 
D

-M
an

no
se

 
p-

cl
~l

or
o-

 
11

5-
11

7a
 7

0 
C
s
4
H
z
d
L
N
a
O
l
l
 
6
9
7
9
 

44
5 

30
1 

69
48

 
4 

65
 

3 
18

 
17

20
 1

62
0,

 16
70

 
16

00
 

aC
ry

st
al

lI
ze

d f
ro

m
 m

et
ha

no
l 

T
A

B
L

E
 I

I 

A
C

Y
L

H
Y

D
R

A
Z

O
N

E
S

 

H
yd

ra
zo

ne
 

m
P 

I 
Y

ie
ld

, %
 

Fo
rm

ul
a 

C
al

c 
Fo

un
d 

I$
;; 

cm
-l

 
de

gr
ee

s 
C

 
H

N
C

H
N

 
C

O
N

H
 

C
=

N
 

D
 A

ra
bm

os
e m

 to
h

oy
l-

 
18

7-
18

9 
go

 
Q
a
H
l
e
N
z
0
~
 

5
5
 31

 
6 

43
 

9 
93

 
55

55
 

6 
69

 
ro

e2
2 

16
40

 
16

00
 

D
 G

lu
co

se
 

n
f-

td
U

O
yl

-”
 

21
5-

21
8 

95
 

C
14

H
zo

N
zO

e 
53

 8
4 

6 
45

 
8 

97
 

53
 9

1 
66

1 
8 

99
 

16
45

 
15

90
 

D
.G

al
ac

to
se

 m
 to

lu
oy

l-
 

18
2-

18
5 

55
 

C
d
-
J
z
o
N
z
O
o
 

53
 8

4 
6 

45
 

8 
97

 
53

 4
5 

6 
9~

 
8 

80
 

16
60

 
15

90
 

D
-M

an
no

se
 N

ol
uo

yl
~ 

17
0 

ii 
C

uM
zo

N
zO

o 
53

 8
4 

6 
45

 
89

7 
53

 9
1 

68
4 

gl
r 

16
30

 
16

00
 

D
.X

yl
os

e m
-m

tr
ob

en
zo

yl
- 

r5
g-

16
1 

C
d
-
b
N
3
0
7
 

46
01

 
4q

83
 

13
 41

 
46

49
 

so
9 

13
48

 
16

60
 

16
15

 
D

-G
al

ac
to

se
 1)

7 m
tr

ob
en

zo
yl

- 
18

2-
18

5 
go

 
C
x
h
N
3
0
~
 

45
 4

8 
49

9 
12

 24
 

45
 3

3 
5 

00
 

12
41

 
16

55
 

16
20

 
D

 G
lu

co
se

 m
co

tm
oy

l-
” 

11
5-

11
7 

85
 

C
d
h
N
s
O
o
~
W
z
O
 

45
 4

2 
6,

04
 

45
 3

3 
63

1 
16

60
 

16
00

 

aC
ry

st
al

hz
ed

 fr
om

 w
at

er
-m

et
ha

no
l 



ACYUil-ED SACCHARIDE HYDRAZONES AND OSAZONES 189 

Anal Calc for C,sH,,N,O,. C, 71.24, H, 5 04, N, S-75 Found C, 71 01, 
H, 5 22, N, 8 81. 

Acylhydrazones (Table II) 
A solution of the sacchande (2 g) in water (4 ml) was refluxed urlth a solution 

of the acylhydrazme (1-2 g) 1x1 methanol (40 ml) for 30 mm The hydrazone that 
separated on coolmg was collected, and crystalhzed from methanol unless otherwrse 
stated 

Penta-0-acetyl-aldehydo-D-glucose nzcotznoylhydrazone 
D-Glucose mcotinoylhydrazone (2 g) in dry pyndine (20 ml) was treated with 

acetic anhydrIde (15 ml), and the rmxture was kept for two days at room temperature 
It was poured onto crushed ice, whereupon the product crystalhzed after four days. 
It was filtered off, washed with water, and recrystalhzed from methanol-water m 
needles, m p 11o-r13”, ~2:: 1755 (OAc), 1600 (C=N) Cm-‘. 

Ana! Calc for C22H27N3011 Hz0 C, 50 og, H, 5 54 Found C, 49 go, 
H, 5 94 

N-Benzoylpenta-0-benzoyl-aldehydo-D-gala benzoylhydrazone 
D-Galactose benzoylhydrazone (o 5 g) m dry pyrnlme (IO ml) was treated 

with benzoyl chlonde (4 ml), and the nnxture was kept overmght at room temperature 
It was poured onto crushed Ice, and the product that separated was washed repeatedly 
wrth water until It solrddied. It was recrystalhzed from methanol m needles (o 5 g); 
m p 205-207°; VE;; 1720 (OBz), 1645 (NBz), 1600 (C=N) cm-‘. 

Anal Calc for C55H,,Nz0,z C, 7158, H, 4 59, N, 3 04 Found: C, 7191; 
H,483;N,3oo 
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SUhmARY 

Acetylattlon of D-galactose phenyl- and (p-chlorophenyl)-hydrazone with borhng 
acetlc anhytide, or mth acetyl chlonde m pyrmme, afforded Wacetyl-U-acetyl 
denvatlves, whereas wnh the (p-mtrophenyl)hydrazone, only the O-acetyl denvatlve 
was obtamed Benzoyl chloride, bemg a stronger acylat ng agent, caused the N- 
benzoylatlon of D-galactose (p-mtrophenyl)hydrazone, an& urlth hydrazone penta- 
acetates, gave the N-benzoylated O-acetylated derrvatrves. Some new acylhydrazones 
were prepared, but, because of their enohzatron, they faded to undergo the formazan 
reaction, and then acetates could not be converted into azoethylene derivatives 
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A SYNTHESIS OF 4-ACETAMIDO-4-DEOXY-L-XYLOPYRANOSE* 

A E EL-ASHMAWY AND D HORTON 

Department of Chemrstry, The Ohro Scare Unroersrty, Columbus, Ohro 43210 (US A 1 

(Received June zIsL 1966) 

A program of synthesis m tLs laboratory 1s concerned with 4-ammo-4-deoxy 
sugars1-3 The 4-ammo-,+deoxyhexoses ht vmg the D-m~nno and D-tale configurations 
have been prepared3B4 In an earher report5. +he syntheas of gacetarmdo-4,5-drdeoxy- 
L-xylose was described,, and It was shown that the sugar ex1st.s m aqueous solution 
mamly as the anomenc furanose forms, with mtrogen as the nng hetero-atom 
Concordant observations have been reported6 for the D enantiomorph In the 
case of 4,5-dlacetamrdo-4,5-&deoxy-r_.-xylose, which has been reported as a syrup6 
and also m crystalline form’, the more favorable, pyranose ring-form IS possible, 
and tls appears to be the ring form adopted m aqueous solutlon, mtrogen IS agam 
the hetero-atom in the rmg An acetamldo sugar has been prepared by Dick and Joaess 
by treatment of methyl 2,3,4-tn-O-(methylsulfonyl)-a-o-xylopyranoslde wltb sodmm 
azxde, followed by a senes of transformations on the product, and It was deduced on 
mechamsW grounds and from data of penodate ox&&on that the product was 
4-acetanudo-4-deoxy+xylose Infrared spectral data mdlcated that the favored nng 
form of the acetamldo sugar IS pyranold, mth oxygen as the hetero atom m the nng 
A degradatlve route to denvatlves of GUS ammo sugar, by way of uromc acldmter- 
mediates, has been notedg. 

The present report describes the synthesis of 4-acetamldo-4-deoxy-L-xylose 
by a stereochemlcally defimtlve route mvolvmg C-5 to C-6 cleavage of a 2-ammo- 
2-deoxy-D-glucltol denvative It IS shown that the sugar exists m aqueous solution as a 
mncture of the anomenc pyranose forms 

The startmg pomt In the synthesis was a-deoxy-2-(2,4-dmitroamhno)-D- 
glucltol (l), prepared lo from 2-ammo-2-deoxy-D-glucltol hydrochlonde The latter 
couid be obtamed by reductlon” of 2-ammo-2-deoxy-D-glucose hydrochlonde wth 
hydrogen over Raney mckel Yields were only moderate when this reduction was 
performedon a 100-g scale N-Acetylafion’2 of the ammo sugar, followed by reduction’ l 
with hydrogen over Raney mckel, gave 2-acetamrdo-2-deoxy-D-gIua?o!, wbch was 
hydrolyzed to @ve 2-ammo-2-deoxy-D-glucltol hydrochlonde , all products were 
obtamed m crystalhne form and m a Iugh yleId 

Acetonation of 1 gave the crystalhne 3,4 5,6dusopropyhdene acetal (2), 
which was further characterized as Its r-0-(p-tolylsulfonyl) denvatlve. The pos~~ons 

*For a prehnunary communIcatlon, see ref I 

Carbobydkate Res , 3 (1966) Igr-204 



192 A E EL-ASHMAWY, D HORTON 

of the U-lsopropyhdene groups m 2 were asslgned by analogy with the known 2-acet- 
anudo analog” of 2, and also w&h 2-acetanudo-2-deoxy-3,4 5,6-&-O-lsopropyhdene- 

D-glucose &ethyl Qthoacetal ’ l4 ls Subsequent converslons from 2 verified this 

assgnment 
Pamal hydrolysis by acid of the dnsopropyhdene acetal(2) under nuld conditions 

removed one O-isopropyhdene group, and the product was shown to be z-deoxy-a- 
(z,+dnutroaruhno)-3,4-U-lsopropyhdene-D-glucltol (3) by the fact that on penodate 
oxidation It consumed one mole of oxidant urlth the formation of a pentose derivative. 
Substance 3 was encountered as the orange, anhydrous form, m p 128-12g”, and also 
as a stable, yellow, solvated form, m p 95-96” The latter was converted mto the former 
by vigorous drymg or by heatmg to IIOO, but it could be recrystallized unchanged 

CH2OH 

I 

C&OH CH@H CHO 

I I I ’ 
HCNHDNP HCNHDNP HCNHDNP 

I I I 
(OCH 

HOCH 
HJoF* 

I - 
(OCH 

HCOH 
I /CM=* - 

EL 

HCO 
H;o/me* - DNPH NiH - 

I I I I 
HCOH HCO, HCOH 

1 ,CMe2 I 

CH2OH 

I 
CH,OH H2cO CH2OH 

(1) (2) (3) (4) 
CMe2 7-2 7-2 

DNPHNpH ZNG _ SNG -“HNQ _ 

OH OH OH OAC 

(5) (6) (7) (81 

CMe2 

OH OH 

(91 (10) 
ONP = 2,4- dmtrophenyl 

(11) 

from chloroform Acetylatlon of either form gave the I,g,6-tnacetate of 3 Removal 

of the IV-substltuent from 3 by treatment with Dowex-I (OH-) Ion-exchange lesm, 
mth subsequent acetyiatlon, gave crystalhne 2-acetanudo-r,5,6-trM)-acetyl-2-deoxy- 
3,4-O-lsopropyhdene-D-ghWo1. 

Preparative penodate oxldatlon of 3 (either form) gave 4-deoxy-&z,g&mtro- 
amhno)-a,3-O-isopropyhdene-&?e&&L-xylose (4) as a glass, whch m the infrared 
spectrum showed absorption for the aldehyde group Cyclization of this denvative is 
presumably prevented by the fact that a trans-fused 2,3-O-lsopropyhdene group 
would result Hydrolysis of the O-lsopropyhdene group wth aqueous acetic acid gave 
crystaIhne4-deoxy-&,&mtroamhno)-L-xylopyranose (5) The rmg size of this prod- 
uct was m&cated by the absence of carbonyl absorption m the Infrared spectrum, and 
by the fact that acetylation w&h acehc anhydride-pyndme gave a syrupy tiacetate 

Carbohydrate Res ,3 (1966) rgr-zoq 
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which showed absorptrons for the NH group in the infrared and n m r. spectra A 
furanose form would have gtven a tetraacetate havmg no NH group, and an acychc 
form of the free sugar wouid have exhtbited carbony absorption. 

Acetonatron of 5 gave a crystalhne mono-U-rsopropyhdene denvatrve m hrgh 
yxeld, whrch was shown to be 4-deoxy-4-(a,@mitroamlmo)-1,2-U-rsopropyhdene-cr- 
L-xyIopyranose (6), acetylation gave the crystalline 3-acetate of 6 The structure assrg- 
ned to 6 was based on the followmg facts; the substance was nomeducmg; rt was 
drfferent from 4; and removal of the N-substrtuent from 6 gave a nonreducmg +ammo- 
4-deoxypentose derivative (7) which consumed one mole of penodate Further con- 
cordant data were provrded by the n m r spectra of some of the transformation 
products No further acetonation of 6 was observed when treatment wrth acetone 
was prolonged, even though a 1,2 3.5~dx-0-rsopropyhdene denvatrve of the furanose 
form might be consrdered possrble 

Removal of the N-(2,4dnutrophenyl) group from 6 gave crystalline +ammo- 
gdeoxy-r,a-0-rsopropyhdene-a-L-xylopyranose (7) III good yreld, the product 
consumed one mole of periodate rapidly (5 mm) The oxrdant consumptron remamed 
constant for several h, and slow overoxrdatron was subsequently observed 

Acetylatron of 7 gave crystalhne +acetanudo-3- 0-acetyl-4-deoxy-r ,a- U- 
Isopropyhdene-a-L-xylopyranose (S), and O-deacetylatron of 8 gave the correspondmg 
syrupy 3-hydroxy denvattve (9) Removal of the O-lsopropyhdene group from 9 by 
mud, acrd hydrolyses gave4-acetamrdo-+deoxy-L-xylose(lO) as a chromatographtcally 
homogeneous, crystalhne product, m p 155-157”, [aID -_53+-49” (water) The 
acetamrdo sugar 10 could also be prepared duectly, m one step, from 4-ammo+ 
deoxy-r,z-0-rsopropyhdene-a+xyIopyranose (7), by treatment of 7 m aqueous 
solutton wrth acettc anhydnde, selectrve N-acetylatron took place and the acetrc 
acrd formed by hydrolysis of the excess acetrc anhydrrde caused cleavage of the 
0-rsopropylidene group 

The yields for all steps m the syntheas were at least 50%, and most were consi- 
derably higher The overall yreld m the conversron of t-ammo-2-deoxy-D-glucose 
hydrochloride mto 4-acetamrdo+deoxy-L-xylose (10) wa x about IO % when punfica- 
tron at some of the mtermedrate stages was onutted The meltmg point observed for 
the final product (10) IS m good agreement wrth the value (157-158”) reported by 
Dick and Jones8, but the specific rotation (-22-+---16~ m water) reported* for 10 
by these authors differs from that found m the present work* 

The Infrared spectrum of the crystalhne acetamrdo sugar 10 showed absorptrons 
typrcal of the amtde carbonyl and amrde NH groups A solutton of the sugar m deute- 
num oxrde, at room temperature and at mutarotattona1 eqmhbnum, showed a narrow 
doublet m the n m r spectrum, at z 4 78, J r ,2 3 c p s , assrgned to the equatonal H-I 

*In a personal commumcat~on (June 20, I 965) Professor J K N Jones has stated that the i r spectra 
of our substance 10, and the product of Dxk and Joness. are Identical. In a repeat preparatron, Dxk 
and Jones have observed an eqmhbrmm specfic rotation of -43 5” (c o 93, water) for their product 
A sample provided by Professor Jones had an X-ray powder dlffractlon pattern ldentlcal to that of 
substance 10 

Carbohydrate Res , 3 (1966) IgI--204 
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of the a-L-pyranose anomer of 10. The signal of the axral H-I of the /I-L anomer was 
not observable at room temperature because of interference by the HOD signal The 
latter srgnal was shrfted upfield16S17 m the spectrum measured at 80” (Ag I), and the 
(axial) H-I signal of the P-L pyranose anomer was clearly observable at r 5 44 as a 
wade doublet, J1,2 7 6 c p s , the total mtegral of both H-I signals corresponded 
to one proton The magmtudes of the observed J, 2 couplmgs leave no doubt that the 
anomenc pyranoses are mvoived, and the fact that the chemical shrfts of the H-I 
signals of the anomers correspond closely to those reported16 for the anomenc 
n-xylopyranoses provides further con&-matron Integration of the spectrum indicated 
that the a-~ and B-L anomers of 10 are present m a 2 3 ratio at eqmhbnum 

Fig I The 6o-MC p s n m r spectrum of &acetarmdo-4-deoxy-L-xylose (10) at eqmhbrmm m deu- 
tenum oxide, at 80” 

The small amount of mutarotatlon observed wrth 10, m relation to the anomeric 
composlhon at eqmhbnum m aqueous solution, suggests that the crystalhne product 
1s a co-crystalhzed mixture of anomers (compare ref. 17). A solution of 10 in methyl 
sulfoxide-d6 showed srgnals for H-I of both pyranose auomers. 

The n m r. spectrum of 4-acetamido-3- O-acetyl-4-deoxy-r,2- O-lsopropyhdene- 
a-L-xylopyranose (S), when measured m chloroform-d, showed (Frg 2) a broad, 
one-proton signal at low field (r 3 60), w&h was assigned to the NH proton, since it 
disappeared on deuteratron ‘flus observation provided independent evidence that 
compounds 6,7, 8, and 9 do not have the mtrogen atom m the ring A two-proton 
multrplet at T 4 91 in the spectrum of 8 (m chloroform-d) was assigned to H-I and H-3, 
the two protons most strongIy deshlelded of those attached to carbon The overIap 
of these two signals made analysrs drfhcult, but the signals were well separated when 
the spectrum was measured m benzene (Frg 2). A sharp doublet at r 4 g6 was assrgned 
to H-I (J,,z 2 5 c p s ), and the narrow signal at r 4 72 (total wrdth IO c p s ) was 
assrgned to H-3 The fact that the H-3 signal was not observed as a wade (18-20 c p s), 
symmetrmal triplet mdrcated that H-2, H-3, and H-4 are not trans-duuual [S in the 
IC (L) conformatron], and that the observed data accord with the formulation of 8 
in a skew conformatron (11) It has been proposed18*‘g that 1,2-O-alkyhdene acetals 
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of arabmopyranose, glucopyranose, and related derivatrves adopt a skew form as the 
favored conformation. 

The 2 +rmtroanihno denvatives stuled m this work all showed signals at 
low field for the three aryl protons and the NH proton None of the signals drsappeared 
when the samples were deuterated in the usual way, even durmg severai days, a fact 
which mndrcates that the NH proton could not be exchanged by deuterium oxide alone 
However, the srgnal of the NH proton could be assigned defulltively by adding a small 
amount of trrbutylamine to the prepared sample m chloroform-dcontaimng deutenum 

H 

Fig z The 60-MC p s II m r spectrum of 4-a~tarmdo-3-O-acetyl-4-deoxy-r,z-U-nopropyhden~- 
r-xylopyranose (8) 

cH,oAc” ” 
I 

HC-NH 

I 
QY 

’ \ No, 

Fig 3 The 60-MC p s. n m r spectrum of r,~,6-tr~-UO-acetyl-z-deoxy-z-(2,~-d~mtroandmo)-~- 
glucltol m chloroform-d, and m chloroform-d coutammg tnbutylamme m dzutermm oxide. 
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owde; thrs caused immediate exchange ofthe NH proton A typrcal example is provided 
by the spectrum of r,5,6-tn-O-acetyl-2-deoxy-2-(2,4-~m~oam~o)-3,4-O-lsopropyl- 
idene-D-glucitol, which IS shown (Fig. 3) before and after add&on of trrbutylamme 
m deutenum oxrde The broadened doublet at T I or, whrch disappears on treatment 
with base, may clearly be assrgned to the NH proton The narrow doublet at lowest 
field (r o 85), the doublet of doublets (r x.60), and the wade doublet (r 2 68) can thus be 
assrgned unambrguously to H-3, H-5, and H-6, respectrvely, of the 2,4-dmttrophenyl 
group. In a number of 2,4-chmtroamhno denvanves of sugars20*21, the signal of the 
NH group appears as a mde doublet, and unambrguous drfferentratton of thts srgnal 
from the signal of H-6 of the aryl residue cannot be made wrthout exchange of the 
NH proton Exchange expenments have now shown that the tentative assrgnments 
made for the aryl H-6 and the NH proton, of the anomenc 2-deoxy-2-(2,4-dmrtro- 
an&no)-rr-glucopyranose tetraacetates” and the derived r-bromtde’r , must be reversed. 
N m r data on N-methyl-2,4-dm~troamhne22 and N-(2,4drmtrophenyl)serme denva- 
tlves” are in agreement with the present work 

Further detarls of rtm r measurements and assrgnments, for a number of com- 
pounds in thts work, are given m the experimental section 

EXPERIMENTAL 

General 

Meltmg points were determmed with a Thomas-Hoover “Urnmelt” apparatus 
(Arthur H Thomas Co , Phrladelphra, Pennsylvama) Specrfic rotations were deter- 
mmed in a 2-dm polanmeter tube Infrared spectra were measured with a Perkm-Elmer 
“Infracord” infrared spectrometer N m r spectra were measured with a Vanan A-60 
spectrometer eqmpped with a Vanan V-6040 vanable-temperature probe Tetra- 
methylsilane (r IO 00) was used as the Internal standard, except for spectra measured 
m deutenum oxrde, for whrch the Internal standard was sodmm 4,4-drmethyl-4- 
srlapentane-r-sulfonate (z IO 00) The first-order couphng constanrs recorded are the 
measured peak spacmgs and are considered accurate to f o 5 c p s Unless otherwise 
stated, the spectra were measured at about 40’ Deuteratron was performed by addmg 
one drop of deuterrum oxide to the prepared sample Mrcroanalytrcal determmations 
were made by W. N. Rond X-ray powder drff’ractron data gave mterplanar spacmgs, 
A, for CuKa radiation The camera diameter was I 14 59 mm Relative mtensitles were 
estrmated visually s, strong, m, moderate; w, weak, v, very. The strongest hnes are 
numbered (I, strongest), double numbers mdrcate approxrmately equal mtensrtres 
Thm-layer chromatography was performed on Srhca Gel G (E Merck, Darmstadt, 
Germany) activated at IIOO, with sulfuric acid as the indicator Unless otherwise 
stated, ethyl acetate was used as the developer 

Preparation of 2-acetamrdo+?.-deoxy-D-glucitol” 

2-Amino-2-deoxy-o-glucose hydrochloride (IOO g) was N-acetyIated’2 and the 
resultant, crystalline 2-acetamido-2-deoxy-a-D-glucose (95-100 g), dissolved in 20% 
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aqueous ethanol (I I), was shaken in a 2-l autoclave with Raney nickel* (40 g) for 
36 h at 100~ under an atmosphere of hydrogen at 1000 lb mS2 pressure The catalyst 
was filtered from the cooled suspension, the filtrate was concentrated, and the product, 
which crystalhzed on standmg, was filtered off and washed with a httle ethanol, yield 
92 g (gr%), m p 15o-151”, [bc]El -g-&I” (c 1.3, water) [Ilt l1 m p 153O, [a]:‘--II” 
(water), A=; 3 oo (OH, NH), 6 05,6 30 ,u (NHAc), no absorption m the range I I 7-12 I 
p, X-ray powder dlffractxon data 16 06 m, IO 16 m, 8 g3 vw, 6 70 vs (I,I), 4 g2 vs 
(LI), 4 69 m, 4 41 m, 4 27 m, 4 06 s (2,2), 3 91 s (2,2), 3 46 s (3)- 

Preparatzon of 2-deoxy-t-(2,~-dznztroanz~zno)-D-ghcito~10 (1) 
2-Acetamldo-%deoxy-D-glucitol (30 g) was heated urlth 6~ hydrochlonc acid 

(400 ml) for I h at roo”, the solution was evaporated (codlstlllatlon urlth propyl 
alcohol), and the crystallme residue was recrystalhzed from methanol-ether to gve 
2-amino-2-deoxy-D-glucltol hydrochlorrde, yield 25 g (85x), m p 160-162~ (ht l1 
160-161O), [LY]F -2 7fo 6” (c I 8, water), nmhydnn-posltlve, 15:: 3 o (OH), 3 30, 
4 go, 6 18 p (NH:); X-ray powder dIffractIon data 7 47 m, 5 64 m, 5 29 m, 4 53 w, 

4-33 vs (IJ), 4 15 vs (1,~)~ 3 74 vs (~),3 63 vs (w), 3 44 Y 3 35 my 3 26 s (2), 3 13 my 
300 m 

To a solution of the foregomg product (20 g) in 50% aqueous ethanol (240 ml) 
was added so&urn hydrogen carbonate (15 4 g) and r-fluoro-2,4-dmltrobenzene (17 o g) 
and the mixture was stirred for 18 h at room temperature. The yellow sohd which 
separated was filtered off, washed with small amounts of water and ethanol, and 
then washed thoroughly with ether, yreld 22 g (69 %) Recrystalhzatlon from methanol 
gave 1 as fine yellow needles, m p 162-163~ (ht lo 163-164O), [cx]g4 +g5”(c I, methanol), 
RF o 12, E_E!j; 3 o (NH, OH), 6 14,6 30,6 70 (aryl C=C), 7 44 (NO,), 13 45 p (substl- 
tuted benzene), X-ray powder dlffractlon data g II w, 8 Ig m, 7 rg m, 6 23 w, 5 40 VW, 

4 74 s (2,2), 4 62 m, 4 21 s (2~)~ 3 98 m, 3 83 s (2,2), 3 61 -, 3 38 vs (I) 

t-Deoxy-a-(2&dznztroanzlzno)-3,q 5,6-dz-0-zsopropylzdene-D-ghcztol(2) 
A solution of 1 (II g) in dry acetone (200 ml) was shaken with concentrated 

sulfuric acid (2 ml) and anhydrous cupric sulfate (15 g) for 21 h at room temperature 
The nuxture was filtered, the filtrate was poured into an excess of aqueous so&urn 
hydrogen carbonate, the acetone was evaporated, and the resultant solution was 
extracted urlth 3 IOO-ml portions of chloroform The combmed extracts were washed 
with water, dried (sodium sulfate), and evaporated, and the crystalhne residue was 
recrystalhzed from ether; yield 8 5 g (63x), m p 164-165O, [a]2 -+103fr” (c o 7, 
chloroform) ; RF 0.9, ;I=: 2 91 (OH), 3 08 (NH), 6 20, 6 32, 6 70 (aryl C=C), 7 30 
(CMe,), 7 55 (NO,), 13 48, 13.80 .u (substituted benzene), n m r data (chloroform-& 
r o 85 (r-proton doublet, J,:,’ 2 8 c p s , H-j’), 7 o go (I-proton broadened doublet, 
unchanged on deuteration, disappears after add&on of o or ml of trlbutylamme, NH), 

* Raney mckel catalyst, no 28, Rangy CataIyst DIVISION of the W R Grace Co ~ Chattanooga, 
Tennessee 
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z I 72 (r-proton quartet, J516’ g 5 c p s , H-5’), z 2 79 (r-proton doublet, H-6’), 
t 5 48-6.52 (8-protonmultiplet, H-1,2,3,4,5,6), z 7 3g (r-protontnplet, J 6 c p s , Is- 

appears on deuteration, OH), z 8 48, 8.57. 8.65, 8 68 (3-proton singlets, CMe,), 
X-ray powder drfEactron data- 8.84 m, 7 86 w, 6 88 vs (I), 6 60 vw, 6 02 m, 5 60 s (2), 

514w,472m,415m,397m,386m,376m,359w. 
Anal Calc for C18Ht5N309. C, 50 58, H, 5 85, N, g 83 Found: C, 50 88, 

H,573;N,g89 

2-Deoxy-2-(2,4-dz~rroanzlmo)-3.4 5,6-dz-O-zsopropylzdene-I-O-(p-tolyIsufinyl)-D- 
gIucztoI 

A solutron of 2 (o 6 g) m pyndme (5 ml) was treated at o” wrthp-toluenesulfonyl 
chlonde (o 38 g), and, after 24 h at 25O, the rmxture was poured into water to yield a 
sohd Recrystalhzation from ethanol gave very fine, yellow crystals, yreld o 6 g (75 “/,), 
m p. 161-162O, [&]g’ + 60-1-1” (c I 2, chloroform), RF o 88 (g I benzene-methanol); 
AK& 3 03 (NH), 6 18,6 28,6 67 (aryl C=C), 8 50 (sulfonate), 13 43,13 70 p (substrtuted 
benzene). 

Anal Calc for C25H31N3011S C, 51 63; H, 5 33; N, 7 23, S, 5 50 Found: 

C, 5156, H, 5 45, N, 7-55, S, 5 45 

z-Deoxy-z-(z,q-dinztroanrhno)-3,q-O-:sopropy~zdene-D-glucztoI (3) 
To a solutron of 2 (2 o g) m methanol (95 ml) was added N aqueous hydrochlonc 

acid (25 ml), and the mrxture was kept for 5 h at 25O An excess of lead carbonate 
was added and the mrxture was atered The Gltrate was concentrated untrl most 
of the methanol had been removed, water was added to a total volume of 75 ml, and the 
small amount of sohd startmg-matenal whrch separated was removed by Gltratron 
The titrate was extracted wrth 3 75-ml portrons of chloroform, and the aqueous 
phase, which contamed a small amount of 1, was &carded The dned (magnesium 
sulfate) chloroform extract was concentrated to 30 ml, and the yellow sohd (solvate 
of 3) which separated on standmg was filtered off, yreld 0.1 g. The remarmng chloro- 
form solu~on was evaporated and the resrdual syrup was crystalhzed from ether to 
grve solvent-free 3 as orange granules, yreld o 85 g (47x, total yreld of both forms 53 %), 
m p. r28-r2g0, [oil? +78f2” (c I, acetone), I&o 22, AE!ji 3 oo (OH, NH), 6 18,6.30, 
6 60 (aryl C=C), 7 20 (CMe,), 7 50 (NO,), 13 48 p (substrtuted benzene); n m r 
data (acetone-d,) r o 98 (r-proton doublet, J3t5’ 2 7 c p s , H-3’), r I oo (I-proton 
broad doublet, NH), 7 I 82 (r-proton quartet, H-53, 7 2.71 (r-proton doublet, J,:,’ 
g 5 c p s , H-6’), 7 8 51,8 60 (3-proton smglets, CMe2), X-ray powder drfE?actron data. 

1126m,gggw,842vw,686vs(2),615vw,586vw,554vs(I),47gm,448m, 
4 07 m, 3 78 m, 3 53 vw, 3 37 s (3), 3 27 s 

Anal. Calc for CISHZLN309 C, 46 51, H, 5 42, N, IO 85 Found C, 46.30, 

H,54g,N, 1106 
Periodate oxrdation of 3, at 25O wrth a s-molar excess of oxrdant, showed a 

consumption of oxrdant (Fleury-Lange methodz4) of I oo mole/mole after 5 mm, 
1.05 moles/mole after 24 h 

Cu&&&are Res, 3 (1966) rgr-zoq 



4-A~AMIDO-L$-DEOXY-L-XYLOPYRANME I99 

The preparatron was repeated 20 bmes, and although the total yield of both 
forms was approxunately the same each time, the proportron of the solvated form 
was frequently much higher than that described,, and the ratro of the two forms 
appeared to depend on minor va.rlatIons in expenmental procedure Recrystallization 
of the solvate from chloroform gave fine, yellow needles, m p 95-96” (wrth efferves- 
cence, solnhfymg at higher temperature and remeltmg at 126-127~); RF o 22; X-ray 
powderdufractrondata I227m,g4ow,811w,681m,632w,5gow,557s(2), 
5.12 vs (I). 

Anal Calc for (&Hz rNaO& - CHCl,- C, 43.12, H, 5 03, N, g 84 Found 

C,4272;H,492;N, IO34 
A sample of the solvate, kept for 2 h at I 10~ over phosphonc oxrde, lost IO % 

of its weight (talc 9 4%) and gave the solvent-free form, m p and mixed m p I26-127~ 
Anal Calc for C!rSHt,N,09* C, 46 51, H, 5 42; N, IO 85 Found C, 46.33, 

H, 5 27, N, ILII 

The solvate showed the same molar uptake of penodate as the non-solvated 
form, and the n m r spectra of the two forms were identical except for the fact that 
the solvate showed an additIonal sIgna at r 2 80 (singlet, 1/3 proton, CHCI,) The 
i r. spectra (KBr disc) of the two forms were very sImllar, but were not completely 
superposable. 

A solutton of 3 (8 g) m acetone (280 ml) and water (120 ml) was passed slowly 
through a column (35 x 3 5 cm) of Dowex-I (OH-) Ion-exchange resin which had been 
pre-washed w&h 7 3 (v/v) acetone-water_ The column was washed wtth 7.3 (v/v) 
acetone-water untn the effluent gave a negative ninhydnn reactron, and the combined 
effluent was evaporated The dried residual syrup (4 2 g) was dissolved m pyrnlme 
(25 ml), acetIc anhydnde (45 ml) was added, and the solutron was kept for 18 h at 
room temperature The solution was poured mto Ice and water (200 ml), and the 
nnxture was extracted with 3 75-ml portions of chloroform The extract was washed 
successtvely at o0 with drlute sulfunc acid, aqueous sodmm hydrogen carbonate, 
and water, the dried (sodmm sulfate) solutron was evaporated, and the residue was 
crystalhzed from ether, yield 2 21 g, m p 93-94”. [a]:’ +31&P (c I 7, chloroform), 

&o 42, GE: 3 08 (NH), 5 73 (OAc), 6 08,6 53 (NHAc), 7 28 ,U (CMe2); n m r. data 
(chloroform-6) r 3 8g (I-proton doublet, J 8 5 c p s , NH), r 4 80 (x-proton octet, 
width 16 c p s , H-5), o 5 30-6 30 (-/-proton multlplet, H-1,2,3,4,6), r 7 8g,7.g5 (singlets, 
3 and g protons, acetyls), 7 8 59,s 61(3-proton singlets, CMe,) , X-ray powder drffrac- 

tmndata 76gs(I),697w,57Im,543m,464m,425s(2),38Im 
Anal Calc for C1,H2,N09- C, 52 44, H, 6 94, N, 3 60 Found C, 52 52; 

H, 6 89; N, 3 84 

r,5,6-Trz-O-acetyl-t-deoxy-~-(~,~-dmztroanrlzno)-~,~-O-lsopropylzdene-~gluczto~ 
A solution of 3 (430 mg) m pyridine (4 ml) was treated with acetic anhydride 

(2 5 ml) at room temperature, and after 24 h, the solution was poured mto water. 
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The product was extracted with &chloromethane and processed m the usual way, to 
Bve the tnacetate of 3 as a yellow glass, yield 435 mg (76%); RF o 54 (I 3 ethyl acetate- 
benzene), A:&’ 3 02 (NH), 5 77 (OAc), 6 20, 6 30, 6 60 (aryl C=C), 7.34 @Me,), 
13.25 p (substituted benzene); n m r data in chloroform-d(See Fig 3): z 0 85 (I-proton 
doublet, J,:,’ 2 7 c p s , H-3’), t I OI (I proton, broad, NH), r I 60 (r-proton quartet, 
H-5’), z 2 68 (r-proton doublet, .T,:,’ g 5 c p s , H-6’), T 4 78 (I-proton octet, width 
16.5 c p s., H-5), r 5 26-6 30 (7-proton multlplet, H-1,2,3,4,6), 5 7.85, 7 87, 7 g8 
(3-proton smglets, acetyls), T 8 40, 8 50 (3-proton smglets, CMe,) 

Anal Calc for C2rH2,N30r2 C, 49 12, H, 5 62, N, 8 Ig Found C, 48 66; 
H, 5 89, N, 8.16. 

The signal at T I OI was not affected by deuteration, even after 57 h at room 
temperature, but the slgnal dlsappeared (Fig 3) rapnlly when o OI ml of tnbutylamme 
was added to the prepared sample, and a I-proton singlet appeared at z 5 31 (HOD) 

Acetylatlon of the yellow solvate of 3 gave a product whose n m r spectrum 
was Identical to that recorded above 

~-Deoxy-~-(2,~-dmztroanzlmo)-2,~-O-rso~ropyZzdene-aldehydo-~-xyZose (4) 
A solution of sodmm metaperrodate (1.81 g, I I molar eqmv ) in water (30 ml) 

was added to a solution of 3 (3 o g) m I 4 ethanol-water (75 ml) The mixture was 
kept for 25 mm m the dark at room temperature, and was then evaporated at 30” 
Anhydrous sodmm sulfate (~3 g) was added to the residue, and the sohd mixture was 
extracted repeatedly w&h ether Evaporation of the extract gave 4 as a yellow glass, 

yield 2 4 g (87%), RF o 40~12:: 2 95 (OH), 3 05 (NH), 3 5o,5 80 (CHO), 6 2o,6 30, 
6 65 (aryl C=C), 7 33 (CMe,), 7 55 (NO,), 12 25, 13 20 p (substituted benzene) 

Anal Calc for C,qH17N308 C, 47 32, H, 4 79, N, II 83 Found C, 47 18; 

H,546,N, 1177. 

q-Deoxy-q-(2,q-dznztroandmo)-L-xylopyranose (5) 
A solution of 4 (3 2g g) m 50% aqueous acetlc acid (16 ml) was heated for 

2 5 h at g5”, and then evaporated Addmon of ethanol to the residual syrup gave 
the crystalhne product, yield 2 54 g (84%), m p Ig4-195” (dec ), [&Ii3 +37&I” 
(c I, acetone), RF o 15, RF o 6g (papergram, 40 I I rg butyl alcohol-ethanol-water); 

2::: 2 9 (OH), 3 05 0, 6 20, 6 30, 6 60 (a@ C=C), 7 52 (NO,), 13 50, 14 o P 
(substnuted benzene); X-ray powder dlffractlon data IO 46 m, 6 02 m, 5 08 vs (I), 
444m,406m,344s(3),32os(2),3o6~,2gIvw 

Anal Calc for C,1H,3N30, C, 41 go, H, 4 21, N, 13 33 Found C, 4142, 

H, 4 38, N, 13 59 

To a solution of 5 (o 5 g) m pyndme (6 ml) was added acetlc anhydride (3 ml) 
The mixture was kept for 24 h at room temperature, and then processed m the usual 
way to sve the product as a yellow, dlstdlable glass, yield o 35 g (50%), RF o 60 and 
o 70 (I I ethyl acetate-benzene), If,$J 3 05 (NH), 5 70 (OAc), 6 15. 6 30, 6 60 (aryl 

Carbohydrate Res , 3 (Ig66)!Igx-~c@ 



+ACJZAMID~L$-DEOXY-L-XYLOPYRANOSE 201 

C=C), 13 40 p (substituted benzene), n m r data (chloroform-d) T-O 88, I o-r 2, 
I 68, 2 78 (multiplets, 4 protons, H-3’,5’,6’, and NH, of anomers), z 7 77, 7 81, 7 gr, 
7 95 (singlets, g protons, acetyls) 

Anal Calc for C,,H,,N,O,, N, g 52 Found N, g 74 

4-Deoxy-4-(2,4-d~nltroantI~~~o)-~,2-O-~sopropylidene-cr-L-xylopyranose (6) 

A solution of 5 (I 84 g) III acetone (400 ml) was shaken urlth anhydrous cupnc 
sulfate (5 g) and cone sulfunc aced (o 5 ml) for I day at room temperature The mixture 

was filtered, the filtrate was neutrahzed with aqueous sodmm hydrogen carbonate, 
the acetone was evaporated, and the product was extracted urlth 3 75-ml portions of 
ethyl acetate The extract was washed with water, dried (sodmm sulfate), and evapor- 
ated, and the crystallme residue was recrystalhzed from ethyl acetate, yield I 64 g 

(79% m P 22o-222’ (dec >, ML5 fr7512” (c r I, aceton,), RF 070, A”,:; 3 00 
(OH, NH), 6 20, 6 32, 6 62 (aryl (C=C), 7 22, 7 30 (CMe,), 7 56 (NO,), 13 42, 
14 IO ,U (substituted benzene), n m r data (pyndme) T 4 39 (I-proton doublet, J1 2 
2 c p s , H-I), o 5 24-6 13 (5-proton multiplet, H-2,3,4,5), 7 8 23,8 60 (3-proton smglets, 
CMe2), X-ray powder &ffractlon data 13 2g w, 8 g7 w, 7 86 w, 6 70 m, 5 57 vs (I), 

5 15 s (2), 4 79 s (3,3), 4 53 s (3,3), 4 27 s (3,3), 4 09 s (3,3), 3 77 s (3,3), 3 63 s (313) 
Anal. Calc for C,.+H17N308 C, 47 32, H, 4 82, N, I I 83 Found C, 47 55, 

H, 5 09, N, 12 23 
Only one product could be detected by t 1 c m the above preparation, and no 

chfference in the yield of 6 was observed when the time of reaction was extended 
to 4 days 

A solution of 6 (175 mg) m pyndme (2 ml) and acetlc anhydnde (3 ml) was 
kept for I day at room temperature, and then poured into ice and water The preclpl- 
tated solid was filtered off, washed with water, tied, and recrystalhzed from methanol, 
yield 130 mg (66x), m p 171--172O, [a];’ +rgo&z” (c I, chloroform), Rr 0 84; 2::: 

3 02 (NH), 5 77 (OAcI, 6 18, 6 30, 6 60 carol C=C), 7 30 @Me,), 13 45, 14.10 P 
(substituted benzene), n m r data (chloroform-n) z o 84 (I-proton doublet, J315’ z 7 

c p s , H-3’), r o 88 (r-proton, broad, disappears on addttlon of tnbutylamine m deu- 
tenum orude, NH), T I 66 (I-proton quartet, H-5’), 7 2 68 (r-proton doublet, JS:6’ 
g 5 c p s , H-6’), r 4 6g (a-proton multiplet, wdth IO c p s , H-I, H-3), o 5 92-6 38 
(4-proton multlplet, H-2,4,5), T 7 78 (pproton smglet, OAc), T 8 33, 8 62 (3-proton 
smglets, CMe,) 

Anal Calc for CIBHIgN,O, N, IO 58 Found N, IO 72 

~-Amzno-q-deoxy-r,2-O-zsopropyZzdene-ar-L-xyZopyranose (7) 
A solution of 6 (o 72 g) m acetone (60 ml) and water (20 ml) was stirred with 

Dowex-r (OH-) Ion-exchange resin, added m small portlons at 45-50” untd the 
solution became colorless. The rmxture was atered, and the resm was washed with 
hot methanol (500 ml) The liltrate and washings were evaporated to a colorless syrup 
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whch crystalhzed from ether, yield 0 247 g (65x), m p 13I-I32o, [a]h4 +32 5&I” 

(c I, methanol) ; 1::: 3 4, 6 3 (NH), 7 25 p (CMe,), X-ray powder ddfractlon data 

7.97 vs (21, 6 23 w, 5.79 vw, 5 27 vs (I), 5 01 m, 4.77 m, 4 39 s (3), 4 oo m, 3 64 m, 
3.14VW, 3 01 VW,285 IXl. 

Anal. Calc for CsH15N04- C, 50 80, H, 7 93; N, 7 40 Found- C, 50 62, H, 7 73, 

N 7 67 
Penodate oxldatlon of 7 (40 mg) at 25O in water (20 ml) contamng a s-molar 

excess of oxulant showed consumption of oxnlant (Fleury-Lange method24) as follows 
(tnne and moles per mole of oxuiant consumed given) 5 mm, I 03, I h, I 05, 2 h, 
Io7,4h,II4.8h,I.28,22h,I51;46h,I75;7oh,182 

q-Acetamido-~-O-acetyZ-yl-q-deoxy-r,z-O-zsopropyftdene-a-~-xylopyr~ose (8) 

A solution of 7 (590 mg) m pyndme (5 ml) and acetrc anhydnde (5 ml) was 
kept for I day at room temperature, and then poured into ice and water. The product 
was extracted with 3 60-ml potions of dichloromethane, the extract was washed 
with aqueous sodmm hydrogen carbonate, dned (sodium sulfate), and evaporated 
(co&stdlatlon wth toluene) The resulting syrup crystalhzed on storage, and recrys- 
tallization from chloroform gave 8 as fine needles, yield 596 mg (70x), m p rag-I IOO, 

[aJg2 +68&I” (c I, chloroform), & 0 40, 15:: 3 04 (NH), 5 73 (OAc), 6 08, 6 52 
(NHAc), 7 22 ,u (CMe,), n m r data m chloroform-d (see Fig 2) T 3 60 (r-proton 
broad doublet, J 8 c p s , drsappears on deuteration, NH), r 4 gI (2-proton multlplet, 
H-I&, t 5 85-6.50 ($-proton multiplet, H-2,4,5), f 7 go, 8 03 (3-proton singlets, 
acetyls), T 8 38,8.63 (3-proton smglets, CMe2), in benzene (see Fig 2) T 4 72 (r-proton 
multlplet, width IO c p s , H-3), r 4 g6 (r-proton doublet, J1,2 2 5 c p s , H-I), T 5 70- 

5 95 (I-proton multlplet) and f 6 20-6.5O &proton muhplet) (H-2,4,5), z 8 33, 8.37 

(3-proton singlets, acetyls), r 8 51, 8 82 (gproton smglets, CMez); X-ray powder 
tiactlon data 8 88 m, 7 47 vs (3), 6.23 m, 5 54 vs (2). 5-15 s, 4-72 m, 4 37 vs (I), 

408m,392m,358m.343w,3 18m,298m. 

Anal. Calc for C,.H,.NO, C, 52 74, H, 6 96, N, 5.12 Found. C, 52 79, 
H, 6 86, N, 5 05 

q-Acetamxdo-4-deoxy-r,z-O-isopropy~ldene-a-~-xy~opyr~ose (9) 

A solution of 8 (o 5 g) m anhydrous methanol (IO ml) was treated wrth a very 
small piece of metalhc sodnxm, and after 2 h at room temperature, the solution was 
neutralized with Amberhte IR-120 (H‘+) Ion-exchange resm Evaporation of the solu- 
tlon gave 9 as a colorless syrup, yield o 36 g (85t/o), RF o 15; nE:F 2 85-3 IO (OH, NH), 

6 IO, 6 50 WHAc), 7 30 (CM+) 

&Acetamido-&deoxy-L-xylopyranose (10) 
(a) Fronr q-acetam~o-q-deoxy-~,z-O-xsopropyI~derrs-a-c-L-xylopyranose (9). A 

solution of 9 (350 mg) m water (IO ml) was stirred wrth Amberhte IR-120 (H’) 
ion-exchange resm (I 5 g) for 2 5 h at 60”. The resin was filtered, and washed with 
methanol, and the filtrate was evaporated to a chromatograplncally homogeneous 
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syrup whxh crystalhzed after tnturatlon wth ethanol and ethyl acetate, yield 
152 mg (53%) After recrystalhzatton from methanol-ether, the product had 
m p I55-I57”, k&4 -53+ -49” (e 3 3, water), RRhmnMse o 85 (papergram, 
3.1-1 butyl alcohol-ethanol-water) ; A if; 3 oo broad (NH, OH), 6 18, 6 44~ (NHAc), 
X-ray powder clffractlon data g 30 m, 7 86 VW, 6 02 s (3,3), 5 71 vs (2), 5 og w, 
4 67 vs (0, 4 33 s (3,3). 4 03 s (3,3), 3 80 m, 3 64 m, 3 37 -, 3 18 m, 3 05 m, 2 93 s 

Anal Calc. for C,H,3NOs. C, 43 97, H, 6 85, N, 7 32 Found C, 43 67, H, 6 gr ; 
N 7.69 

For tins compound, prepared by a Merent route, Dick and Jones reported* 

m P- 157-158”~ [aI, -22+-16~ (c I, water) and &,,,O., 0.81 (papergram, 3 I:I 
butyl alcohol-ethanol-water); a revised value of [&, - 43 5O (equil , c o 93, water) 
was subsequently reported (see footnote p 193) 

(b) From q-ammo-q-deoxy-r,z-O-wopropropyl~de~-a-~-xy~opyra~se (7) To a 
solution of 7 (200 mgj m methanol (I ml) and water (4 ml) was added acetlc anhydrlde 
(I ml), and the mixture was kept for 2 h at room temperature Exammatlon by t 1 c 
(I 2 isopropyl alcohol-benzene) revealed that the startmg matenal 7 (RF o 17) was 
completely convertedmto 9 (RF o 72) Water (2 ml) was added and the solution was 
heated for 3 h at go”, by which time converslon of 9 mto 10 (RF o 07) was complete 
Evaporation of the solution (co&stlllatlon wnh toluene), and crystalhzatlon of the 
residue from ethanol-ether gave 10, yield 120 mg (60x), m p 155-157”, ldentlcal by 
nuxed m p and I r spectrum with the product prepared by procedure (a) 

N m r spectrum of q-acetamldo-a-deoxy-L-xylose 
The II m r. spectrum of 10 (Fig I), measured at 80’ m deutermm oxide with 

an eqmhbrated solution gave the followmg data T 4 78 (doublet, J1 2 3 o c p s , 
H-I of a-L anomer) and r 5 44 (doublet, Jr,z 7 6 c p s., H-I of b-~ anomer) (total 
Integral, I proton, relative mtensitles 2 3), r 5 89-6 28 (5-proton Idtlpkt, H-2,3,4,5), 

7 7 gg (3-proton singlet, NAc) The srgnal at T 5 44 was partially obscured by the HOD 
signal when the spectrum was measured at 40”. 

A spectrum of 10, measured 2 mn after cbssolutzon m deutenum oxide. showed 
the slgnal at r 4 78 The relative mtenslty of the latter was not appreciably merent 
from Its mtenslty m the spectrum of the eqmhbrated solution The spectrum of 10, 
measured 30 mm after &ssolutlon in methyl stioxlde-d,, showed signals at r 4 7g 
(H-I of a-L pyranose anomer) and T 5 46 (H-I of B-L pyranose anomer), a smglet 
at ‘c 8 oo (NAc), and a broad signal, t N 4 7 wluch dIsappeared on deuteratlon (NH) 
The spectrum of the deuterated sample, measured at So”, showed the H-I sxgnals as 
sharp doublets at T 4 7g (J1,2 28cps)andz546(J1,,72cps),totalmtegral~ 
proton, 111 approximately 2 3 ratlo. The H-2,3,4,5 signals were observed as a 5-proton 
multlplet, r 5 95-6 86 
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SUMMARY 

Acetonatlon of 2-deoxy-2-(2,4-dinitroamhno)-D-glucitol (1) gave the 3,4 5,6- 
dusopropyhdene acetal(2), which was converted by mild, acid hydrolysis mto the 3,4- 
monoisopropyhdene acetal (3) Penodate oxldatlon of 3, followed by mdd hydrolysis 
of the oxidation product (4) gave 4-deoxy-4-(2,4-dlmtroamhno)-L-xylopyranose (5), 
which underwent condensatlonwlthacetone to gve the 1,2-O-lsopropyhdene derivative 
(6) Removal of the IV-substltuent from 6 gave gamma-4-deoxy-I,2-O-lsopropyhdene- 
a-L-xylopyranose (7), whch was acetylated to gve 4-acetamrdo-3-O-acetyl-4-deoxy- 
1,2-O-~sopropyhdene-a-L-xylopyranose (8) O-Deacetylatlon of 8, followed by mdd 
hydrolysis of the product (9), gave 4-acetamldo-4-deoxy-L-xylose (lo), substance 10 
was also prepared from 7 m one step In aqueous solution, the acetarmdo sugar (10) 
underwent equrhbratlon to gve a mixture of the CL-L and j?-L pyranose anomers m 
2 3 ratio Structural assignments were supported by n m r. and other physical data 
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I,2 3,5-m- U-ISOPROP~~DENE-~-D-APIO-L-FURANOSE 

F A CAREY,D H BALL,AND L LONG,JR 

Ploneermg Research Dwzston. CT S Army Nanck Laboratones, Natrck, Mass or760 (US A ) 

(RecewedJune qth, Ig66) 

INTRODUCTION 

Known smce rgor as a constituent of the fiavone glycoslde apun (l), aplose is 

the most abundant of the naturally occurrmg, branched-cham carbohydrates’*2 
Vanous groups have contnbuted to the clanficatron of the structure of I, wrth 

the iast facet, the stereochemistry at C-3 m the aplose fragment of the molecule, bemg 
recently determmed by Jones and his associates by usmg a combmatron of synthetm 
and degradatrve methods3 

A more plentiful source of aplose 1s a cell-wall polysaccharide4 present in several 
marme and fresh-water plants e g , Zostera marma L ‘, Posidoma australrs L 6, and 
Lemma mmor’, from w&h aprose 1s freed by acrd hydrolyses and commonly isolated 
as a crystalhne dusopropyhdene denvatrve The free sugar IS capable of etistmg in four 
drastereoisomenc furanose forms Two dusopropyhdene derivatives (2 and 3), drf- 
fermg only m the stereochemlstry at C-3, seem equally possible In practice, only one 

dnsopropyhdene denvative IS Isolated, m conJunctIon with work m progress mvolvmg 

OH OH 

2 3 

the synthesis of branched-chain carbohydrate denvatrves of brologuxl interest, it was 
necessary to determme the stereochennstry of thus and related compounds as a pre- 
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requmte to structure-activity correlations T~H paper reports our finding that the 
known dnsopropylidene denvative of aplose 1s 1,2 3,5-&-O-lsopropyhdene-a-~apio- 
L-furanose(2)*, namely, r,2’3,31-di-O-isopropylidene-[3-C-(hydroxymethyl)-8-L-threo- 
furanose]. 

DISCUSSION 

The procedure descpIbed for the extractlon of aplose from Poszdonia alcstralzs 
L ’ was found amenable to large-scale adaptation, from 14 kg of Zosrera marzna L 
was obtamed the known crystalline &-0-isopropylideneapiose (in I % yield) with m p 
80-82” and [ali t-58” (ethanol) m accord urlth the reported physlcal constants’. 

Both thm-layer and gas cbromatographlc exammatlon showed the compound to be a 
smgle isomer 

No a priori choice between structures 2 and 3 was possible on stenc grounds, 
smce examma tion of models of each revealed no severe non-bonded interactions 
which would destablhze one relative to the other Slmllarly, the n m r spectrum 
(see Fig. I) showed no charactenstlcs which offered a clue to the stereochemistry at 
C-3. The couplmg constant between the anomenc proton and the C-2 proton was 
3 7 c p s , whxch corresponds to a dihedral angle of 4o-50” and indtcates that the fura- 
nose ring had adopted a C, or ‘%.vist” conformation’. 

Selective removal of one of the Isopropyhdene groups was effected by hydrolysis 
with acetic acid-water (2 I by volume) at 25O for 48 h The resulting crystallme mono- 
O-isopropylideneapiose [actually 1,2-0-lsopropyhdene-a-D-aplo-L-furanose (4)] was 
formed m 70% yield, was homogeneous on thin-layer chromatogram, and was readdy 
ptied by recrystalhzatlon from Icbloromethane-hexane 

A partial hydrolysis (m 3 I &oxane-water, contalmng p-toluenesulfomc acid) 
was momtored by n m r , which mdlcated that the 3,5-0-lsopropyhdene group was 
removed Of the four partmlly resolved agnals for the lsopropyhdene methyl groups 
(7 8 70~8 65,8 60, and 8 57), the Hugh and low field resonances remamed substantially 
unchanged dunng the course of the reaction, whde the peaks at 7 8 65 and 8 60 
progressively dlsappeared (cf Fig I) In accord with the observations of Foster and 
co-workersg, the high and low field resonances may be asslgned to the methyl groups 
of the 1,2-0-lsopropyhdene nng (a- and y-type) and the mtemal peaks to the methyl 
groups of the 3,5-U-lsopropylidene nng @?-type) 

In agreement urlth expectation, the mono-0-lsopropyhdeneaplose consumed 
I eqmvalent of aqueous sodmm metapenodate mth the hberatlon of one equvalent 
of formaIdehyde and no formic acid A crystalhne ketone, m p. 60 5-61.$' and [aID 

+ 140” (chloroform), was isolated from the oxIdatlon mixture in 75% yield and found 
to be Identical with I,%O-lsopropyhdene-D-glycero-tetros-3-ulose (5), prepared by 
ruthemum tetroxlde oxidation of 1,2-0-lsopropyhdene-L-threose (6)” 

Removal of the elements of asymmetry at C-3 was accomphshed by converslon 

*The nomenclature IS essentially that suggested by Cahn (see ref 6). See also, ref. Ib 
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of dro14 mto olefin 8 by Corey’s method” Successrve treatment of 4 wrth butylhthmm, 
carbon drsulfide, and methyl rodrde m tetrahydrofuran, followed by chromatography 
afforded the cyclic thonocarbonate 7 m 51% yreld (73 % based on unrecovered 4). 
Alternatively, 7 may be prepared from 4 and b&nulazoI-I-yl)thxone in 93% yield. 
Refluxing a solutton of 7 m tnmethyl phosphate under mtrogen for 16 h effected desul- 
furrzation-decarboxylation and yielded 3-deoxy-I,z-0-rsopropylrdene-3-C-methylene- 

OH 

D-glycero-tetrose (8) 111 62% yreld Structure 8 follows from the mode of synthesis, 
known to be posrtion-specrfic l2 from rts mfrared spectrum, which contained weak , 
bands at 1660 cm-’ (C=C) and 920 cm -’ (C=CH2 out-of-plane deformatron)r3, and 
from us n m.r spectrum It showed peaks at T 8 77 and 8 64 (rsopropyhdene methyls) 
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and an Al3 quartet (C-4 protons) centered at T 5 6g (J 12 c p s ) which was broadened 
by allyhc couphng w&h the olefimc protons These appeared as two broad peaks at 

z 4-95 and 4 77. The C-2 proton gave a broad doublet at T 5 32, coupled to the anomenc 
protonatr432(J3_8cps) 

It was antnzlpated that restoration of asymmetry at C-3 by addltlon to the double 
bond schould be stereoselective and, in particular, It was thought that hyclroxylatlon 

8 7 3 

with osmmm tetroxlde, a bulky reagent, should occur tram to the 1,2-O-lsopropyhdene 

nng 1,2-0-Isopropyhdene-cc-D-apio-L.-furanose (4) should therefore be formed ID 

preference to I,%0-lsopropyhdene-a-D-aplo-D-furanose (lo)*. 

As hoped, hydroxylatlon proceeded cleanly to give a single, crystalhne dxol 

m 53% yield Tlus matenal was ldentrcal m meltmg pomt, mixture meltmg pomt, 

1 r , n m r , t 1 c , and optlcal rotation with 4 (prepared by partial hydrolysis of 2)_ 
Smce 4 may be reconverted to the origmal dusopropyhdene denvatlve by condensation 
with 2,2-&methoxypropane, it follows that the known di-0-lsopropyhdeneaplose IS 
1,2 3,5-dl-0-lsopropyhdene-a-D-aplo-L-furanose (2) 

It IS evident from exammatlon of models that the side of the double bond which 

IS trczm to the lsopropyhdene rmg IS the less hmdered; this was verified expenmentally 

by borohydnde reduction of ketone 5 The previously unknown r ,2-O-lsopropyhdene- 

D-erythrose (9) was formed exclusively No trace of the threose Isomer, which would 

be formed by attack of borohydnde czs to the lsopropyhdene ring, could be detected by 

gas chromatography 

CH,OH 

Q2+ Ro,= yqOH 

OH 0 0 
S CH, 

o%C~cH, 
I X 
CH. CH, cH3 

IO 12 II 

*Precedent exists for deducmg the stereochemlstry of a natural product possessrng a > C(OH)- 
CHzOH groupmg 5y osmmm tetroxlde hydroxylatlon of the derlvedolefin as In thecase of thedlterpene 
cafestol I4 
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As mentioned previously, no sq&icant Merence III energy between 2 and 3 
1s predlctable from exammatlon of models On this basis, It would be expected that 
the reaction of aplose with acetone would grve a mucture of the two. The Isomer 2 is the 
only one whch has so far been conclusively Identified*, and a possible explanation 

for the preponderance of 2 IS that an mtermedtate such as IO may rearrange as shown. 
If tms rearrangement were favored over condensatron with a second molecule of 
acetone, very Mtle of isomer 3 would be formed While such an acetal migration has 
not as yet been observedg, such mtermehates as 12 have recently been found to be 
involved m acetal hydrolysis”. 

Although tms scheme IS necessmly speculative at the plesent time, further 
experiments are m progress to clanfy the course of this novel acetalation 

EXPERIMENTAL 

Meitmg points were determmed m glass caplllanes Hrlth a Thomas-Hoover 
apparatus and are corrected Infrared spectra were recorded with a Perkm-Elmer 
Infracord spectrophotometerand cahbrated agamst the r6oo-cm-’ band of polystyrene 
Nuclear magnetic resonance spectra were recorded on a Vman A-60 spectrometer, 
and peak posmons are gven m T umts relative to internal tetramethylsrlane (for 
solutions m orgamc solvents) or to sodmm 4,4-dimethyl-4-sliapentanesulfonate (for 
solutions m D20) 

Gas-hqmd chromatography was performed on a Pye Argon chromatograph 
equipped wnh a 4’x3/16” column of neopentyl glycol sebacate (IO% on So-100 
mesh Chromosorb W, DMCS-A/W) The column temperature was 150’, the flow 
rate was 90 ml of argon/mm 

Extractron of aprose from eel grass 
Air-dned eel grass (Zostera manna L) (14 kg) was ground m a rotary cutter 

and &gested for I h at 95-99” m water (160 1) contammg sulfunc acid (3 2 1) The 
solution was allowed to cool and was filtered through cloth, the residue was washed 
with hot water The filtrate was neutrahzed (pH 7) wnh saturated banum hydroxtde 
solution, and most of the supematant solution was collected by decantatlon The 
residual sohds were removed by centnfugatlon, and the total clear sol&on (ca 170 I) 
was acuhfied with acctlc acid (35 ml) Concentration under reduced pressure afforded 
a granular solid wIuch was mlxed with acetone (88 1) contamng p-toluenesulfomc acid 
(880 g), the suspension was boiled under reflux for 78 h Potassmm carbonate (2 kg) 
was added, the nuxture was stirred overmght and OReled, and the residue was washed 
wnh acetone (IO 1) After the addition of 20% sodmm hydroxide solution (250 ml), 
the solution was concentrated to 14 1 This solutxon (in 20 portIons) was then concen- 
trated under reduced pressure at 2$’ to a syrup Addition of cold water caused 

*A bnef report (ref 5) that L-aplose forms a dusopropyhdene arrwatwe ddferent from that of 
D-apiose warrants further investigation 
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di-O-rsopropylrdeneaprose to separate as an orl, which soon crystallrzed The yield of 
tan crystals was I 12 g 

The mother hquors were extracted contmuously with ether for 40 h, and 
concentration of the extracts afforded a syrup which was fmctlonated by chromato- 
graphy on sdica gel wrth drchloromethane as eluent An addttronal35 g of di-O-rso- 
propyhdeneaplose was obtamed, gtvmg a total yield of 147 g (I 05%) 

Recrystalhzatron of the crude matenal from water contaimng a IntIe ammonia 
gave pure di-U-isopropyhdene-D-aplose as needles, m p go--82”, [a];’ f59” (c I 0, 
ethanol) m good agreement v.lth reported values’. (2) 

Partzal hydrolyses of dr-O-isopropylrdene-D-apmse (2) 
A solutron of dr-O-isopropyhdene-D-aplose (2) (I o g) m a mrxture of acetrc 

acid (IO ml) and water (5 ml) was kept for 48 h at 25’ Concentratron afforded a crystal- 
lme residue, wluch was recrystalhzed from drchloromethane-hexane to gave 1,2-O- 
rsopropyhdene-n-aprose (4) (o 59 g, 70%) A further recrystalhzatlon of 4 from the 
same solvents gave needles, m p I24-125O, [a]:’ +46” (c I 0, ethanol) 

AnaL Calc for CsH1405 C, 50 52, H, 7 42 Found C, 50 27, H, 7 37 
Treatment of 4 with pyndme-acetrc anhydnde (4 I) for 2 h under reflux gave 

the 3,pdracetate which crystalhzed from cyclohexane as cubes, m p 88-89 5”, [a]:’ 
f75” (c I 4, chloroform) 

Anal Calc. for C12H1s07- C, 52 55, H, 6 62 Found C, 52 54; H, 6 45 

Acetonatron of compound 4 
To a solutron of 4 (190 mg, E mmole) in 2,2-drmethoxypropane (7 ml) was 

added I drop of cone sulfur-m acid. After 2 h at 25O, the solutron was poured into 
saturated sodmm bicarbonate solution (15 ml) and the layers were separated. The 
aqueous phase was extracted twice wrth ether (5-ml potions), and the combmed orga- 
mc phases were dried with magnesium sulfate Concentratron gave a pale-yellow crys- 
tallme solid (229 mg, roo”A) which was puntied by subhmatron at 70” and 15 mm to 
gave colorless crystals (143 mg, 62x), m-p. 79 5-80 5” (not depressed by adrmxture 
wrth 2) [a]= + 51” (c LO, ethanol) 

Periodate oxrdation of cornpound 4 
Oxidation of I mole of 4 wrth sodmm metapenodate was complete after 3 h 

wrth an uptake of I mole of perrodate and the hberation of o 9 mole of formaldehyde. 
No formic acid was produced 

On a preparative scale, an aqueous solutron of sodmm metaperiodate (2 5 g, 
12 mmole) was added to a solution of 4 (1.73 g, 9 I mmole) m water (total volume, 
IO ml) After 3 h at 25O, dtchloromethane (IOO ml) was added, and to the s&red 
mixture was added sufficrent anhydrous maguesmm sulfate to ehminate the water 
present The suspension was stn-red overmght and then filtered; the residue was 
washed wrth chchloromethane, and the combmed filtrate and washmgs were concen- 
trated to a crystalhne solid (I 07 g, 75%) Recrystalhzatron from hexane afforded 
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3-Deoxy-r,z-O-~opropylIdene-pC-methyIe~-D-glycero-tetrose (8) 
A solution of 7 (I 60 g, 6 g mmole) m redsstdled tnmethyl phosphate (50 ml) 

was boded under reflux in a stream of nitrogen for 16 h Sodmm hydroxide solutron 
(15 %, 400 ml) was added, and the solution was heated on a steam bath for 45 min to 
decompose phosphorus esters The solution was cooled, and extracted wrth methylene 
chlonde (3 x 50 ml), the extracts were washed with saturated so&urn chlonde solutaon 
and dried wrth magnesmm sulfate Drchloromethane was removed by distdlatton 
through a m-cm Vrgreux column, and the olefin 8 was obtamed as a clear colorless 
hqurd (o 68 g, 62%) This matenal was homogeneous by gas-hquid chromatography 
and, after purnkatron by “Kugelrohr” drstrllatron at 105” and 20 mm, had [cz]~ 
+140” (c 1.6, chloroform) 

Anal. Calc. for CsHlz03 C, 6152, H, 7 74 Found C, 61 go, H, 7 38 

Hydroxyiation of compound 8 
Addition of osnuum tetroxide (0.5 g, 2 o mmole) to a solution of 8 (o 20 g, 

1.3 mmole) m pyndme (7 5 ml) resulted m an nnmedrate exothermrc reaction and the 
formation of a brown precrpltate After 16 h at 25”, the osmate ester was decomposed 
by the addkon of a solution of sodrum blsulfite (I g) m a nuxture of water (15 ml) 
and pyndme (IO ml)“. The solution was extracted wrth lchloromethane (5 x 20 ml), 
and the extracts were dried wrth magnesium sulfate and concentrated to a syrup Trr- 
turatron wrth hexane afforded crystals (0.13 g, 5399, m p 122-125~ not depressed by 
admixture with 4, [c@ f4g” (c 2 o, ethanol) The 1 r and n m r. spectra and t 1 c 
mobrhtres of the product and of 4 were identical 
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SUMMARY 

A procedure for the extraction of aplose from eel grass (Zostera marma L ) on 
a large scale IS described The crystalline dusopropylidene derivative was obtained 
m a yield of I % and was shown to be 1,2 3,5-&-U-isopropylidene-a-D-aplo+furanose 
(2), namely, r,2.3,31-~-O-isopropy~dene-[3-C-(hydroxymethyl)-8-L-~eofur~ose] 
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Graded acid hydrolysis of 2 afforded r,2-O-isopropyhdene-a-D-aplo-L-furaaose 

(4), whtch was oludlzed urlth penodate to gve r ,z-O-lsopropyhdene-D-g[ycero-tetros-3- 

ulose (5) Borohytide reduction of 5 gave I,%O-lsopropyhdene-D-erythrose (9). 
Treatment of 4 wth brs(imidazol-I-yl)tone gave the cychc thlonocarbonate 7, 
which was convelted mto 3-deaxy-r,2-O-Lsopropyl~dene-3-C-methyTe~e-n-glycero- 
tetrose (8) by treatment with trImethyl phosphate Stereoselectlve hydroxylation of 

8 gave 4 
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STUDIES ON z-A-MINO-z-DEOXY-D-GLUCOSE DERIVATIVES 

XIV*. CBMPARHON OP STABILITIES OF o-AMINOACYL DERIVATIVES OF 2-ACETAmDO-2- 

DEOXY-D-GLUCOSE TOWARD HYDROLYSIS 

J~~YOS~IMLIRA,MASUO FUNABMHI,SADAOISHIGE,ANDTETWOSATO 

Department of Chemrstry, Tokyo Institute of Technoiogj, Ookayama, Meguroku, Tokyo (Japan) 

(Received Aprd Isth, x966, III reused form, June 15th. x966) 

INTRODUCnON 

Amino acid esters of sugars, supposedly of wade occurrence 111 nature, have 
seldom been found’ up to the present, probably because of their hrgb labrhty It IS 
therefore srgn&ant to examme m detarl the stabrhty of the esters formed from ammo 
acrds and sugars 

In the field of ammoacyl denvatrves of nucleosldes and nucleotrdes, studies have 
been conducted on the hydrolysis proper-Des’ of these compounds, as model systems 
for ammoacyl denvatives of soluble nbonuclerc acids It has been concluded that 
the stab&y of these derivatives 1s enhanced by the bulkiness of the aminoacyl 
moiety, by the absence of a nerghbonng cls-hydroxyl group, and by the presence 
of a phosphate group 

On the other hand, recent work” on the stabrimes of 6-O-ammoacyl-D- 
glucose denvatrves having neutral ammo acids has shown that these compounds show 
rmmmum hydrolytic rate at a pH at w-mch the electrostatrc repulsron of the protonated 
ammo group stabrhzes the ester linkage, m proportron to the relative distance of the 
ammo group from the ester bond 

The preparation of various U-(z-ammoacyl) derrvatrves of z-acetamido-z- 
deoxy-D-glucose, as model compounds for hydrolytic studies, has been reported4-6. 

We report herein the hydrolytrc stabrlrty of these denvatrves We have attempted 
to evaluate the data m terms of the mfiuence of the nature of the ammo acrd (neutral, 
baste, or acidtc), the acetanndo group, the positron of the ester bond m the sugar 
moiety, and the anomenc group 

EXPERIMENTAL 

Materrals 

The following nine model compounds were used z-acetanudo-z-deoxy-6-0- 
glycyl-D-glucose4 (l), z-acetanudo-z-deoxy-6-O-(L-lysyl)-Dglucose4(2), z-acetamtdo- 
6- O-(L-cc-aspartylj-z-deoxy-D-glucose4 (3j, z-acetarmdo-z-deoxy-4-0-glycyl-D-glucoses 
(4), z-acetamrdo-2-deoxy-3-0-glycyl-D-glucose’ Q, 2-acetamtdo-2-deoxy-r-O-glycyl- 

*Part XII; see ref 5. Part XIII, see ref 6 
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B-D-glucose6 (0, ethyl 2-acetarmdo-6-O-(L-a-aspartyl)-2-deoxy-a,8-D_glucos~de4(~, 
2-acetarmdo-6-O-(N-benzyloxycarbonylglycyl)-2-deoxy-D-~ucose4 (8) and %aceta- 
mido-I-O-(N-benzyloxycarbonylglycyl)-2-deoxy-B_ucose6 (9). 
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Procedure 

The followmg method, whtch IS essentially the same as that reported by Kochet- 
kov et al 3 and by Suzuki’, was used 

Each sample (6 8-9 5 mg, o 02 mmole) was dissolved m I ml of a buffer solu- 

tion (acetate btiers pH o 76, I 20, 1.51, I g5,3 38,4 25, and 5 48; phosphate buffers. 
pH 6 80 and 7_g4), and was kept m a stoppered test tube at 4ofo 5”. Ahquots (o 05 ml) 
of the solutton were wrthdrawn wrth a mrcroprpet at 4-5 sultable intervals, and were 

spotted onto a he ruled on the center of a sheet (35 x 12 cm) of Toyo Rosh1 No VIA 
filter paper 

At the same time, another sample of the solutron was spotted as a standard for 
reference, about 3 cm from the mam spot Paper electrophoresis was then performed, 
wuh pyndme-acettc actd buffer3 (PH 4 3) at 32 V/cm and o 2 mA/cm After detection 
of the positions of 2-acetamtdo-2-deoxy-D-glucose, of the amino acid, and of the star- 
tmg matenal, by the method of Rydon and Smith’ or wrth o I % nmhydrin solution 
in butyl alcohol saturated with water, the section of the hydrolyzed product was cut 
off at 4-cm width for determmatlon 

The mrgration drstances of the starting matenals and the hydrolyzates are 
shown m Table I 

In the case of glycme or lysme esters, the hberated 2-acetanndo-2-deoxy-D- 
glucose, whmh remams close to the startrng line, was eluted wtth IO ml of dtsttlled 
water, and the quantrttes were determmed by a modified method9 of Morgan and 
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Elson”, in which the presence of an eqmmolar amount of an ammo acid does not 
disturb the assay of %acetamrdo-2-deoxy-D-glucose. 

In the case of aspartrc actd esters, the quantrty of the hberated L-aspartic acrd 
was determined by a bioassay’l usmg Leuconostoc mesenterozdes P-60 (ATCC 80&), 
because 2-acetanudo-z-deoxy-D-glucose and the startmg matenals were inadequately 
resolved on the chromatograms 

TABLE I 
MIGRATION DISI-ANCE OF I-ACETAMIDO-O-AMINOACYL-2-DEOXY-D-GLUCOSES AND HYDROLYZATFS IN 

PAPER ELECl-ROPHORETOGRAhfSa 

Compound I 2 3 4 5 6 7 
Mxgratlon distance (cm) -57 -89 --I4 -59 -59 -60 --I 5 

Compound 

Mlgratlon distance (cm) 

GIycme L-Lysme L-Aspartlc aced 2-Acetamldo-z-deoxy- 
D-gIucose 

-090 -77 +46 -10 

w20ndltIons 3zV/cm, o 2 A/cm, 60 mm, at pH 3 4 

In the case of 8 and 9, the separatron of the hydrolyzates was performed by 
paper chromatography with 2-butanol saturated wrth water as developer Detectton 
of the substances was performed by the method of Rydon and Smiths, and the quanttty 
of the hydrolyzed 2-acetarmdo-%deoxy-D-glucose was determmed as before. 

The first-order rate constants for the hydrolyses were calculated, and the ttmes 
of half-reactton (to ,) at each pH are summanzed m Table II The relatton between 
to 5 and pH IS shown m Fig. I and Fig 2 

The total relative errors m this procedure are less than 8% 

TABLE II 

TIME (IN HOURS) OF HALF-REACTION (to&) OF 2-ACETAMIDO-O-AMINOACYL-2-DEOXY-D-GLUCOSES AT 

VARIOUS PH’S 

PH 

Compound o 76 I 20 1.71 I 95 3 38 4 25 548 680 795 

220 430 720 

190 1100 1500 

180 190 
220 740 
290 410 600 
2x0 210 

I20 150 
50 180 400 

890 180 48 20 44 0 58 
740 160 50 II 

I90 100 82 75 17 
600 230 I40 17 
380 500 22 

600 220 22 0 50 

240 140 89 II 20 

240 620 480 310 
480 360 140 
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RESULTS AND DISCUSSION 

It 1s evrdent from the data shown m Fig I that 2 is hydrolyzed most slowly 
at pH I o-x 8, mdrcatmg that the electrostatrc effect of the protonated CY- and c-ammo 
groups in the lysyl resrdue prevents the attack of protons more so than that m 1 
In contrast, the nucleophrlic character of the two ammo groups predominates over the 
former effect m the higher pH range, so that 2 is more Iabrle than I at pH 1.8 

3c 

2c 

e 

r 

H 

ia 

12345678 

PH 

3c 

21: 

s 

H 

ia 

12345676 

P’-’ 

Fig I Tme of half-rcactlon at various pH’s of 2-acetamdo-2-deoxy&O-glycyl-D-glucose (1) 
2-acetamdo-2-deoxy-6-0-)L-lysyl)-D-glucose (2), 2-acetamtdo-6-O-(r_-cmspartyl)-2-deoxy-mglucose 
(3). 2-acetarmdo.~0-(N-5enzyIoxycarbonylgIycyi)-2-deoxy-n-~ucose (8), and z-acetamido-I-O- 
(N-benzyloxycarbonyl~ycyl)-2-deoxy-&D-gkose (9) 

Fig 2 Tnne of half-reactton of V~~IOLIS pH’s of 2.acetarmdo-z-deoxy-6-0-glycyl-D-glucose (l), 
2-acetarmdo-z-deoxy-r-0-glycyl-/%mglucose (6), 2-acetamido-2-deoxy-3-O-glycyl-r+glucose Q, 
2-acetamdo-2-deoxy-4-O-glycyl-~-glucose (4), 2-acetanudo-6-O-@-a-aspartyl)-2-deoxy-D-glucose (3), 
and ethyl 2-acetarmdo-6-O-(L-er-aspartyl)-2-deoxya.B-D-glucoslde (7) 

In the case of 3, mtramolecular proton exchange between the ammo and fl- 
carboxyl groups m the aspartyl resrdue allows the protonated ammo group to have an 
effect, even in the hrgher pH range, whereas m the IowerpH regionthe protonattractrve 
effect of the carboxylate anron drmmrshes the electrostatrc repulsron of the protonated 
ammo group Therefore, 3 is rather more stable than 1 or 2 at pH>ca 4 and much 
more labrle at pHt ca 4 

The effect of the protonated ammo group IS more directly apparent when 1 IS 
compared wrth 8, or 6 wrth 9 (Fig I) In both cases, the benzyloxycarbonyl group 
decreases the nucleophlhcrty of the ammo group, and consequently, t, 5 values of 

8 and 9 are larger than those of 1 and 6 m the higher pH range and much smaller 
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m the lower pH range Moreover, the pH value at the maxlmum pomt m 8 1s dnmmshed 
from ca 3 4 to I.95 by removal of the benzyloxycarbonyl group However, the fact 
that the above change cannot be observed in the case of 9 and that 9 is hydrolyzed 
more slowly than 8 at pH I 2-2 4 seems to suggest that the acetanudo group at C-2 m 
2-acetanudo-2-deoxy-D-glucose exerts a protonafzon effect This effect IS also suppo~- 
ted by the observation that 6-0-glycyl-D-glucose3 (to 5 500 h at pH 2 3) is hydrolyzed 
more rapidly than 2-acetamxdo-2-deoxy-6-O-glycyl-D-glucose (to 5 8go h at pH I 95) 

On the other hand, comparison of the influence of the posmon of the ester 
hnkage (Fig 2) mdlcates that 1 IS the most stable of all because of the pnmary hydro- 
xyl ester, but 6 1s not as labile as expected It 1s also noteworthy that 4 1s most labile at 
pH o 8-1.8, attnbutable to the absence of the effect of the nelghbormg acetamldo 
group mentloned above The fact that 7 IS hydrolyzed a httie more slowly than 3 
(Fig. 2) suggests that the glycosuhc hydroxyl group exerts an effect 

Although the compounds contalmng amino and carbonyl groups generally 
show hrgh labthty because of an mtramolecular ammo-carhonyl reactton12, the results 
indicate that the contnbution of the free aldehyde form of a sugar IS rather small 
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SUhlMARY 

The trmes of half-reaction of 2-acetamldo-I-, -3-, -4-, and -6-O-ammoacyl-z- 
deoxy-D-glucoses on hydrolysis under acuhc condmons were measured The maxnnum 
pomts were generally observed at pH I 5-2 o and resulted from the electrostatm 
repulsion of the protonated ammo group In a mgher pH range, the effect of the 
nucleophmc chaacter of the ammo group predominates over the above effect. 
Consequently, the order of the stabmty IS 6-0-(L-lysyl) (2)>6-0-glycyl (1)>6-O- 
(L-cr-aspartyl) (3) at pH<r 8, 3>1>2 at pH>ca 4, and 1>6-O-(N-benzyloxycar- 
bonylglycyl) (8) at the maxunum pomt The 2-acetamido group of these compounds 
showed a snn~lar effect to the nelghboring ester hnkage I-O-(N-benzyloxycarbonyl- 

glycyl) (9)~8, at PH 1 3-2 5 
In relation to the posltton of the ester hnkage, the order of the stab&y at pH 

I 5-2 o is l>I-0-glycyl (6), 3-0-glycyl (5)>4-O-glycyl (4). A weak effect of the 
anomenc hydroxyl group was e&mated from the comparrson of 3 with the ethyl 
6-O-(L-or-aspartyl)derlvatrve (7) 
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A SPECTROPHOTOMETRIC METHOD FOR THE DETERMINATION OF 
FORMIC ACID IN THE PERIODATE OXIDATION OF CARBOHYDRATES 

Sv A. BARIEER AND P_ I. Somw 

Department of Chemwry, Umoersuy of Bwmmghatn. Wrmmgham 15 (Great Brrtam) 

(Reamed June 7th. 1966) 

INTRODUCTION 

In the cleavage of cQ,y-tnols by penodate, one molecular proportron of formic 
acrd 1s produced Thus, m the penodate oxulatxon of polysacchandes, non-reducing 
end groups or intercatenary (1+6)-linked units give rise to formic acid, when three 
contiguous hydroxyl-groups are present Measurement of the formic acid released 
in such reactions can thus yreld structural data concerning the polysaccharrde 
Potent:ometnc and other tttnmetnc methods have been descnbedlm3 for the deter- 

mination of formic acid Sensitive manometnc4 and enzynuc’ procedures have also 
been reported 

EXPERIMENiAL 

Standardned analytxal procedure - Reagents (1) Ethylene glycol (10% V/V) 

in &stilled water, (2) sodnim borohydnde (5% w/v) in sodmm tetraborate Co OHM)- 

hydrochlonc acrd buffer (pH 8 o), (3) sulphunc acrd (8 ON), prepared from Mrcro- 

analytical Reagent, concentrated acid, (4) a suspension of 2-tluobarbitunc acid (2.5 g) 

in distilled water (80 ml) was adjusted to pH 5 4 with sodium hydroxide (2 ON) to 
obtain complete dissolution at room temperature, and the solution was diluted to 
IOO ml with &stilled water, (5) redistilled butyl alcohol contammg 5 % (v/v) hydro- 
chlonc acrd (I I 6N) 

Method - Portions (o 4 ml) of sample solutions from penodate oxrdation 
reactions, contauung o to 200 pg of formic acid, were pipetted into clean, stoppered 
test-tubes (125 x 16 mm), and the periodate oxidation was termmated by the addition 
of ethylene glycol solution (o 05 ml) Standard solutions of forrmc acid, weighed 
as sodmm formate, were similarly treated After 5 mm, soduim borohydride solution 
(o I ml) was added, excess of borohydnde bemg destroyed after a further 5 mm by the 
addttion of dilute sulphunc acid (8 ON, o 05 ml) The addition of a-tluobarbituric 
acid solution (I o ml), followed by heating for 20 mm at IOOO, resulted m the develop- 
ment of a charactenstrc chromophore (A_ 450 rnp) After the solutron had been 
cooled to room temperature, the chromophore was quantitatively extracted into 
acidic butyl alcohol (reagent 5, 1.5 ml). The optxcal density was determined at 450 rnp 
after &r&cation by centnfugation (1000 r p m , 3 mm) 
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Vat-ratron of co/our development wrth pH and extractmg solvent - Solutions 

contammg 200 pg of forrmc acid were analysed as III the standard procedure, but 

usmg a drfferent pH for chromophore development. After the ad&&on of sodmm 

borohydnde, sulphuric acid of various strengths (I-ION, o 05 ml) was added After 
cofour development, extra&on was effected mto ac~clc butyI alcohol (r-5 ml) or 
cyclohexanone (1.5 ml). The results obtamed are shown m Table I 

TABLE I 

VARLtTION OF COLOUR DEVELOPMENT W’ITH pH AND EXTRACTING SOLVENT IN THE REACTION OF FORMIC 

ACID AND Z-TiiIOBARBIl-URIC ACID 

Sulphurrc acrd added (m&i) Reactron pH OptIcal densuy at 450 m,u (ro-mm cuvettes) 

Cyclohexanove Acrdtc butyZ alcohol (reagent 5) 

0 02.5 

0 050 

0 07.5 
0 IO0 
0 I25 

0 150 

0 I75 
0 200 

0 225 

0 250 

9 36 0 002 

860 o 026 

7 00 0 IO7 

360 0.151 

3 I= 0 255 
2 88 0 372 
2 61 0 396 
2 45 0 395 
2 32 0 348 
2 22 o 281 

0 002 

o 056 

0 I94 
0 302 

0 424 
0 475 
0 540 
0 545 
0 465 
0 2.51 

Varzatron m co/our development 101th concentratron of r-throbarbrturrc aced - 

A solution of 2-thlobarbltunc acid (5% w/v) (adjusted to pH 5 4 with 2~ sodmm 
hydroxide to obtain complete dlssolutlon at room temperature) was diluted to obtam 
concentrations of o-5%, at intervals of o 5% By the standard procedure, solutions 
contammg 200 pg of forrmc acid were analysed with sollltlons (I o ml) of 2-ttio- 

barblturlc acid havmg different concentrations The results are recorded III Table II 

TABLE II 

COLOUR DEVELOPMENT WITH RESPECT TO 2-THIOBARBITURIC ACID CONCENTRATION IN THE REACTION 

WITH FORMIC ACID 

Concentration of z-thlobarblturlc 
acd (%I 

Optlcal density at 450 rnp (lo-mm 
cuvettes) 
Concentration of z-thiobarbltunc 

acid (%) 
Optlcal denslty at 450 rnp (IO-mm 
cuvettes) 

0 OS IO 15 20 2.5 

0 001 0 092 0 2IC 0 379 0 524 o 563 

30 35 40 45 50 5 o&lank) 

o 565 o 531 o 524 o 471 o 468 0 005 
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Variation of coiour development with heatmg tune - Solutions contaming 
200 pg of formic acid were analysed by the standard procedure, usmg heating times 
of o-60 min at ICJO“. The rate of chromophore development IS shown m Table III 

TABLE III 

VARIATION OF COLOUR DEVELOPMENF WITH ‘IThE OF HEATING IN THE REACTION OF FORMIC ACID ‘.VnH 

2-THIOBARBITURIC ACID 

Heatmgtlme (mm) z o 40 7 0 IO IZ 14 16 18 20 30 60 

Optical density at 0065 0140 0220 0290 0330 0375 0405 0445 0475 0490 0475 
450 rnp (ro-mm cuvettes) 

Cabbratzon of the method and determmatron of reproduclbihty - PortIons of 
standard formic acid solutrons, prepared from sodmm formate, contammg 0-200 fig 

of fornuc a&, were analysed by the standard procedure The optxal density of the 
chromophore developed was determmed at 450 rnp by usmg IO-mm cuvettes (capacity, 
o 45 ml) for solutions contammg 50-200 ,ug of fornuc acid, and 4o-mm cuvettes 
capacity, I 4 ml) for solutions of s-50 pg of fornxc acid The resultmg cahbratlon, 
together wth a typical absorpnon spectrum, is shown III Fig I. 

Formxc actd Cumoles) 

400 450 !so 

Wavelength (mp) 

Fig I Cabbratlon and chromophore absorpuon spectrum for the fomnc acid-2-tkobarbltunc 
acid reactlon 

Determinatron of the formrc acid released on perzoakte oxrdatron of methyl 
a-L-rhamnopyranosrde 

Cooled (2”) portlons (m duphcate) of a solution of methyl a-L-rhamnopyranoede 
(2.68 mg/ml) were treated with aqueous sochum metapenodate (40 mg/ml, o 2 ml) 
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at 2’ The oxrdatrons were termmated by the addrtron of ethylene glycol (IO% v/v, 
o 05 ml) at vanous trme mtervals The formrc acrd contents were determmed by the 
standard procedure (see Table IV) 

TABLE IV 
RELEASE OF FORhlIC ACID ON PERIODATE OXIDATION OF hIETHYL a-L-RHAMNOPYRANOSIDE 

Ttme (mm) 0 I.? 30 60 94 I20 

OptIcal density at 450 rnp (ro-mm cuvettes) o 022 0 127 0200 0 300 o 340 o 347 

Fonmc acid (pmoles) o 198 I 15 I 80 2 70 3 07 3 12 
Formic acid @moles Pmole per o 061 9 356 o 561 0842 9 956 0 975 
of substrate) 

Determrnatlon of the effect of posszble mterfermg compounds on the analytrcai 

procedure - Possrble mterfermg compounds denved from the oxrdatron of carbo- 
hydrates were tested for then action m the analytical method Acetaldehyde, form- 
aIdehyde, acetrc acrd, oxahc acrd, glyoxyhc acrd, malonaldehyde, and formylpyruvic 
acrd all gave no reactron when present m ten-fold excess, and drd not mlubrt chro- 
mophore development from formrc acrd rtself 

DISCUSSION 

In the Warren assay6 for N-acetylneurammrc acrd, the sugar IS oxrdrsed by 
penodate under acrdrc condrtrons, the excess of penodate IS converted mto rodate 
wrth sodium arsemte, and the formylpyruvrc acrd produced from the sugar IS condensed 
(by heatmg) wrth 2-throbarbrtunc acid to grve a charactenstrc red chromophore 

(I,* 549 rnp) which IS extractable with cyclohexanone Under such conchtrons, 
rt was notrced that formic acid eluates of N-acetylneurammrc acid from ion-exchange 
columns gave an addrtronal chromophore (&,,,= 450 mp), whrch was later shown to be 
derrved from formrc acid 

Tnal of the Warren6 method wrth formrc acrd standards showed only a low 
sensrtrvrty (500 Crglml gave an optrcal densrty of o 201 at 450 rnp m a do-mm cuvette) 
In addition, assay of the formrc acid hberated m the oxrdatron of methyl a-L-rhamno- 
pyranostde gave approxtmately IO times the theoretrcal colour yreld. Thrs was attrr- 
buted to the mterfermg chromophores developed from the draldehydes formed on 
penodate oxrdatron Attempted reduction of the aldehyde and draldehyde groups wrth 
sodium borohydnde, m conJunctron w&h the Warren procedure, was not satisfactory, 
smce the sodmm arsemte used to terminate the ox&&ion produced vanous coloured 
precrprtates on the addition of the sodmm borohydnde 

A tnaI cahbratlon of the assay was made usmg sodmm formate, wrth the use of 
ethylene glycol as a termmator, followed by reduction wrth sodmm borohydnde 
Although the sensrtrvrty of the method was stall low, thus procedure was satrsfactory. 
The problem of sensrtrvrty was overcome by estabhshmg the optimal throbarbrtunc 
acid concentration and heating time, and by the demonstration that chromophore 
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development was pH sensitive. The pH (a 45) selected for the assay was consrdered 
unhkely to ave nse to fomc acrd other than that already present after reductton of 
the aldehyde groups. Further improvement m sensrtrvrty was obtamed by extractron 
into acnhfied butyl alcohol, rather than cyclohexanone. Such extra&on IS necessary, 
smce precrprtates and turbidrtres were occasionally encountered on coolmg the assay 
solutrons after colour development. 

Various methods have been reported for the determmatlon of fornnc acid, 
but all suffer from several&advantages Potentrometric or other tltnmetrmmethods1-3 
use large amounts of matenal and need great care m interpretation due to the trtratron 
of other acids’ The more-senwtrve manometric method4, usmg hberatron of carbon 
choxrde from carbonate buffer at pH 5 7, 1s expenmentally d&cult to use and IS 
restncted to a narrow pH range for the penodate oxrdatron Its chref advantage hes 
m the contmous momtormg of the release of formic acrd without samplmg 

The present assay IS a sensrtrve, rehable, and Interpretable method It IS free 
from interference from other acids and aldehydes, even when these are present m a 
Io-fold excess Tlus ts partrcularly important for those stules where overoxnlatron by 
per-rod&e can occur and hrgh selechvrty (e g , formrc acid instead of oxahc acrd) is 
requrred. The method also avoids alkahne condrtrons which nnght cause hberatlon 
of for-mm acid. Besides the oxldatron of methyl a-r_.-rhamnopyranosrdes and other 
reference compounds, the assay has proved satrsfactory m perrodate-oxrdatron studres 
of polysaccharrdes 
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SuhfMARY 

A spectrophotometnc method of assaymg formrc acrd, m the range 5-zoopg, has 
been devised by using the chromophore (A,, 450 rnp) formed on heating fornuc 
acid with a-throbarbrtunc acrd under acrdrc cornhtions The method may be used to 
momtor forrmc acid productron from carbohydrates during perrodate oxidatron, 
smce any mterfermg aldehydes are reduced with solum borohyclrrde following 
termmatron of the reaction wrth ethylene glycol 
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INT.RODUCTlON 

Methyl z,3,4,6-tetra-O-acetyl-a- and -B-D-glucopyranoades, and the D-galactose 
and D-mannose analogues, are deacetylated’ under Frscher’s methanolysrs condrtrons 
to grve the methyl D-glycopyranosides In the case of methyl z,3,+6-tetra-U-acetyl- 
fi-D-mannopyranoade, consrderable anomerrsatron was observed, tiordmg 30 % of 
methyl a-D-IIIaMOpyTanOSlde We were thus prompted to undertake a more-detarled 
mvestrgation of the deacetylatron of methyl z,3,4,6-tetra-O-acetyl-D-glycopyranosides 
under condttions of methanolysts 

Prevrously, we demonstrated’ by means of paper chromatography that, m 
the first stage, all completely acetylated methyl glycopyranosrdes undergo deacetyl- 
atron, but that further transformatrons of the products are not dependent on the 
deacetylatlon process, even If the reaction IS conducted m a contlnous manner. The 
mdrvidual methyl glycopyranosrdes obtamed by deacetylatron, and free methyl 
glycopyranosrdes prepared by a chfferent route, behaved m a srmllar manner. The 
compounds mvestrgated were drvided mto two groups The first group Included 

methyl a-D-glucopyranostde and methyl a-D-mannopyranostde, both of wluch falled 
to undergo any further transformatrons under the described conditrons The second 
group mcluded methyl fl-D-ghxopyranoside, methyl QL- and @-galactopyranoslde, 

and methyl /?-D-mannopyranoslde, formatlon of the correspondmg furanoslde was 

observed2 m each case 
The present mvestrgatlon was aimed at determmmg whether, under condltrons 

of methanolysts, the methoxyl group of methyl hexopyranosrdes was completely 
spht off, apart from the prevtously reported reacttons’ (formatron of methyl glyco- 
furanostdes, anomensatlon of methyl glycofuranoades, and marked anomerisatlon 
of methyl B-D-manm pyranosrde) The problem IS more mterestmg, smce the com- 
pounds mvestrgated do not exhibit rdentrcal patterns of behaviour Demonstratron of 
methoxyl group mobihty m the unreactive methyl o-hexopyranoside could largely 
elucrdate the mechamsm of methanolysrs m the mvestrgated glycosrdes; methoxyl 
group moblllty may be conveniently studied by conductmg methanolysls in 14C- 
labelled methaLIo1. 
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of stamuc &oxrde served as cathode The tungsten anode had a drameter of 40 p 

The capacity of the counter was 160 ml, active length, 130 mm 

Before bemg fXIed wrth the gas under mvestrgatron, the counter was pumped 

out to the pressure of 4x row4 mm. It was then filled wrth a mrxture of 20 mm of 

n-hexane and 60 mm of carbon droxrde (totaI pressure, 80 mm) Measurements were 

made mthm the Geiger region, at a tensIon of 2,500 volts The length of the plateau 
was 600 volts, its slope &d not exceed 2% per IOO volts The background was about 

45cpm 
An extmctron system was apphed for ehmmatmg multrple counts, It served to 

produce an eIectnc impulse extmgmshmg discharges m Geiger-Muller counters 

A modified model of the Herman-Renker extmctton system was used 

DISCUSSION 

In the process of isotope exchange, as applied m the present investigation, 

the methoxyl group IS replaced by a “C-contarmng methoxyl group When the exchange 

process IS conducted m acidic medium, the sumlanty to hydrolysis IS emphasrsed 

The formatron of ion A is characterxstlc of the sphttmg of an acetal with acrd 

The further course of the reaction IS dependent on the medium It may proceed by the 

additton of a molecule of water to ion A and ultimately lead to hydrolysis of the acetal 
On the other hand, by the add&on of an alcohol molecule, the acetal is re-formed, 

m the presence of labelled alcohol, an exchange takes place 

OCH3 OCH3 OCH3 0CH3 

1’ / ‘/ / 
R-C-H + R-C-H + R-C-H + R-C-H 

\ \ \ 
OCH3 +OCH3 (4 OH 

I 
H 

In the hydrolyses of glycosldes, two reaction pathways, namely through the 

cychc eon B or the acychc Ion C, have been ducussed4. In vrew of the low stability of 

the hydrolysis products m acidrc medium. it is difficult to prove expenmentally 

which reaction mechanism 1s involved 

+ -0. 
H_ - - 

H+ (81 
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On methanolysrs in “Glabelled methanol contarmng I % of hydrogen chloride, 
methoxyl group exchange occurred m all of the methyl D-hexopyranosides studied 
(see Table I). Hence, loss of the lmtial methoxyl group and formatron of the cychc or 
acyclic ion had occurred Smce anhydrous, 14C-labelled methanol was used, hydro- 
lys~s was precluded, and the Ions (B or C) could only recombme with labelled methoxyl 
ion, thus affording the ra&oactrve methyl D-hexopyranoade 

H’ 

As prevrously mentroned, the compounds mvestrgated could be dtvrded into 
two groups Compounds (methyl a-D-glucopyranoside and methyl a-D-manno- 
pyranoside) included4, m the first group were apparently mactrve dunng methanolysis 
Compounds (methyl /?-D-glucopyranoside, methyl a- and /I-D-galactopyranosrdes, 
and methyl fl-D-mannopyranosrde) of the second group were partly transformed mto 
the correspondmg methyl hexofuranosrdes on methanolysis Under these conditions, 
Isotope exchange occurred m both groups of compounds 

When consrdermg the results of the previous chromatographrc analysts and the 
isotope exchange expenments, rt appears that, m the first group of compounds, the 
exchange mvolves the cychc Ion B, whereas, for the second group of compounds, 
the formatton of furanose forms suggests that the acychc ion C must also be taken 
into account 

Unhke hydrolyses, isotope exchange mvolves relatively stable products, and 
study of the reactron mechamsm IS srmphhed If the results of our rsotope-exchange 
investigations are apphed, as 1s reasonable, to hydrolyses, It appears that there is not 
a common reaction mechamsm for hydrolysrs of all methyl D-hexopyranostdes 

The differences between indrvrdual glycosides as to the extent of exchange of 
a- and /I-D anomers may be explained in a snmlar manner as in the hydrolytic process 
The exchange is more extensive m jl- than m a-D anomers because, in the predomma- 
tmg charr conformation of the 8-D anomer, the C-X methoxyl group adopts the more- 
exposed equator& orientation 

On methanolysis, methyl D-D-mannopyranoside undergoes substantial 
anomerisation, and the methyl a-D-mannopyranoside so obtained m the presence of 
labelled methanol was ca To-Dmes more radloacttve than the other compounds Thts 
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may be explamed rf anomensatron proceeds by a complete, or almost complete, loss of 

the methoxyl group and attachment of a radxoactive methoxyl group to a compound 

of drfferent configuratron Smce only a fraction of the glycosrde molecules partictpates 

m exchange wtthout anomensatton, the acttvrty IS smaller than m the case of a product 

obtamed as a result of anomensatron 

SUMMARY 

Methyl a- and /3-D-hexopyranostdes, as well as methyl z&3,4,6-tetra-O-acetyl- 

a- and -b-D-ghrcopyranosrdes and the D-galactose and D-mannose analogues, were 

heated in 14C-IabelIed methanol contammg I % of hydrogen chlorrde Exchange of the 

methoxyl group occurred under these combtrons, the acetates were also deacetylated 

According to chromatographm analysts and the extent of isotope exchange, the glyco- 

sides investrgated were drvtded mto two groups The first gruup included methyl 

a--D-glucopyranoade and methyl a-D-maMOpyDUtOSlde, for which exchange proceeds 

probably by way of a cychc carbonmm ion. The second group includes methyl 

j&D-ghtcopyranosrde, methyl a- and P-D-galactopyranosides, and methyl B-D- 

mannopyranosrde, forwhrch the exchange mechanism probably mvolves an acychc ion 
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INTRODUCTION 

Durmg stu&e$ -4 of sequentral enzyme mductlon with Klebstella aerogenes 

(NCIB g47g), a wide range of rnduclble glycosldases has been reported Thus, methyl 
a-L-rhamnopyranoade induced an a-L-rhamnosldase and methyl @-rhamnopyra- 
noside induced a fl-r_-rhamnoedase With both enzymes, the inducers were also 
substrates, whereas the glycoslde of opposite anomenc configuration was not attacked 
Both rhamnosulases were sequentially induced by the CL- and then the fl-lmked L- 

rhamnose residues m Type II Pneumococcus polysacchande, which also served as a 
substrate for both enzymes The ablhty to attack both monomer and polymer sub- 
strates appears to be a general feature of the Induced glycosldases from Klebsiella 

aerogenes For structural studies, It was Important to ascertam the pomt of lmkage 
speclficlty of such Induced cc- and fi-glycoadases, and so a model study has been 
undertaken to demonstrate (a) the range of cc- and fi-lmked D-glucose carbohydrates 
capable of mducmg an a- or B-D-glucosidase and (b) the spectrum of speclficlty of the 
glucosldases so Induced. 

EXPERIhENTAL 

All mcubatlons were carried out at 37” 

Standard method of mductron - Resuspended cells of K aerogenes, prepared as 
described prevlously4 were used to maculate mductlon umts of media (50 ml) conslstmg 
of KH2P04 (4 7 g), (NH4)$04 (2 o g), MgS04 7H,O (o 2 g), and succ~mc acid 
(6 o g) m one htre of aqueous solution adjusted to pH 6 8 with potassium hydroxide 
A solution of mducer (12 5 mg/ml, I ml) was added to separate so-ml cultures (x 2) 

The cell suspensions were added m such volume as to gve a cell concentration of 
o 3-o 5 mg/ml at 650 rnp (ro-mm cells) 

After mcubatlon for 24 h at 37”, a further addltlon of Inducer was made at the 
same level of concentration, and growth was allowed to contmue for a further 24 h 
at 37” The cells were removed by centnfugatlon at z”, and the supematant solution 

was dxalysed agamst phosphate buffer (o 02~4, pH 6.5, 3 x roe volumes) The non- 
chalysable fraction was concentrated (IO-fold) by ultraCltratxon, and stenhsed by 

membrane filtration 
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Glucosrdases Induced by maltose and cellobrose. - The specificity of glucosidases 
Induced by maltose and cellobrose (the standard method of mductron for 48 h) 
was determmed by mcubatmg solutrons (o 5 ml) of the enzyme preparations and o 02~ 

phosphate buffer (pH 6 8) wrth maltose (200 ,ug, I ml), cellobrose (200 pg, I ml), 
and methyl &maltoside (500 pg, I ml) For quantitative analyses (Table I), the D- 

glucose content of a portron (o 2 ml) was determined by employmg D-glucose oxrdase6 
The reducing power, as compared with a heat-denatured enzyme control, was deter- 
mined’ on portions (o 2 ml) which were diluted to I ml Wrth second preparations 
of both enzymes assayed usmg more concentrated solutrons of substrates (2 mg/2 ml of 
drgest), the percentage conversrons mto D-glucose after 6 h wrth various substrates 
were maltose, rg 3%; methyl fl-maltoside, 23 3%, xsomaltose, 7 14x, aa-trehalose, 
40 4%, and methyl a-D-glucopyranosrde, 15 3 % (with the or-D-glucosidase induced by 
maltose), and cellobrose, 21 8 %, methyl /I-D-glucopyranoslde, 17 5%) and lamma- 
nbrose, 8 3% (wrth the 8-Dglucosrdase induced wrth cellobiose) Maltose alone was 
obtamed (17 I oA conversron) from methyl fi-maltosrde and the fl-D-glucosrdase 
Methyl a-D-marmopyranoside was not a substrate for a-D-glucosidase, and methyl 
&D-galactopyranoslde was not a substrate for /?-D-glucoslclase 

TABLE I 

SPECIFICITY OF GLUCOSIDASES INDUCED BY MALTOSE AND CELLOBIOSE 

Substrate Inducer Conversron (%) mto D-&CO&? at 

2 h 6h 24 h 

MaItose Maltose 22 3 37 2 38 1 
Maltose Celloblose o 0 0 

Celloblose Celloblose 27 2 56 2 56 2 
Celloblose Maltose 0 0 0 

Methyl /3-maltoslde Maltose 18 6 70 o 72 o 
Methyl B-maltoslde Celloblose 20 8= 28 6a 49 I” 

WonversIon (%) mto maltose, assayed by the Nelson7 method, no reactlon with o-glucose oxldase 

j?-D-Gbxoszdase Induced by methyl &maitosrde - Ahquot portions of a cell 
suspension were removed at I, 6,24 and 48 h from a standard mduction usmg methyl 
/3-maltosrde as an Inducer. The glucosrdase actrvuy m the centnfuged, dialysed 
supernatant solutions at these times was assessed by incubation m a digest (2 ml) 
contarmng 200 ,ug of substrate, o 02~ phosphate buffer (pH 6 8, o 5 ml), and enzyme 
solutron (o 5 ml) The results are grven m Table II With a second preparation of the 
glucosulase obtained after mductron for 24 h with methyl j%maltosrde, a range of 
carbohydrates was exammed (Table II) as substrates at a concentratron of I mg/2 ml 

of digest Neither methyl a-D-manuopyranoslde nor methyl j?-D-galactopyranoslde 
(200 pg/2 ml of drgest) were substrates for the fi-D-glucosrdase 

a-D-Glucoszdase induced by aa-rrehalose - The enzyme induced by aa-trehalose 
after 24 h was examined with a range of substrates at 2 mg/2 ml of digest aa-Trehalose 
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itself was converted into D-glucose (47 60/,), but maltose, methyl a-D-glucopyranoslde, 
isomaltose, and methyl j3-maltoslde were unattacked. 

TABLE II 
SPECIFICITY OF GLUCOSIDASE INDUCED BY hlJZl-HYL /%hfALTOSIDE 

Substrate InductIon tune (h) Conversron (“/.) mto malrose af 

2h 6h 24 h 

Methyl b-maltoslde (zoo ,ug/2 ml) I 19 I 95 
- 6 ;; 15 I 164 
- 24 aa= 16 7= 167 
- 48 0 0 0 

Methyl /Lmaltoslde fl mg/z ml) ~4 6 2= 21 14 22 9= 

Conuersron (%) into D-glucose at 

ah 6h wh 

Cellobiose 24 48 14 3 14 3 
Maltose 24 0 0 0 

Methyl /3-D-gfucopyranoslde 24 - 24 7 - 

=No reactlon with D-glucose oxldase 

a-and &D-Glucosldase mduced by isopropyl a-cellobroside -The enzymes induced 
by isopropyl a-celloblonde after mductlon for 24 h by the standard method were exam- 
med with a range of substrates at 2 mg/2 ml of digest The percentage conversion mto 
o-glucose after a 6-h mcubatlon w&h the enzyme solution was IO 7% kvlth isopropyl 
a-celloblonde itself, 5 2% with maltose, 28 6% vvlth aa-trehaIose, 4% kvlth celloblose, 
and 6% urlth methyl /3-maltoslde These conversions were assayed urlth D-glucose 
oxldase6 With the Nelson reagent’, the total percentage “apparent” conversions 
expressed as D-glucose were I I 2% with isopropyl a-celloblowde and 9 2% v&h 
methyl /I-maltosxde. 

Other attempted mductrom - Neither methyl a-D-glucopyranoside nor phenyl 
a-cellobioslde acted as Inducers The possible substrates assessed were methyl a-D- 
glucopyranoslde and lsomaltose with the former, phenyl a-cellobioade and celloblose 
withthelatter, and aa-trehalose, methyl /I-maltoslde, and maltose mth both glycosldes 

Controlmcubations.--Cells obtained by gomg through the procedure of mduc- 
tlon wthout addition of any carbohydrate inducer were fragmented in a Mickle Tissue 
Drsmtegrator The resulting, centrifuged enzyme extract had no action (assessed by 
D-gluco$e oxldase) on maltose, celloblose, methyl /I-maltoade, methyl a-D-gluco- 

pyranosrde, or aa-trehalose Neither the active cz+rhamnosldase prepared by mduc- 
tlon mth methyl cc-r_-rhamnopyranoside, nor the active fi-L-rhamnoadase prepared 
by induction with methyl #?-t-rhamnopyranoside, had any action on maltose or 
cellobiose 
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glucosnlase induced by cellobtose had no a-D-glucosidase or fl-D-galactostdase 
actlvtty, but hydrolysed the fi-D-glucosidtc hnks m methyl /3-maltoside, celloblose, 
methyl @-ghtcopyranoslde, and lammarrbtose A specific a-trehalase was induced 
by aa-trehalose. thts did not attack other a-D-glucosidic links Whereas methyl 
/3-maltoslde induced only a P-D-glucosnlase, isopropyl a-celloblonde induced both 
an a- and j?-D-glucosrdase Methyl cl-D-glucopyranostde and phenyl a-cellobrosrde 
were not mducers 
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Notes 

A comparative study of some animal brains with regard to 

content of acidic mucopolysaccharide 

Acrdtc mucopolysaccharrdes are found m ammal body flu& and m a great 
varrety of ammal organs’, connecttve trssue contams relatrvely large proportrons2 
of these substances Their precise btologrcal functton IS still not certain, and it was 
thought that mformatron on this role rmght be obtamed from a study of mucopoly- 
saccharide dlstnbutron 111 organs, such as the brain, which have a low content of 
polysacchande but whrch have bJochemlcally rmportant functtons The present work 
describes a comparattve study of acldtc mucopolysacchandes Isolated from bovme, 
Japanese monkey (Macaca fuscata yabur), pig, and rabbrt brams 

EXPERIMENTAL AND RESULTS 

Fresh, whole brams were kept frozen and ground m a meat grmder. The mixture 
was suspended m water and digested for 48 h wtth Prcnase-P (45,000 p-u k /g) at 
pH 7 o m the presence of toluene at 50~ The rsolatton and punficatton of acnhc muco- 
polysaccharrdes were carried out according to Meyer’s procedure2; the yrelds were 
o 07 to o 22% of fresh trssue, in good agreement wrth reported data3-5. The rmxed 
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glucosnlase induced by cellobtose had no a-D-glucosidase or fl-D-galactostdase 
actlvtty, but hydrolysed the fi-D-glucosidtc hnks m methyl /3-maltoside, celloblose, 
methyl @-ghtcopyranoslde, and lammarrbtose A specific a-trehalase was induced 
by aa-trehalose. thts did not attack other a-D-glucosidic links Whereas methyl 
/3-maltoslde induced only a P-D-glucosnlase, isopropyl a-celloblonde induced both 
an a- and j?-D-glucosrdase Methyl cl-D-glucopyranostde and phenyl a-cellobrosrde 
were not mducers 
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Notes 

A comparative study of some animal brains with regard to 

content of acidic mucopolysaccharide 

Acrdtc mucopolysaccharrdes are found m ammal body flu& and m a great 
varrety of ammal organs’, connecttve trssue contams relatrvely large proportrons2 
of these substances Their precise btologrcal functton IS still not certain, and it was 
thought that mformatron on this role rmght be obtamed from a study of mucopoly- 
saccharide dlstnbutron 111 organs, such as the brain, which have a low content of 
polysacchande but whrch have bJochemlcally rmportant functtons The present work 
describes a comparattve study of acldtc mucopolysacchandes Isolated from bovme, 
Japanese monkey (Macaca fuscata yabur), pig, and rabbrt brams 

EXPERIMENTAL AND RESULTS 

Fresh, whole brams were kept frozen and ground m a meat grmder. The mixture 
was suspended m water and digested for 48 h wtth Prcnase-P (45,000 p-u k /g) at 
pH 7 o m the presence of toluene at 50~ The rsolatton and punficatton of acnhc muco- 
polysaccharrdes were carried out according to Meyer’s procedure2; the yrelds were 
o 07 to o 22% of fresh trssue, in good agreement wrth reported data3-5. The rmxed 
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mucopolysaccharldes Isolated from pug bram showed a strong absorptron at 260 rnp 
due to nuclerc acid contammatlon Puticatlon was therefore camed out on a column 
of DEAE-Sephadex A-25, essentially accordmg to Schrmdt’s method6 A typlcal 
elutton-dragram IS shown in Frg I The appropnate fractrons were dialyzed agamst 
runrung water for z days and then precrprtated as caicrum salts wrth two volumes of 
ethanol from solutrons whrch contained 5% of calcrum acetate and were o 5 N wrth 
respect to acetrc acrd. The mrxed, acidic polysaccharrdes isolated from the bovme 
and monkey brams were fractronated wrth ethanol’. The usuai rsolatron procedure 
could not be apphed to the rabbrt bram because no precrprtates were produced by 
addmon of two volumes of ethanol Therefore, the solutron contammg mucopoly- 
saccharides, whrch had been obtained after the Sevag treatment, was dralyzed agamst 
runrung water for 3 days, and then the soiutron was concentrated in ZKZCUO The result- 
mg syrup was poured mto a large volume of acetone to grve an amorphous precrprtate 
whrch was drssolved m a small volume of water Insoluble materials were removed by 
centnfugatron, and the supematant solution was added to a large volume of acetone 
to produce a precrprtate The punficatron procedure was repeated three trmes more 
The correspondmg fractron was also obtained from the monkey and rabht brams, but 
the carbohydrate content was less than 6% (see Table I) 

Charactenzatron was carned out on the basis of analytrcal results and infrared 
spectra Samples I and 5 were drgestrble wrth testicular hyaiuromdase, and paper- 
chromatographrc exammatron of the product revealed ohgosaccharrdes whrch corre- 
sponded to those produced from hyaluromc acrd of umbrhcai cord’. In adduron to the 
evrdence mentloned above, the 1 r spectra of samples I and 5 showed no absorption 
for S=O vrbratron, and the ammo-sugar component was z-ammo-2-deoxy-D-glucose, 

0100. 

Fraction number 

Fjg I Fractlonatron (DEAE-Sephadex A-25 column) of the inuced, acldlc mucopolysaccharldes 
Isolated From pig bram The sample (20 mg) dissolved m water (2 ml) was added to the top of a 
DEAE-Sephadex A-25 (CI- Form) column (2 x 18 cm) and eluted with sodium chlonde (stepwse 
gradlent From o I hi) Fractions (5 ml) were taken at the rate of about I ml/mm Each fraction was 
analyzed for uromc acid at 660 rnp wuh the carbazole methodI ( ), For hexosamrne at 
530 rrq with the Elson-Morgan methodls, and for nucleic actd at 260 rnp (- - - - -) The 
analytical pattern For hexosamme was slmdar to that For uromc acid 
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TABLE I 

ANALYTICAL DATA FOR ACIDIC MUCOPOLYSACCHARIDES ISOLATED FROM SOhE ANIMAL BRAINS 

Bram Mefhod of Uromc acid (%)b Hexosamrne (%)” Hexosed Iv(%) S(%) 

fraclzonat~on0 (%) 
Carbazole Orcmol 

I 

2 

3 

4 

5 
6 

ii 

bovine 30 % ethanol 

bovme 35% ethanol 
bovme 40 % ethanol 

monkey 30% ethanol 

monkey 40% ethanol 26 4 
P% o 8~ NaCl 23 4 
Pllz I OM NaCl 25 2 
rabbit acetone 264 

40 6 

35 5 
37 5 

20 5 

29 0 36 5 (GN + trace 
of GalN) 

22 I 26 o (GaINI 
22 0 28 6 (GalN) 

17 3 (GalN + trace 
of GN) 
216 (GN) 

16 g 20 3 (GaW 
18 o 17 7 (GalNIl 
13 8 29 3 (Gall% 

3 84 094 

2 89 s 36 
2 80 5 65 
420 +e 

340 - 
69 413 A- 
69 367 +- 
67 2 93 + 

=For orlgms of these fractions, see text (all samples were analyzed as the Ca saIt) Wromc acid 
was determmed by the carbazole’s and orcmolts methods, and calctdated as D-glucuromc acid 
CHexosamme was determmed by the Elson-Morgan methodIT, and calculated as z-ammo-z-deoxy- 
D-glucose The nature of hexosamme was determmed by converslon mto the correspondmg pentose 

together wnh a trace of 2-ammo-2-deoxy-D-galactose Samples I and 5 were thus 
characterized as hyaluromc acid 

Samples 2, 6, and 7 showed I r absorption for S=O (strong) and C-O-S 111 
axial orientation (weak)‘. The only ammo-sugar component was 2-ammo-2-deoxy-D- 
galactose Thus, samples 2, 6, and 7 are identified as chondroitmsulfunc acid A 
(chondroitm 4-sulfuric acid) The existence of 6 9% of hexose m samples 6 and 7 
indicates the presence of other substances m the fraction Samples 3,4, and 8 showed 
1 r absorption for S=O (strong) and C-O-S in equatorial orientation (weak) The 
ammo-sugar component of samples 3,4, and 8 was 2-ammo-%deoxy-D-galactose, but 
a trace of 2-ammo-2-deoxy-D-glucose was present in sample 4 Samples 3,4, and 8 are 
believed to be chondroitmsulfunc acid C (chondroitm 6-sulfuric acid) It IS considered 
that sample 4 may be contammated with hepann or hepantmsulfate, or both, from 
the evidence given by the positive specific rotation and by the presence of trace 
amounts of 2-ammo-2-deoxy-D-glucose Table II shows the distribution of acuhc 
mucopolysaccharides m some animal brams 

Hyaluromc acid was found m the bovme and monkey brams, but not m the pig 
and rabbit brams. Chondroitmsulfunc acid A was found in the bovme and pug brams, 
but not m the monkey and rabbit brams Chondroitmsulfuric acid B was not found 
in any of the brams exarmned This was confirmed by uromc acid analyses, with the 
carbazole and orcmol methods, of the samples which showed r r. absorption for axial 
C-O-S Chondronmsulfuric acid C was found in the bovine, monkey, and rabbit 
brains, but not m the prg brain. The acuiic mucopolysaeeharide isolated from rabbit 
bram was characterized as chondroitmsulfunc acid C. In addition to these acuhc 
mucopolysacchandes, other substances were present m the fractions isolated from 
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-62 

-33 
-25 
+I0 

-20 

-17 
-7 
--I3 

OH coo- s=o c-o-s Phase 

325-3350(S) 1610-1640(s) - - KBr 

33~34OO(S) 161o-1670(s) 122~1280(s) W(w) KBr 
32oo-335o(s) 159o-1670(s) x220-1280(s) 825(w) KBr 
3300-3400(s) 1640-1680(s) 1220-1240(s) 830(w) NUJOI 

3I~3300(s) 1620-1660(s) - - 

3300-3400(S) 1600-1660(s) 1220-1260(s) 860(w) 

3000-3500(S) 1560-1680(s) 1220-1280(s) 850(w) 
3200-3400(s) x600-1660(S) 1220-1260(s) 830(w) 

NUJOI 
NUJOI 
NUJO~ 
NUJOI 

denvatlvels GN, 2-ammo-2-deoxy-D-glucose. GalN, 2-ammo-2-deoxy-D-gallactose dHexose was 
determmed by the anthrone methodlg, and calculated as D-galactose Qome fractions were not 
determmed quantltatlvely, and the presence of SO4- group was confirmed from the I r spectrum 
fs, strong, w, weak 

bovine, monkey, and pig braIns g-11. Th ese substances contamed carbohydrates 
(g-22%) and N (7-12x), the 1.r. spectra showed weak or moderately strong S=O 
absorptton It thus seems that these may be mixtures connunmg other substances, 
such as sulphohprds Therefore the substances were not consrdered as acrdrc muco- 
polysaccharides 

TABLE II 

THE DISTRIBUTION OF ACIDIC MUCOPOLYSACCHARIDES IN SOME ANIMAL BRAINS (%)‘= 

Brarn Experrmenr No Hvabuomc acrd Chondrortmsulfunc ands 

A c 

Bovme 4 I9 61 20 

Monkeyb I 78 - 23 
p1g 2 - 100 - 
RabblF 2 - - IO0 

“The ratlo of each of the amounts of hyaluromc acid, and chondroltmsulfurlc acids A and C to the 
total amount of acldlc mucopolysacchandes Isolated from the correspondmg ammal bram 
bObtamed from a male, adult monkey 
CObtamed from male rabbits, aged 8-12 months 

No agmficant differences with regard to sex were observed with the content 
and nature of acnhc mucopolysacchandes for bovme bram Our analytrcal results for 
bovme bram are in good agreement with reported data4, although the presence of 
chondroltmsulfunc acid C was not prevtousIy recogmsed The acuhc mucopoIysaccha- 
ndes rsolated from sheep and rat brains consisted of hyaluromc acid, chondroitm- 
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sulfunc aced A, and heparm or chondrolhnsulfunc acid C, together with a trace of 
chondroltmsulfunc acid B or hepantinsulfunc acid l2 It IS of Interest to note that 
human bram contains mamly hyaluronic acid (15-60x) These data mchcate that 
there IS a pattern for the dlstrlbutlon of acidic mucopolysacchandes m ammal brsms, 
wluch IS charactenstlc for the specres as well as for some diseases Further stu&es on 
other animal brams, and estabhshment of the analytlcal method, ~11 be necessary 
to confirm these observations Also, the age of ammals may be of slgmficance m 
relation to the &ffenng Istnbution of acl&c mucopolysacchandes 
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The synthesis of D-rrbose-3-t 

Blakley and Barker ln2 demonstrated that (5-deoxyadenosyl)cobalamm (coenzy- 
me B12) IS required as a cofactor for the e-c reduction of ribonucleoslde tnphos- 
phates to z-deoxynbonucleoslde tnphosphates by cell-free extracts of Lactobaczllus 

Zezchmannzz. This reachon may be vlsuahzed3 as a doldehydrase type of reactxon of the 
nbonucleoade to the correspondmg 2-deoxy-3-pentulonucleotide, followed by a 
reduction to the 2-deoxynbonucleotide Dunng the conversion, by the dloldehydrase 
reaction, of r,z-propanedlol into proplonaldehyde, the hydrogen atom that replaces 
the secondary hydroxyl group of the d101 does not come from the solvent, but IS one 
of the hydrogen atoms hnked to C-I of r,a-propanedlol. If a smular transfer of 
hydrogen occurs dunng the nbonucleotxde reductase reaction, it would be expected 
that the hydrogen atom lmked to C-3 displaces the hydroxyl group on C-2. Thus, 
one of the hydrogen atoms hnked to C-2 of the 2-deoxynbonucleotide would have 
been derived from the hydrogen atom lmked to C-3 of the nbonucleotide. The 
expenmental venf?cation of such a mechanism requires the synthesis of nbonucleotrdes 
labeled with tnhum or deutenum at C-3 

Thrs commumcation describes the synthesis of D-nbose-3-t from 1,2 5,6-&O- 
Isopropyhdene-a-D-glucofuranose (1) Compound 1 was oxuhzed to 1,2 5,6-dl-O- 
isopropyhdene-a-D-rzbo-hexofuranos-3-ulose (2) with methyl sulfoxzde and acctxc 
anhydnde as described by Sowa and Thomas4 Reduction of 2 with solurn borohy- 
dnde-t afforded 1,2 5,6-dl-0-isopropyhdene-a-D-allofuranose+z(3) Selectiveremoval 
of the 5,6-0-isopropylrdene group with mmeral acid yielded r,2-O-rsopropyhdene-a- 
D-allofuranose-3-r (4) Compound 4 was oxrdrzed wrth sodmm penodate to 1,2-O- 

Isopropyhdene-a-D-rrbo-pentodlaldo- r,4-furanose-3-t (5) Reduction of 5 with sodium 
borohydride to I,2- 0-isopropyhdene-a-D-nbofuranose-3-t (6), followed by mzld hydrol- 
ys~s wrth aced, yielded D-nbose-3-t (7). 

In the present study, zt was found thatremoval of the 5,6-0-rsopropyhdene group 
from 3 with o 15~ sulfuric acid IS vutually complete after 2 h at room temperature 
That both of the aopropjhdene groups are not hydrolyzed under these condrhons 
is mdicated by the fact that only a trace of D-allose IS hberated Hydrolysis wzth o 15~ 
sulfunc acid for 22 h, as described by Schrmdt’for the preparatronof r,2-O-zsopropyl- 
idene-a-D-glucofuranose, yrelds a mixture of D-allose (53 %) and r,2-O-lsopropyhdene- 
a-D-allofuranose (47%) 

EXPERJiGENTAL 

Sodrum borohydnde-t (100 mc, 26 mg) was purchased from New England 
Nuclear Corporatron Hexamethyldrsrlazane was obtamed from Apphed Science 
Laboratories, Inc , and chlorotnmethylsrlane from Aldnch Chemrcal Company, Inc 
Compound (1) was prepared by the method of Schnudt’ 

Infrared absorptron spectra were detennmed with a Perkm-Elmer Model 52 
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spectrometer Radtoactrvny was measured m a Packard Model 3003 Tri-Garb liquid 
scmtrllatron spectrometer. Aqueous samples were counted in the scmtrllation solvent 
of Bray6, the counting efficiency was 36% For gas chromatographyofthetnmethylsrlyl 
derrvatives’, an AerographHy Fr Model 600-D wrth ahydrogenflame lomzatrondetector, 
manufactured by Wrlkens Instrument and Research, Inc , was used The 5-ft column 
was packed wrth 10% poly(ethylene glycol sebacate) on Gas-Chrom Q supphed by 
Apphed Science Laboratones, Inc. S&a gel (0.05-o 20 mm), Merck, was used for 
column chromatography. Meltmg points were taken on a hot stage eqmpped with 
a mtcroscope, and are not corrected 

1,~ 5,6-Di-0-zsopropylrdene-a-D-aZZofzranose-3-t (3) - A solution of 5 o g (19.7 

mmoles) of 2 in 200 ml of 70% (v/v) ethanol was adJustedto pH 8 with N sodium hydro- 
vlde The solutronwascooled, and treated with 26 mg ( IOO mc) of sodmm borohydrtde-t 
After I h, 5.8 g of sodmm borohydnde was added, and the reactron was allowed to 
proceed for an addttronal30 mm The reactton mixture was then poured mto 300 ml 
of water and extracted wrth ethyl acetate (8 x 200 ml) The combined extracts were 
dned with sodium sulfate, and concentrated to a syrup (5 4 g) The desired product 
was crystalhzed from benzene-petroleum ether (2 5 g, 49% yreld), m p 72-75” 
(lit 4, 77-78”), specific actrvity, 3 64 pc/pmole 

I,2-0-~sopropy~zdene-a-D-afiofuranose-3-t (4) -A solution of 2 og (7 4 mmoles) 
of 3 m IO 4ml of methanol was treated with IO 4 ml of o 3~ sulfur-m acrd, and allowed 
to stand for 2 h at room temperature Gas chromatography of the trrmethylsrlyl denv- 
atlves of the products of hydrolyses showed 4, and traces of D-allose and 3 The solution 
was neutralized with banum carbonate, and the suspension was boiled, and filtered 
through Cehte The filtrate was evaporated under dunhushed pressure to a syrup, 
which was crystalhzed from methanol-ether, yreld I 4 g (87%), m p 130-132~ (ht ‘, 

133-13&), Sp~ClfiC aCtiVlty, 3 65 pC/jmOk 

r,z-O-Isopropylrdene-a-D-nbo-pentodzaldo-I,4-furanose-3-t (5) - A solutron of 
I 2 g (5 55 mmoles) of 4 m 12 ml of water was treated wtth 12 ml of o 5 M sodium 
penodate, and allowed to stand for 8 h at room temperature Approximately IOO ml 
of methanol was added, and the solutron was kept overnight at - 10~ Sodium lodate, 
whtch had crystalhzed out of solution, was filtered off, and the filtrate was evaporated 
to dryness under dmumshed pressure The resrdue was drssolved m a small volume 
of methanol, the solutron was filtered to remove a small amount of sodium rodate, and 
the filtrate was evaporated to a syrup (I -3 g) Gas chromatography of the tnmethylsrlyl 
denvative showed that the product contained only a trace of rmpunty 

i,2-0-lsopropyfzdene-a-D-nbofuranose-3-t (6) -To I 3 g of 5 dissolved rn 25 ml 
of 70% (v/v) ethanol, was added o 5 g of sodmm borohydnde After being kept for 
I h at room temperature, the solutron was neutrahzed by adding Rexyn RG-57 (H ‘) 
The mtx:ni e was filtered, and the filtrate was evaporated to dryness The residue was 
dissolved m 15 ml of methanol, and the solutton was evaporated to dryness to remove 
methyl borate, this procedure was repeated twrce The resrdue was crystalhzed from 
benzene-petroleum ether; yreld o 733 g (69%), m p 86-88” (ht g, 8687O), specrfic 
actnnty 3 67 pc/,umole 

Carbohydrate Res , 3 (1966) 239-241 



NOTES =4r 

In a subsequent preparatron, the mother hquor was evaporated to dryness, the 
residue was dissolved m benzene-methanol (9-1, v/v), and the solu.tion was apphed 
to a column of dry silica gel (30 g) Elutron wrth benzene-methanol (g I, v/v) and 
crystalhzatran from benzene-petroleum ether gave an addrhonal crop of 6, to rarse the 
yreld to 92% 

D-&bUSf?-3-t (7) - To a saluhon of o 67 g (3 5 mmoles) of 6 m 20 ml of methanol 
was added 20 ml of o 3~ sulfunc aced, and the reachon nnxture was heated for 2 h 
under reflux. The solutron was then neutrahzed wrth barmm carbonate, and the sus- 
pension was filtered through Cehte The f&rate was evaporated under dnnimshed 
pressure to a syrup (o 54 g); on gas chromatography of the tnmethylsrlyl denvatrves, 
the retenhon trmes were rdentical wrth those of the tnmethylsr lyl denvatrves of authen- 
trc D-nbose 

Treatment of the product wrth methanol and sulfuric acid, as described by 
R. Barker and Fletcher”, afforded crystalhne methyl /i-D-nbofuranosrde-3-t m hrgh 
yreld 
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The action of /I-amylase on some unusual oligosaccharides 

&Amy&e catalyzes the stepwise hydrolyses of maltose from the nonreducmg 
end of a malto-ohgosacchande The nature of its action on natrve-starch fractrons and 
on ohgosacchandes has been summamd by FrenchI. More recently, Thoma and 
Koshlandz have reported on extensive studres of its actrons on methyl a-malto- 
ohgosaccharides 

Cbenncally motied amyloses have also been used as substrates for /3-amylasej 4 
The action of the enzyme on such polymers, In whzch one or more of the D-glucose 
residues has heen modrfied, could yield mformatron on the nature of those substrate 
groups that are necessary m the bmdmg or hydrolysis steps The present mvestr- 
gatzon is concerned wzth the action of cryscaihne, sweet-potato /?-amylase on some 
low molecular-werght ohgosacchandes contarmng one pyranoszde moretywhrch drffers 
slightly from a o-glucopyranoside residue These molecules are shown m Frgure I 
The trrsaccharrde lb lacks the hydroxymethyl group on C-5 of the methyl a-D-PyranO- 

srde resrdue Tetrasaccharide 2b lacks the same group The tetrasaccharrde 2c has a 
methyl a-deoxy-a-D-arabizzo-hexopyranosrde residue A pentasaccharrde, methyl 
O-a-maltotetraosyl-(1~4)-2-deoxy-a-D-ar~~-hexopyranonde, was also used as a 
substrate for the crystalline enzyme 

RESULTS AND DISCUSSION 

The action of crystallme, sweet-potato /3-amylase on small samples of 2b and 
2c was observed by examimng thin-layer chromatograms of the reactron mrxtures 
Both of these products were completely hydrolyzed to maltose and the respectrve 
methyl O-a-D-glucopyranosyl-( r -+4)-a--D-aldopyranosrde The pentasaccharrde methyl 
O-a-D-maltotetraosyl-(1 +$a-deoxy-&-D-az&abmo-hexopyranosld liberated maltose 
and the tnsaccharzde lc When the concentration of enzyme was increased by a 
factor of one hundred, the Ic was further cleaved, to maltose and methyl a-deoxy- 
a-D-arabzzzo-hexopyranosrde That thrs great increase In concentratron of enzyme was 
necessary m order to accomphsh this latter hydrolysis is not consrdered to be par- 
ucularly important, Peat, Whelan, and Jones ’ have prevrously demonstrated that 
low concentratrons of /3-amylase do not liberate maltose from either maltotnose or 
unmochfied la 

The tnsacchande (lb) contammg the D-xylopyranosrde resrdue was completely 
resrstant to the actron of the enzyme, even when I g mg of enzyme was used per 
I o mg of substrate 

Saccharides 2b and 2c were compared wrth unmoddled 2a as substrates for 
@unyIase by measurmg the hberatron of maltose Figure 2 shows that the unmodrfied 
2a 1s the most readily hydrolyzed substrate, but rt also mdrcates that the enzyme IS 
reasonably active toward 2c It would seem that the absence of the hydroxyl group at 

C-2 of the methyl a-aldopyranosrde residue does not prevent thrs momed methyl 
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maltotetraoslde from servmg as a substrate These data, and the previously demon- 
strated hydrolyses of lc, show that the presence of a hydroxyl group at C-Z IS not 
essential for enzyme actlon as long as there IS a termmal maltose residue that can be 
hberated. 

OH OH X 

(2) 

Fxg I la, Methyl cc-maltornoslde, R = CHzOH, X = OH, lb, methyl a-maltosyl-(t-+&c-or-D- 
xylopyranoslde, R = H, X = OH, lc, methyl a-makosyl-(x+&2-deoxy-z-D-“gbopyranoslde”, 
R = CHzOH, X = H, 2a, methyl a-maltotetraoslde, R = CHzOH, X = OH, Zb, methyl a-maltotnosyl- 
(r-t&a-D-xylopyranoslde, R = H, X = OH, and Zc, methyl a-maltotriosyl-(r-+&2-deoxy-c+n- 
“glucopyranoslde”, R=CHzOH, X=H 

Figure 2 also shows that the p-amylase has very httle actlvlty on 2b at the spea- 
fied concentration of enzyme. When the amylase concentration was mcreased by a 
factor of twenty, there was 60% hydrolysis in two hours These data, and the prevrous- 
ly demonstrated stab&y of lb m the presence of very hgh concentrations of Bamylase, 
suggest that the presence of the hydroxymethyl group at C-5 of the pyranoslde residue 
IS much more Important to the actton of the enzyme than IS the hydroxyl group at C-2 

The reststance of lb to hycirolysts mrght have been caused by its farlure to be 
bound by the /I-amylase However, Frgure 3 shows that lb serves as a competltlve 
mlubitor of the actlon of the crystalhne, sweet-potato amylase on corn amylose 
Inhrbmons of thus sort are usually Interpreted as demonstratmg reversrble bmdmg 

The drfTerence m behavior between the two driTerent structural modrficatlons 
permits the speculatron that thus may be an rllustration of Kosbland’? “mduced fit”. 
It seems possrble that the absence of the hydroxymethyl group at C-5 causes a more 
serrous mrsahgnment of the acttve center of the enzyme than does the absence of the 
hydroxyl group at C-2 The Importance of the hydroxymethyl group has been further 
shown by the farlure of fl-amylase to catalyze the hydrolysis of an amylose molecule 
that we have prepared m which some of the primary hydroxyl groups are methylated 
Whether thts xmsahgnment IS a result of sample stenc factors or of hydrogen bondmg 
may be at least partially clanfied by results obtamed wrth some other modrfieatrons 
now in preparation 
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F,g 2 Actlon of crystalhne, sweet-potato amjlase on Za, Zb, and 2c A 2a, l Zb, Q 2c Percent 
of hydrolysis IS calculated as the percent of the theoretlcal yield of maltose Enzyme concentration 
1s I 5 x IO-4 mg per mg of substrate 

Fig 3 Compound lb as an mhlbltor of the actlon of crystalhne, sweet-potato amylase on amylose, 
a Lmeweaver-Burke plotlo . p-amylase on amylose o /3-amylase on amyiose, with a concen- 
tratlon of lb of I o mg/ml 

EXPERIMENTAL 

The corn amylose was a gtft of the A E Staley Co (Decatur, Ilhnois) Crystal- 
ine, sweet-potato &amylase was obtamed from Worthmgton Brochemrcal Cot-p 
(Freehold, New Jersey) 

Methyl a-maltotnosrde and a-tetraosrde were prepared and fractronated by the 
techmque of Pazur, Marsh, and Ando7. The molfied methyl cr-ohgosacchandes were 
prepared by the techmque of Wheeler, Hanke, and Weill’, and were fractronated by 
the techmque of Pazur et aZ7. In each case, the isolated fractron was shown to be 
homogeneous (t 1 c ) by comparison with the senes prepared by the method of Wheeler 

et al8 

Methyl O-a-maltotnosyl-(I -&a-D-xylopyranoslde, 2b, was obtained m a 
crystalline and an amorphous form Samples of these and of the methyl O-a-maltosyl- 
(r-+4)-a-D-xylopyranoside, lb, were sent to Weller and Strauss (Oxford, England) 
for analysis 

Anal. (2b, crystalline) Calc for C,,H,,O,, aH,O C, 42 o; H, 6.7. Found 
C, 42 I ; H, 6 g (2b, amorphous) Calc for C24H42020 3H20 C, 41 o; H, 6 8 
Found C, 41 o; H, 6 8 (lb) Cak for C18H32015-2HZ0. C, 41 3, H, 6 g Found 

C, 414, H, 7 3 
T 1 c expenments were conducted on slhca gel G (Warner Ch~lcott Laboratory, 

Instrument Divmon, Morrts Plams, New Jersey) The solvent imganon system was 
ethanol-ether-toluene (40 50 IO, v/v) The colors were developed by spraying wrth a 
5 % solution of concentrated sulfuric acid m ethanol, followed by heatmg 111 an oven at 

105” for 30 min 
The t IX experiments wnh lb, 2b, 2c, and the pentasaccharrde were conducted 
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at pH 4 8 at 26O, with a substrate concentratron of I o mg per ml The enzyme concen- 
tratlon was 3 0 x 10~~ mg per mg of substrate for the expenments with 2b, 2c, and the 
pentasacchande contarmng the a-deoxy-a-D-arabma-hexopyranos:de reszdue This 
concentratzon was Increased to 3 ox IO-’ mg per mg for the experiments with lc, 
and to 1.9 mg per mg for the expenments with lb. At the end of 48 h, the samples 
were heated m a bozlrng-water bath, and de-zomzed by passage through a column 
(I I xo g cm) of Amberhte MB-3 resm (mzxed amon- and catron-exchangers; Rohm 
and Haas Co , Phlladelphra, Pennsylvama) The respective effluents were concentrated 
to a small volume before apphcatron to the thm-layer plates 

The data for Flgure 2 were obtamed with a solution contalmng o 20 mg per ml 
of substrate m a o or6 M acetate buffer of pH 4 8. The /3-amylase concentratron was 
I gx 10-4 mg per mg of substrate Reducmg values were determmed by the method 
of Hagedorn and Jenseng, usmg appropnate converszon factors for maltose 

Vacuum&red amylose was dzssolved m a measured, small amount of 2M KOH, 
and the solutron was diluted, and neutrahzed wzth acetIc acid to pH 4 8. Enough 
acetate buffer and water were added so that the buffer concentration was 0.016~ 
at pH 4 8, the amylose concentratron was 2 mg per ml Enzyme activity was measured 
on four concentratrons of thus amylose m a solution which was o 016 M wnh respect 
to acetate buffer of pH 4 8. The enzyme concentratzon was I 2x IO-~ mg per ml 
Inhlbltron studzes with lb were conducted on solutzons contammg I o mg of lb per 
ml, m addrtron to the same amylose, buffer, and enzyme as were used m the absence 
of the m2ubitor 
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Preparation and characterization of 2-CL(4-O-methyl-cr-D-&co- 
pyranosyl)-D-xylopyranose 

In connection with a study of the acid-catalyzed hydrolysis of (4-O-methyl- 
glucurono)xylans, rt became desirable to ascertam the kmetxc parameters for 2-O- 
(4-0-methyl-a-D-glucopyranosyluromc acid)-D-xylopyranose and Its neutral analog, 
2-O-(4-O-methyl-a-D-glucopyranosyl)-D-xylopyranose The latter compound has so 
far not been avarlable, 2-0-(4-0-methyl-a-D-glucopyranosyluromc acid)-D-xyhtol 
havmg been used Instead for compartson’. 

It has now been found that the fully acetylated aldobrouronrc acrd can be reduced 
Hrlth dlborane m tetrahydrofuranZm4, Bvmg, after deacetylatron, z-0-(4-O-methyl- 
a-D-glucopyranosyl)-D-xylopyranose in an overall yield of 57% Thus new dlsacchande 
crystalhzes readrly from water as the trzhydrate Unfortunately, thrs has no sharp 
meltmg point, but gradually loses its water of hydratron at g5-105” It has [a]k6 
+114” (m water). The compound was further characterized through Its mfrared 
spectrum and its X-ray dlffractron pattern 

2-O-(4-0-Methyl-a-D-glucopyranosyluromc acid)-D-xylopyranose has been 
obtamed from some 40 different plant products Its only known, crystallme denvatrve 
1s the tetraacetate of its methyl ester, methyl glycoslde5 The ease w&h wbch the aldo- 
blouromc acid can be transformed into 2-0-(4-O-methyl-a-D-glucopyranosyl)-D- 
xylopyranose now makes possrble Its rdentlficatzon vza thus crystalhne drsacchande also 

EXPERIMENTAL 

All evaporations were conducted zn U,ZCLIO at 40” Thm-layer chromatography 
(t 1 c ) was performed wrth benzene-methanol (g I) and srhca gel H (E Merck) 
Separations by paper chromatography were effected with (A) ethyl acetate-pyndme- 
water (8 2 I) and (B) ethyl acetate-acetrc acrd-water (g 2 2) 

2-0-(4-0-Methyl-a-D-gh~copyranosyluronlc acid)-D-xylopyranose ([a], _t I IO’ 

m water) was isolated by partial hydrolyses by acrd of a (4-0-methylglucurono)xylan 
from aspen wood 6 Paper chromatography, instead of carbon’ chromatography, 
was used m the final purzflcatlon step The aldobzouromc acrd (o 85 g) was borled 
under reflux with acetlc anhydrzde (20 ml) m the presence of anhydrous sodmm acetate 
for 4 h After being cooled, the reactlon mixture was poured into Ice-water (150 ml), 
and the acetate was extracted with four Ioo-ml portions of chloroform, to yield I I g 
(80%) of a syrup, whrch was almost pure as shown by t 1 c 

2-O-(q-O-Methyl-a-D-gbopyranosy&D-xylopyranose 

The acetylated aldoblouromc acid (I I g) was dissolved m dry tetrahydrofuran 
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(25 ml) Drborane, generated by addmg boron tnfluonde etherate to sodmm borohy- 
dride m bls(2-methoxyethyl) ether (chglyme), was mtroduced mto the solution at room 
temperature for’ one h Excess drborane was decomposed by dropwrse addrtron of a 
I I mrxture (v/v) of methanol and tetrahydrofuran, after whtch the solutton was 
concentrated to dryness, and bone actd was removed as the voiatrle methyl ester. 
The reactton product (I o g) was deacetylated wrth methanohc sodmm methoxrde 
m the usual way, and was subsequently punfied by preparatrve paper-chromatography 
(solvent A) The final product crystallized readily from water, givmg o 46 g (57% 
overall yield), which was recrystalhzed twrce The compound lost water of crystalh- 
zatron at g5-105” (corr.) and had [cc]$ + r14O (c 2 0, water) Its rates of movement 
on the paper chromatogram (solvent B), relative to xylose and to the aldobrouromc 
actd, were o 76 and o 94, respectively On actd hydrolysis, the compound gave equt- 
molar amounts of 4-O-methyl-~-glucose and D-xylose 

Anal Calc. for C&H,,0 lo 3H20. C, 37 96, H, 7 38 Found C, 38 13, H, 7 56 
Calc for C12H2aO10 OMe, g 56 Found OMe, g 52 

The infrared spectrum of the compound (potassmm bromrde pellet) exhlblted 
absorption maxrma at v 3405, 3215, 2935, 2890, 1665, 1460, 1440, 1380, 1360, 1350, 
1290, 1265, 1155, 970, 955, 917, 880, 862, and 775 cm-’ X-ray diffractton data*- 
13 18 s, 8 36 m, 737 s, 6 65 w, 6 47 w, 5 70 s, 5 30 m, 4 82 s, 4 36 m, 3 89 s, 3 68 m, 
34gm,3 rgw,3 18w,287w,267vw,253vw,and22gvw. 
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Preliminarv communications 

Studies on the optical rotatory dispersion of 
carbohydrate C-nitro alcohols. II’ 

We have previously reported’ the optical rotatory dIspersIon curves of some 
eplmenc pairs of carbohydrate C-mtro alcohols and &cussed the relation between the 
sign of the Cotton effect and the absolute cotiguratlon Our conclusions may be 
summarized in the followmg rules 
I) Compounds that have the carbon adjacent to the mtromethyl group belongmg 
to the R-senes of the Cahn’s conventIon exbblt negative Cotton effects, while those 
having the adJacent carbon of the S-senes show posltIve Cotton effects 
2) The Just-mentioned rule appears to be Independent of the nature of the substituent 
at C-2, because replacement of the 2-hydroxyl group by a 2-acetamido group does 

not affect the sign of the Cotton effect 
3) The absolute configurations of other asymmetnc centers do not contnbute to the 
sign of the Cotton effect 

These rules are Illustrated by the o r d curves of the followmg compounds 
I-deoxy-I-mtro-D-manmtol (1)3, I-deoxy-I-mtro-D-gZycero-D-MZo-heptitol (2)4, 
I-deoxy-I-mtro-D-glycero-L-gkco-hepktol (3)5, 2-acetarmdo-r,2-&deoxy-I-mtro-D- 
mamutol (4)+‘, 2-acetamIdo-I,2-~deoxy-I-mtro-D-gZ~cero-D-tar’o-hepMol (5)‘, 
r-deoxy-I-mtro-D-glucrtol [6)‘, r-deoxy-I-n&o-D-glycero-D-galacto-heptltol (7)4, 
I-deoxy-I-mtro-D-gZyceru+manno-hepMo1 (?3)5, a-acetamido-r,2-dIdeoxy-I-mtro-I;- 
gluc~tol(9)6~8,and2-acetarmdo-r,2-~deoxy-r-mtro-D-gZyceru-~-galacto-hep~tol(10)g 

The reduced mtenslty of the Cotton effect of compound 9 relative to 4 may 
be due to the subtle conformatIonal change of the molecular structure surrounding 
C-z The curves of all these compounds showed a shoulder (due to the mtro group 
chromophore) m the 270-290 rnp reDon of their ultravlolet absorption spectra 
However, thxs absorption IS not responsible for the Cotton effect of these compounds, 
which has the Srst extremum In the 34o-rnp region. Besides the absorption band In the 
270-290 rnp regon, a second, longer-wavelength absorption band of the nitro group 
chromophore around 330 rnp has been ldentlfied by means of the cucular dIchroIsm 
curves of mtro sterolds’“. With compounds 9 and 10, the absorption band near 
320 rnp was also mchcated by the c d curves as shown in Figure 2. The Cotton effect 
of carbohydrate C-mtro alcohols illustrated m Figure I is associated with this band 
The absolute configuration of compounds 1, 2,3, and 4 at C-2 is R, and that of 6,7, 
8, and 9 at C-2 Is S 

* Thxs work was presented at the 85th Annual Meetmg of the Pharmaceutxal Society of Japan 
in Tokushima on October zgth, 1965 
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Fig I Optxal rotatory dlsperslon curves of carbohydrate C-nltro alcohols The curves were deter- 
rmned on water solutxons with an automatxally recordmg spectropolaruneter (JASCO Model- 

ORD/UV+) made by Japan Spectroscopic Manufactunng Co (Nippon Bunko) 
[4] = [a] x M/loo, molecular rotation 

In the figure, the absolute configuratlon at C-2 of the eplmenc pair of 2-acet- 
anudo-I,2-dideoxy-I-nitro-D-heptltols (§ and 10) IS shown only tentatively, based on 
the analogy to the correspondmg D-hexltols (4 and 9) The present report presents 
unequivocal evidence for the pre&cted configuration of 2-acetamido-r,a-dxdeoxy-I- 

mtro-D-glycero-D-t-heptltol and 2-acetarmdo-1,2-dxdeoxy-I-mtro-D-glycero-D- 

galacto-heptitol, and adds another example to support the rules Just estabhshed. 

The 2-acetamldo-r,a-&deoxy-I-nitro-D-heptltols (5 and lo), 111 whch only the 

absolute configuration at C-2 had to be determmed, were synthesizedg, and their 

o r d curves were exammed Based on the above rules, the structure of 2-acetamido- 
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1,2-dideoxy-I-mtro-D-gl’cero-D-i&-heptitol (5) was pre&cted for one of the two 
ep menc hepntols that exhibited a negative Cotton effect, whereas the structure of 
2-acetarmdo-I,a-~deoxy-I-~~o-D-g~~cero-D-galacto-heptitol (10) was predicted for 
the other epimer, which showed a positive Cotton-effect curve 

Fls 2 Circular dlchrolsm curves of 2-acetamldo-I,z-dldeoxy-I-mtro-D-glucltol(9) and 2-acetamldo- 
X,2-ldeoxy-I-nitro-D-gz~cero-D-galacto-heptito1 (10) 
The curves were determmed on water solutrons with an automatIcally recordmg spectropolarlmeter 
(JASCO Model ORD/UV-5) made by Japan Spectroscopic Manufacturmg Co (Nippon Bunko) 
[SJ. molecular elhptlclty 

In order to confirm these structures, the chemical determmanon of the absolute 
configuration at C-2 of compound (5) was performed accordmg to the sequence of 
reactions illustrated in the followmg scheme D-Senne is the final product of degra- 

datlon of 5 As a model experiment, 4 was subjected to the reactions rllustrated in the 
scheme The absolute configuration of 4 at C-2 had already been estabhshed by 
the isolation of 2-acetamido-2-deoxy-D-mannose from 4 after treatment according 

Na104 
CH2CX-l 

- A,,,-,H 

CH2OH 

5 A,,N+H H* NH$: 

CHO COOH COOH 
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to Nef6 The final product resultmg from the degradatron of 4 was shown to be D-serine, 

thus mdrcatmg that no mversron occurred throughout the whole process. 
In the degradatxon of 5, the yield from the first reaction was about 60%~ whereas 

the yields from the other steps were quantrtative The product of the last reactron was 
placed on a column of Dowex-so (IIf) and eluted with 5 % ammonmm hydroxrde The 
effluent was evaporated to a crystallme resrdue Recrystalhzatron from ethanol-water 
gave coloriess needles, dec. 225O, [c@ - 15 6” (c 5 237, N HCl). 

Anal. Calc for C3H7N03 C, 34 28, H, 6 71, N, 13 33 Found C, 34 57; 

H, 6 29; N, 13 23 
The infrared spectrum and paper-chromatograpluc propertres [RF0 28, r-butanol- 

ace& acrd-water (4 1.2)J of this product were indrstmgmshable from those of D-serme 
(Srgma Chemical Co , St Louis, U S A ) This rsolatron of D-serme mdrcates that the 
starting heptrtol IS 2-acetarmdo-I,2-d~deoxy-I-nltro-D-glycero-D-talo-heptltol, as was 
predicted from the rules Thus, the rules descrrbmg the relatron between the absolute 
con&matron at C-2 and the sign of the Cotton effect are also valid for thus eprmenc 
pan of deoxymtroheptrtols 

We thank Dr T. Okuda for valuable drscussrons 
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Carbonyl forms of sugars 

In 1926-7, Levene and Meyer prepared the aldehyde sugars, penta-U-methyl-D- 
glucose’, -galactose’, and -mannose*, by methylatron of the aldose drethyl drthro- 
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to Nef6 The final product resultmg from the degradatron of 4 was shown to be D-serine, 

thus mdrcatmg that no mversron occurred throughout the whole process. 
In the degradatxon of 5, the yield from the first reaction was about 60%~ whereas 

the yields from the other steps were quantrtative The product of the last reactron was 
placed on a column of Dowex-so (IIf) and eluted with 5 % ammonmm hydroxrde The 
effluent was evaporated to a crystallme resrdue Recrystalhzatron from ethanol-water 
gave coloriess needles, dec. 225O, [c@ - 15 6” (c 5 237, N HCl). 

Anal. Calc for C3H7N03 C, 34 28, H, 6 71, N, 13 33 Found C, 34 57; 

H, 6 29; N, 13 23 
The infrared spectrum and paper-chromatograpluc propertres [RF0 28, r-butanol- 

ace& acrd-water (4 1.2)J of this product were indrstmgmshable from those of D-serme 
(Srgma Chemical Co , St Louis, U S A ) This rsolatron of D-serme mdrcates that the 
starting heptrtol IS 2-acetarmdo-I,2-d~deoxy-I-nltro-D-glycero-D-talo-heptltol, as was 
predicted from the rules Thus, the rules descrrbmg the relatron between the absolute 
con&matron at C-2 and the sign of the Cotton effect are also valid for thus eprmenc 
pan of deoxymtroheptrtols 

We thank Dr T. Okuda for valuable drscussrons 

Blologxal Reasearch Laboratory, 
Tanabe Seiyaku Co , Ltd , 

Toda, Saitama (Japan) 
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Carbonyl forms of sugars 

In 1926-7, Levene and Meyer prepared the aldehyde sugars, penta-U-methyl-D- 
glucose’, -galactose’, and -mannose*, by methylatron of the aldose drethyl drthro- 
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acetals followed by demercaptalatron, Recently, Bayer and Wldder3-’ claimed that 

Levene and Meyer’s method gives nse to complex rmxtures, and that the per-O- 
(methylcarbonyl) denvatlves of sugars are formed by the direct methylation of aldoses 
and ketoses The following results confirm the work of Levene and Meyer 

HC(OMe)z HC=O HC=O HC=O 

I i I 1 
HCOMe HCOMe CO-Me c=o 

I I II I 
MeOCH MeOCH I-IC 

I I I i” 
HCOMe HCOMe HCOMe HC 

I I I I 
HCOMe HCOMe HCOMe HCOMe 

I I I I 
CH2OMe CHcOMe CHFOMe CHsOMe 

(1) (2) (3) (44) 

Penta-O-acetyl-D-glucose dxmethyl aceta16 was methylated to yield penta-@ 

methyl-D-glucose dlmethyl acetal (l), which, on hydrolysis wth o 02~ hydrochlonc 
acid 35 mm at 50”, penta-O-methyl-al&z&-D-glucose 

of both products, obtained this 
by Levene I) The acetal 1 

2 was lssolved m methanol contammg I % of hydrogen chloride’ to the 
presence the free 2 polymerizes rap&y on standing, IS extre- 
mely labde in 02~ hme-water at 2o”, It IS completely converted m 
20 mm mto 3-deoxy-2,4,g,Ci-tetra-C-methyl-D-erythro-hex-trans-2-enose (3) With o IN 

hydrochlonc acid for g mm at IOO”, 3 underwent an allyhc rearrangement to 3,4- 
dideoxy-5,~dt-O-methyI-D-gZycero-hex-trans-3-enosulose (4), a yellow 011 @vmg a 
colorless solution m water or alcohols (hydrate, or henuacetal) 

The n m r. spectra of compounds of 2 to 4 m deutenochloroform and m 
deutenum oxide wele conststent wth the asslgned structures, and clearly showed that 
4 was the tram Isomer CJJ_+ 16 c p s ), and that, m aqueous solution, the aldehyde 
groups of 2,3, and 4 were half hydrated, not hydrated, and all hydrated, respectively 
Other phystcal propertles of these compounds are shown m Table I* 

Bayer and Wadder 3 4 clamed that the dnect methylation of sugars yields not 
only methyl per-U-methylglycosldes but also “per-O-methylcarbonyl sugars”, 
w&h showed, on gas-hquld chromatography (g 1 c ), retention times lower than those 
of the isomenc glycosxdes, a rather unexpected result The g 1 c behavior of their 
“aldehydo glucose” corresponds, however, to that of the enal 3 (see Table I). Their 
“ ketofructose” derivative IS clearly not a slmpIe carbonyl compound (v,,, 1670 cm-1)5 

When Bayer and Wadder’ attempted to repeat Levene and Meyer’s”’ prepara- 
hens, they obtamed mixtures of wdely varymg composlttons The mfrared spectrum 
for one of thev preparations (from D-glucose) was reproduced m their paper’, and It 

*Compounds 1 to 4 gave satisfactory elementary analyses 
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TABLE I 

SOME PROPERTIES OF COMPOUNDS 1 TO 4 

Compound [a]%@ I), degrees 2,“: ~,1,,(1500-1800 cm-9 
(185-4oomp) 

Retention time@ 
A B 

1 

2 
3 
4 

+ 15 (MeOH)* none none 180 101 

- 35 5(CHCM= < 190 1728(C=O) 100 114 
+ 38 8 0) 242 r6gg and 1642 (C=C-C=O) 48 63 
+ 35 3 (HZO) 228 1722 (C = 0) 1685 and 1629 15 40 

(C=C-C=O) 

=Retentlon times x IOO on g 1 c , reiatlve to tnat of methyl tetra-O-methyl-#-D-glucofuranosxde. 
A, with methylsdlcone, and B, with poly(ethylene glycoi) as the stationary phase 9 The methyl a- and 
B-D-pyranosldes and @-D-furanoslde of tetra-0-methylglucose gave A, 83, 66, and go, and B, 82, 55. 
and 85. respectively 
*[a]g + 15 og” k 4 44. methanoljl 

C[O@ - 35 IO (c 4 7, tetrachIoroethane)l 

indicates that the sample contamed both 2 and 3 (cf Table I) The g 1 c peak assigned 
by them to 2 could be due to 3, whereas 2 is probably responsrble for therr “furanosrde 
peak” In the same paper, there IS also reproduced an mfrared spectrum of 2 obtamed 
by Stephens and Whrffen’, who presumably prepared 2 by Levene and Meyer’s 
method The latter spectrum mdicates that then sample’ of 2 was substantrally pure, 
d somewhat polymerized, and was free from 3 

I have repeated the preparatron of penta-O-methyl-al&h+-D-galactose by the 
method of Levene and Meye?, and have confirmed then results The g 1 c behavror 
of the product corresponded to that of the “a-D-septanosrde” peak5 of Bayer and 
Wadder The “pure aldehydo galactose” compound of Bayer and Wadder IS probably 
an unsaturated carbonyl compound 

E F. L J. ANET 
Commonwealth Screntific and Industrral Research Orgamzatron, 
Dtvlsron of Food Preservatton, 
Ryde, N S W (Australza) 
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The enzymic hydrolysis of 2-acetamido-1 -IV-(4’~L-aspartyl)- 
2-deoxy-j?-D-glucopyranosylamine” 

The l&age between the aspartyl and 2-acetanudo-2-deoxy-D-glucopyranosyl 
residues of the title compound is hydrolysed by an enzyme preparation from sheep 
epl&dymis’ Since the enzyme mered from 2-acetamldo-2-deoxy-D-glucopyrano- 
sldase, Murakanu and Eylar’ concluded that It IS a specrfic N-glycosrdase In a study 
of a glycopeptlde prepared from ovalbumm, we showed that the U-glycondase present 
m a boar epidldymal preparation released 2-acetamldo-2-deoxy-o-glucose umts from 
the terminal, non-reducmg end of the glycopeptlde’ We have now observed thar this 
enzyme preparation also hydrolyses z-acetamldo-r-N-(4’~L-aspartyl)-2-deoxy-&D- 
glucopyranosylamme* gnmg 2-acetamldo-2-deoxy-D-glucose (I mol , determined 
colorrmetncally3), but did not hydrolyse the isomeric I’-L-aspartyl derivatlve4 or 
2-acetamrdo- r-N-acetyl-2-deoxy-fl-D-glucopyranosylamme4, thus suggestmg that the 
enzyme IS specific for the $‘-aspartyl denvatrve The enzyme appears to be equally 
active at pH 5 o and 7 7, m contrast to the findmgs of Murakaml and Eylar’ who 
reported that thev enzyme was more active at pH 7 7 The iV-glycoadase actlvlty 
was mhlblted by 2-acetamldo-2-deoxy-D-glucono-1 +glactone and dmumshed m the 
presence of 2-acetamldo-I-N-acetyl-2-deoxy-~-D-glucopyranosyl~~ne4 The enzyme 
preparation also hydrolysed the lmlcage between ohgosacchande and aspartlc acid 
in an ovalbumin glycopepttde Lee ef al 5 reported that sweet almond gradually 
cleaves the /3-D-glucosylamme bond of the asparagin-carbohydrate fragment from 
ovalbumm However, our sweet-almond emulsm Kahforma Corporation for BIO- 
chemtcal Research) did not hydrolyse 2-acetam~do-I-N-(4’-L-aspartyl)-2-deoxy-j?-D- 
glucopyranosylamme over a prolonged period, but, as expected6, methyl z-acetamido- 
2-deoxy-P-D-glucopyranoslde was rapidly hydrolysed Hence, we conclude that pig 
epldtdymls contains an N-glycosldase that hydrolyses the B-D-glucosylamine lmkage 
m the title compound and in ovalbumm glycopeptide 

We are Indebted to Dr G A Lewy, Rowett Research Institute, Aberdeen, for 
generous supphes of epxdldymal enzyme preparations 

SchooI of Chenmtl y and Department of Medrcme, 
The Unmersuy, 
Bristol (Great Brrtain) 
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Specific labeling of sugars through enolization of aldosulose derivatives. 
Synthesis of 1,6-anhydro-& D-talopyranose’ 

The advent of convement, high-yleldmg routes to aldosulose derwatlves, by 

oxldatlon of stutably protected aldoses’-3, offers a potentially useful route, through 

base-catalyzed enohzatlon, to sugar denvafives that are spectically deuterated or 
tntiated at positions adJacent to the carbonyl group. Such denvatlves are of potential 
interest for blochenucal work, for n m r and mass-spectroscopic studies, andforstudles 
of reaction mechamsms 

Exchange of hydrogen atoms, accompamed by eplmenzatlon, at both posltlons 
adJacent to a carbonyl group, would lead to a nuxture of several dlastereolsomers 
Exchange at one of these positions could be prevented if the hydrogen atom were to 
be at the bndgehead of a stramed system of fused rmgs (Bredt rule) Exchange at the 
other positron could be made essentially stereospecific if one of the resultant two 
eplmers were considerably more stable than the other At eqmhbrmm, a single eplmer 
would preponderate 

In the present CommumcatIon, It IS shown that r,6-anhydro-2,3-O-lsopropyl- 
ldene-J?-D-Zyxo-hexopyranos-4+lose2 (l), on treatmentwlth NaOD In deutcxum oxide, 
IS deuterated rapldly at C-3 without change ofconfiguratlon, whereas the hydrogen atom 
at C-5 does not undergo exchange. Rmg strain m the b 2 I] blcychc system makes It 

lmposslble for C-5 to achieve sp* hybndlzatlon, so that the internedlate 4,5-enol 

required for exchange of H-5 cannot be formed Planarity at C-3 can be achieved 
readily, so that replacement of H-3 IS facde The stereospecticlty of the replacement at 
C-3 IS predictable smce, m a reversible process at equdlbrrum, the thermodynartucally 
more stable, czs-fused 2,3-O-isopropyhdene acetal (D-Zyxo 3-epimer) may be expected 

to preponderate greatly over the less stable, rrans-fused acetal (D-arabmo 3-eplmer) 

The So-Mc.p s n m r spectrum of the ketone 1 m deutermm oxide was similar 
to that observed* m chloroform-d The signals for H-2,3,5, and the endo hydrogen at 

C-6, were incompletely resolved The H-I signal was observed at z 4 61 as a narrow 
tnplet, through couphng’ with H-2 and H-3 The signal of the exe hydrogen atom at 

*Presented, m part, at the 4th Gordon Research Conference on Carbohydrates, Tdtoc, New Hamp- 
shxe July 1966, see ako ref I 
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C-6was observed atr6 25asaquartet;1trepresentstheApo~onofanABXsystem(K-6, 
6’, 5) Adchtron of a small proportron of NaOD to the solutron caused raprd (5 mm) 
collapse of the H-I srgnai to a sharp doublet, J 1 ,2 3 c p s , wrth conconutant appear- 
ance of a one-proton HOD srgnal. The H-6 (exe) srgnal was unchanged. No further 
change in the spectrum was observed dunng zqh After 24h, the product was recover- 
ed, crystalhne and chromatographrcally homogeneous, m good yield The product had 
the same X-ray powder drffractron pattern as 1, and contamed one fewer hydrogen 
atoms than 1 (by n m.r ) The data mdrcate that H-3 had been replaced by deutenum 
with retention of configuratron, and that no replacement of H-5 had occurred. 

Prehmmary expenments on the alkylation of 1 wuh methyl sulfate and base 
mdrcate that, m thrs kmetrcally controlled process, both 3-eplmenc 3-C-methyl 
denvatrves of 1 are obtamed 

Reductron of the ketone 1, with sodmm borohydnde m water, or with lithium 
alummum hydnde m ether, gave I,6-anhydro-z,3-O-rsopropyhdene-8_D-talopyranose* 
(2), yreld 83-87%, mp 109”. Reductron of 1 wrth hydrogen over palladmm-on- 
carbon gave 2 together wrth a small proportion of 1,6-anhydro-z,3-CQsopropyhdene- 
B-D-mannopyranose4, m p 16o-161~ Treatment of2 with Dowex-50 (Hf) for3ommat 
30” gave chromatographxcally homogeneous r,6-auhydro-fl-n-talopyranose (3) 
Hydrolysis of 3 with N hydrochlonc acrd for 30 mm at 80” gave a mrxture from whrch 
crystallme D-talose was Isolated, rdentrcal with an authentic sample** by t 1 c , rmxed 
m p , and X-ray powder drffractron pattern Substance 3 is the last r,6-anhydro-n-aldo- 
hexopyranose to be described;; rt had m p 185-186”. 

Reduction of the 3-deuterated analog of 1 with sodmm borohydnde gave the 
3-deuterated analog of 2. Direct acetylatron of the latter gave the $-acetate; acetylatron 
after cleavage of the O-rsopropyhdene group gave a 2,3,4-tnacetate. The n m r spectra 
of these products, m comparison with those of the non-deuterated analogs, showed 
the drfferences antrcrpated for the absence of H-3 m the deuterated denvatlqes Reduc- 
tion of 1 with hthmm alummum deutende gave 2 deuterated at C-4 

Reductron of the oxEme* of 1 wrth hydrogen over platmum in the presence of 
o 5~ hydrochlonc acrd gave a 4-ammo-1,6-anhydro-4-deoxy-/I-n-hexopyranose 
hydrochlonde (4), yield 70%, m.p 175-180~ (dec), [~~]:~-68 f2” (c I 5, water), 
which, on acetylatron wrth acetrc anhydride-sodrum acetate, gave the triacetate, 
m p 146” Substance 4 presumably has the D-ta/o configuratron, since It differs from 
the known5 D-manno analog 

The reactrons described provrde a route to denvatrves of D-talose and D-mannose 
that are deuterated (or tntrated) at C-3, at C-4, or both positrons, and also to branched- 
cham sugar derrvatrves havmg C-substrtuents at C-3 The prmclple of stereochemrcal 
control of base-catalyzed enohzatron as apphed m thrs work, through appropnate 
nng fusion and selectron of substrtuent groups, should be amenable to general exten- 
sion, as, for example, with r,6-anhydro-3,4-O-lsopropylldene-~-D-galactopyranose. 

*Ali of the new, crystallme compounds gave satisfactory elemental analyses 
**The authors thank Dr R S TIpson for a reference sample of D-talose 
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Cotton effect, with an amplitude ([a] xmol wt ) of 85,000 and [a] = 0 at 243 and 
222 rnp Substance 2 undergoes further con\eraon by the reagent to eve the racemic 
[‘-ethyl ether 3, followed by a slower conversion of 3 mto the I’$-diethyl ether (4) 
The latter undergoes openmg of the furan rmg, to gve z,Gdrethoxy+oxohexanal 
dIethy acetal (5) The reagent converts 5 mto a mixture contammg a component 
chromatographcally identical with 4 

The stepmse converslons were venfied by studies on the mdlvidual, isolated 
products The RF values** of the products were 1, o 75,2, o IO, 3, o 40,4, o 81; and 
5, o 50 Methyl analogs of 3,4, and 5 were prepared from 1 (or 2) by acid-catalyzed 
methanolyss. 

The products were separated by preparative t I c or g 1 c , and were all obtained 
as &stllled hqmds which gave correct elemental analyses**_ Substances 3 and 4 
showed u v spectra, and n m r ** spectra (aryl protons), very amlIar to those of 
2 and 2-(hydroxymethyl)furan The n m r spectrum of 4 showed the signals anticipated 
for two ethyl groups, together with the pattern of signals for H-I’ and H-2’ observed 
with 2 (after deuteratlon) and urlth do-0-acyl denvafives of 2 Alternative formulations, 
as 2-ethoxy-I-[5-ethoxy-2(5H)-furyhdenelethane or 2-[2,2-bls(ethoxy)ethyl]furan, 
were not considered probable The n m r spectrum of 3 showed the presence of one 
ethyl group, and of a hydroxyl group attached to a methylene group Acetylatxon of 3 

0 
HOc~-~H \ , - -0 

(2) 

(1) 

HOCH$ZH(OEt) EtOCH&h(OEtl 

P 
EtOCH,Cl-l&CH~CH~OEtlCH~OEt)~ 

(5) 

caused a downfield shift of the H-2’ signal to the posItIon observed with the dlacetate 
of 2 Substance 5 showed carbonyl absorption m the infrared spectrum, and gave a 
bis[(z,+dimtrophenyl)hyclrazone], m p 146” The n m r spectrum of 5 showed the 

presence of four ethyl groups, two of which were exchanged for methyl groups when 
5 was treated jmth methanohc H,SO, A one-proton doublet at T 5 50, JI,z 5 c p s , 
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m the n m r. spectrum of 5 was assigned to H-I, and a qproton multiplet at 7 -7 27 

was asslgned to the C-3 and C-g methylene protons 
The extreme ease of hydrolysis of the glycoslde 1 KS attnbutable to auyhc 

stab&zatmn ot’an intermeaate, C-r carboxonium ion The faciTe formation of 3 
from 2 presumably proceeds through a stablhzed, benzyhc type of cation, and complete 
racenuzation at C-I’ therefore takes place The converslon of 4 mto the ring-opened 
product 5, and the apparent reverse process, presumably follows a conventional 
mechamsm observed with furan denvatlves4 
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Book review 

CARBOHYDRATE RESEARCH 

Conformatzonul Andysrs, by E L. ELIEL, N. L &LINGER, S. J. ANGYAL AND 
G A. MORRISON, Wiley, New York, 1965. XXI + 524 pages, 1~3s. 

The development of conformational analysis has been one of the maJor steps 
m the advance of chenucal theory. Paticularly for polyfunctlonal compounds hke 
the carbohydrates, a knowledge of the detailed molecular geometry 1s vital to the 
understandmg of the mteractions which affect reactivity: indeed, carbohydrate 
chermsts were among the first to appreciate the agn&ance of conformation, and It 
IS appropnate that this volume should contain a chapter on carbohydrates The book 
1s the Jomt work of four well-known experts and, as one would expect from their 
previous wntmgs, It provides a lucid, authontative, and stimulatmg view of the field 

After a bnef bstoncal mtroduchon, the basic prmclples of the conformatlonal 
analysis of acyclic compounds and cyclohexane denvatlves are presented m deli 
The vanous physlcal methods for the mvestxgatlon of conformation are discussed 
cntlcally m a separate chapter Rmg systems other than cyclohexane (both ahcychc 
and heterocychc) are then reviewed. There are two chapters on apphcations to the 
chermstry of natural products, one on steroids, tnterpenolds and alkaloids, and one on 
carbohydrates In the final chapter, conformational energies m cyclohexane denva- 
takes are tabulated and their aprzorr calculation is dlscussed. 

In all the chapters there 1s mcisive thinking about fundamentals and therefore, 
despite the raprd development of the sublect, this book wti remain valuable It 1s 
also a umque storehouse of facts, these Include unpalatable, mexphcable observations 
wbch emphasize the lesson that caution and hunuhty are required m the apphcation 
of conformatlonal analysrs The volume can be warmly recommended to carbohydrate 
chermsts, not only for the excelIent chapter on carbohydrates by Professor Angyal, 
but also for the broad view whxh it Dves of the whole subject 

J C P SCHWARZ (Edmburgh) 



SEQUENCE STUDIES ON DipZococcuspneumoniaeTYPEII POLYSACCHARIDE 

s* A. BARKER, P, J* souras, AND M. SrAcEY 

Department of Chemistry The Unioersity, Birmingham 15 (Great Britain) 

(Received June 13th. 1966) 

The recent application’ of the technique of sequential enzyme induction to Type 
II Pneumococcus polysaccharide revealed that all of the L-rhamnose residues were 
arranged as ~-L-Bhap-(x+3)-B_L-Bhap-(r+3)-c+L-Bhap-]-sequences at the non- 
reducing ends of the polysaccharide chains. Although methylation data2 showed 
that (a) the D-glucose residues were involved in r,4,6-branch points and (b) some of 
the D-ghICUr0U.k acid residues were linked at positions I and 4 and the remainder 

occurred as non-reducing terminal units, the precise arrangement of these residues 
had not been ascertained. Most of these remaining structural sequences have now 
been determined by using specific, induced CL- and j?-D-glucosidases, together with the 
a-L-rhamnosidase obtained previously. 

MATERIALS AND METi-IODS 

Quantitative analysis of carbohydrates. - 6-Deoxyhexoses and hexoses were deter- 
mined by the cystein~sulphuric acid reaction3*4, and hexuronic acids by the modified 
carbazole-sulphuric acid reaction’. For assay of these sugars in periodate-oxidation 
mixtures, reaction was terminated by addition of ethylene glycol, and a two-fold 
excess of lead dithionate solution (20%, w/v) was added to enable the standard 
spectrophotometric determinations to be performed directly on the oxidation products 
after centrifugation. 

Borohydride reduction was sometimes performed prior to assay of a sugar 
mixture, since any resulting glycitol, whether free or bound, did not react with any of 
the above assay reagents. The standard reduction procedure was to add to the mix- 
ture (0.2 ml) a freshly prepared 1% solution of sodium borohydride in borate 
buffer (0.05~~ pH 8.0, 0.2 ml). After 30 min, excess of borohydride was destroyed 
by the addition of acetic acid (5%, 0.1 ml). After 5 min with periodic shaking, the 
standard assays were performed. Formic acid was assayed by the thiobarbituric acid 
methods. 

Periodate oxidation of Type IIpolysaccharide(srl). - A solution of SII (prepared 
as described previously’, 10.3 mg) and sodium metaperiodate (80.6 mg) in distilled 
water (25 ml) was kept at 2O in the dark. At intervals, samples (1.2 ml) were assayed 
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The resulting polysaccharide ([ct]z,’ 3-41.6” (water)] contained 49.8% of rhamnose 
andqg.7% ofglucose(cysteine-sulphuricacidreaction). Fractionationofthepolysaccha- 
ride, in particular the partially reduced preparation, on DEAE Sephadex revealed quite 
homogenous preparations suggesting, perhaps, that reduction proceeded at certain 
carboxyl groups in preference to others (e.g., terminal VS. intrecate&y); a. comple- 
tefy random reduction would be expected to give a very disperse fractionation. 

Reference, induced OL- and j?-o-gIucosidases were prepared, and their anomeric 
specificities were conf%med by using maltose and cellobiose as inducers and substrates. 
The action of these enzymes on SII and carboxyl-reduced SII was determined, the 

products being characterised after separation by gel filtration. With SII as substrate, 
a-D-glucosidase liberated a product containing equal proportions of glucose and 
ghrcuronic acid, which, on reduction with sodium borohydride, contained only 
glucuronic acid. /3-D-Glucosidase gave no detectable products with SII. Carboxyl- 
reduced SII was attacked by both the glucosidase preparations. A disaccharide con- 
taining glucose was obtained with a-D-ghxcosidase, as evidenced by the 50% decrease 
in glucose content on borohydride reduction. Both P-D-glucosidase and a mixture of 

a- and jZ?-D-glucosidases gave solely glucose with carboxyl-reduced SII. A summary of 
these postulated reaction schemes is presented in Fig. 3. These studies provide good 
evidence for the presence in SII of terminal residues of cellobiouronic acid which 
could be arranged as postulated in Fig. 2. 
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SUMbfARY 

Assay of formic acid released by periodate oxidation of Diplococcus prteu?noniae 

Type II polysaccharide (SII), during liberation of an L-rhamnose-containing trisaccha- 
ride from SII by a-rj-rhamnosidase, has demonstrated an a-(r-+4) linkage between 
this trisaccharide and the remainder of the SII molecule. Carboxyl-reduced SIT, 
[a]f,l +@‘, containing D-glucose (49.7%) and L-rhamnose (49.8% j has been prepared 
by reduction of the a-hydroxyethyl ester in two stages. A comparison of the cleaved 
products of the action of specif?c, induced a-and/%D-glucosidases on SII and car-boxy!- 
reduced SII demonstrated the presence of O-&(D-glucopyranosyluronic acid)-(r-t& 
O-a-o-glucopyranosyl-(r-+4) residues in SII and O-j?-o-glucopyranosyl-(r+&O-a- 
D-glucopyranosyl-(144) residues in the reduced polysaccharide. A possible repeating 
unit for SII is discussed. 
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PART H*:THB PHOSPHORUS AND THE MONOSACCHARIDE COMPONENTS 

Astbury Department of Biophysics, The Uniuetsity, Leeds z (Great Britain) 

(Received March 16th, 1966; in revised form, June gth, 1966) 

An increasing number of polysaccharides containing phosphorus is being 
described in the literature’-’ , but, with the exception of the material obtained from a 
squid liver’, they are all of plant origin. In the previous communications, we have 
shown that onuphic acid contains 14.4”/~ of phosphorus, together with hexose and 
methylpentose. The principal component has been preliminarily identifiedgJO as 
glucose. 

The present communication examines in detail the nature of the phosphorus and 
the monosaccharide components. As there is evidence that unusual states of phos- 
phorus exist in biological systems (for instance, the phosphinic acids in marine organ- 
isms”), some caution has been exercised in appraising the nature of the phosphorus 
in this novel molecule isolated from an unusual animal site. 

MATERIALS AND MEI-HODS 

Onuphic acid was prepared by extraction with N hydrochloric acid for 24 h at 
2O, as previously-described*. The undecationised preparation, which is a partial IL+ 
salt with traces of Ca++ and Mg++, was used for the quahtative experiments; de- 
cationised onuphic acid was used in the quantitative experiments. 

Inorganic phosphate and total phosphorus were determined directly or after 
sulphuric acid-nitric acid oxidation*. 

Potentiometric titrations were carried out by using a Radiometer TTTI direct- 
reading pH meter, fitted with a magnetic valve to control the flow of titrant from the 
burette. A sodium-insensitive glass electrode and a calomel standard electrode Were 
usedthroughout. Carbon dioxide was excluded at all stages of the experiments. To 
ensure adequate mixing, and to flush out carbondioxide and oxygen, nitrogen was 
bubbled continuously through the titration solution. Alkaline solutions were made up 
with freshIy distilled water and stored under carbon dioxide-free conditions, and a 
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with a purified phosphodiesterase leads to a marked decrease is viscosity. The extent 
to which depolymerization might be due to glycosidase contained in the spleen pre&rL 
ation cannot be determined from the present experiments. 

By all of the criteria used, the identities of the monosaccharide components of 
onuphic acid are established as glucose and fucose. The lack of su5cient material 
precludes studies of optical rotation to establish the enantiomeric nature of the sugars; 
the other tests are inconclusive, since it is not known whether L-glucose responds to 
the glucose oxidase test. 

The quantitative analyses of the monosaccharide components do not exclude the 
possibility of traces of other sugars, although glucose and fucose are the only~mono- 
saccharides detected in hydrolysates produced under a wide variety of conditions. 
The analyses for hexose and deoxyhexose (expressed as glucose and fucose, respec- 
tively) are reproducible for various batches of onuphic acid. 
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SUMMARY 

The phosphorus and the monosaccharide components of onuphic acid have 
been examined. Current methods have been used to establish .that the phosphorus 
appears to be present in the form of phosphate esters (90% of tionoester and 10% of 
diester). Themonosaccharides have been ident5ed as glucose and fucose (93.9 and 3.8%, 
respectively, of the organic material). 
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NEUARTIGE ISOMERISIERUNGEN VON ZUCKERDERIVATEN 
TEJL I+. th3E~ DIE KATI~NI~~~ ISOMERISIERUNG VON HJSTOSE-DERIVMEN 

F. MICHEEL, H. PFETZING, UND G. PIRKE 

Organixh-Chemisches Institut der UniversitEt Mfinster, We& (Deutschland) 

(Eingegangen den I. Juni, 1966) 

EINtiHRUNG 

In einer friiheren Mitteilu& wurde mit II.ilfe van [r-14C]-D-Galaktose gezeigt, 
da13 bei der Bildung van Hepta-O-acetyl-al-D,L-galaktose (3) aus Derivaten der /I 
D-Galaktose (la,b)3-5 die Reihenfolge der Koblenstoffatome in der Zuckerkette 
uicht unter Bildung eines cyclischen Zwischenproduktes (2) vertauscht wird. 

*co 
$ X 

OAc 

Y-7 
zA=:I~ 

o&z OAC 

(1) 

a: X = SOpQ,H4=CH&) b: X = J 

Urn den Reaktionsmechanismus dieser Isomerisierung aufzukllren,wurde 1,1,2,3,4,5- 
Hexa-0-acetyl-6-0-toluolsulfonyl-al-D-galaktose mit Zinkchlorid in die 6_Chlor- 
Verbindung iibergefuhrt. Letztere bildet uuter Substitution des Cl-Atoms ein optisch 
fast inaktives Gem&h aller Hepta-0ace@-al-r&L-hexosen’. Setzt man Penta-O- 
ace@-al-r+galaktose oder das 2,3,4,~-Tetra-O-acetyl-6-O-triphenylmethyl-al-rqalak- 
tose-athyl-halbacetal mlt Acetauhydrld/ZrQ urn, darm bildet sich nur Hepta-O- 
acetyl-al-D-galaktose. Hiermit ist bewiesen, dal3 nur dann Isomerisierung erfolgt; 
wenusichbei der Reaklion ein Carbonium-ion am C-6-Atom bilden kann. Durch eine 
Folge von Acylwanderungen unter Bildung van OrthoessigsBureester-Derivaten6 als 
Zwischenprodukten kann intermed& die. Asymmetric - aller Kohlenstoffatome 
aufgehoben werden. Hierbei kanu jedes Carbomum-ion mit einem Acetoxyrest als 
nucleopbilem Substituenten in einer inneren S,r-Reaktion unter Erhaltting der 
Konfiguration oder in einer inneren !&2-R&ktion unter Platzwechsel reagieren, 
his sich die D- und L-Formen aller mijghchen isomeren Hexosen als Hepta-‘O-acetyl- 
Derivate gebildet haben: (Siehe Formel-schema’ S. 284) 

. . , 

Gmz analog verhalten sich die entsprechenden Derivate der D-Glucose und D-Manuo- 
I se. 
I Urn zu zeigen, dai3 diese neuartige.totale Racemisienmg nicht nur auf Derivate 
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dem entstandenen Gemisch isomerer Heptosen lieDen sich zahlreiche Isomere durch 
chromatographischen Vergleich zuordnen. Berechmmgen mit Hilfe eines Elektronen- 
rechners bestgtigen den von Micheel und BShm’ vorgeschlagenen Reaktionsmecha- 
nismus und zeigen weitgehende Ubereinstimmung mit den experimentellen Ergebnis- 
sen. Fiir das bei der Isomerisierung von 7 auftretende Heptose-anhydrid wurde die 
Struktur eine r,6-Anhydro-L-&cero_IS-D-guZ+heptopyranose wahrscheinlich ge- 
macht. 

SUMMARY 

Penta-~-acetyl-~-U-to~uene-g-sulphonyl-aldehydo-D-gZyce~~-D-~Z~-heptose (7) 
and hepta-O-acetylq- O-toluene-p-sulphonyl-aldehydo-D-glycerose (17) 
were subjected to total racemisation with zinc chloride in acetic anhydride. From the 
resulting mixture of isomeric heptoses, numerous isomers were identified by chroma- 
tographic comparison. Calculations with the aid of a computer confirm the previously 
proposed reaction mechanism and show extensive agreement with the experimenta 
results. The anhydride obtained by isomerisation of compound 7 was tentatively 
identied as 1.6-anhydro-L-glycero-B_D-gulo-heptopyranose. 
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THE OPTICAL ROTATION OF SOME CARBOHYDRATE DERIVATIVES-IN 
p-DIOX4N-WATER MIXTURES 

A.J. HANNAFORD+ 

Department of Chnist~y, Birkbeck College, Malet Street, London. W.C.I. (Great Britain) 

(Received June qth, 1966) 

INTRODUCTION 

The specifk optical rotation of a compound with respect to light of a particular 
wavelength sometimes varies considerably with change of solvent’. However, rota- 
tions in mixed solvents have not been investigated extensively. We have measured 
the variation in optical rotation of some carbohydrate derivatives in p-dioxan 
(dioxan)-water mixtures, since this information was needed for hydrolysis studies of 
carbohydrate phenylboronates2. 

RESULTS AND DISCUSSION 

The specific rotations, [a]u, of thirteen carbohydrate derivatives in dioxan and 
in water are recorded in Table I and values of [a]u for dioxan-water mixtures are 
pIotted in the Figs. against weight percentage of water. The densities of dioxan and 
water are 1.028 and 0.997 at 25”; weight percentages and volume percentages are 
therefore similar. With the exception of Fig. I, all values of [a]n are plotted on ascend- 
ing scales of increasing magnitude, irrespective of the sign of rotation. The signs 
of the [a]u values are shown on each curve. 

The specifk rotation of a compound can vary with its concentrationinsolution’. 
but this effect is generally not large ‘. No concentration effects were observed for the 
thirteen carbohydrate derivatives in dioxan-water mixtures, since the concentrations 
were varied randomly from less than 1% to about 4% by weight and yet [& ‘was 
found to vary smoothly with solvent composition. Nor was any concentration depen- 
dence of [a],, found for any compound in pure dioxan or in pure water. Many solu- 
tions of different concentrations were prepared for each substance, but [a], remained 
constant for each solvent, e.g., [a], for methyl cc-D-glucopyranoside in pure water 
was found to be constant for solutions varying in concentration from 2.5 to 410 g/l. 
All solutions of a particular compound were prepared at a constant temperature, 
and the rotation measurements for this compound were carried out at one temperature. 
Thus, variations in [a]n due to temperature changes were eliminated. 

*Resent address, Department of Chemistry, Woolwich Polytechnic, London, !3.E.18. 
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tillation from molten sodium and contained ~0.025% of water as shown by titration 
with Karl Fischer reagent. Optical rotations were measured in a 4- or I-dm, centre- 
Idling, polarimeter tube and errors in [c& were calculated as fo.4“. Where a compound 
was not very soluble in one of the pure solvents, many separate solutions were pre- 
pared, and the mean value of [a]n is quoted. The carbohydrate derivatives were all 
prepared by standard methods and carefully purified by recrystahisation. 
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SUMMARY 

The specik optical rotations of thirteen carbohydrate derivatives in p-dioxan- 
water mixtures have been measured and found to vary in a complex manner with sol- 
vent composition. Elimination of possible refractive-index effects of the solvent and 
of effects due to solvent-solute interactions, by established methods, did not account 
for this compIex behaviour. 
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BETWEEN PYRANOID AND FURANOID FORMS 
PART I. 2,3- O-I~~PR~P~I~E~IE-L-RHAMNOSE* 
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(Received June r&h, 1966; in revised form, August 3rd, 1966) 

INTRODUCTION 

One fundamental problem in carbohydrate chemistry has not yet been satis- 
factorily solvedl. Aqueous solutions of reducing sugars consist of equilibrium mix- 
tures of at least five compounds: the two pyranoses, the two furanoses, and thealdehydo- 

(or keto-) form. The physical and chemical properties of sugars in aqueous solution 
will depend on the composition of this equilibrium mixture, yet, until quite recently, 
this composition had not been determined for any sugar. In particular, the proportion 
of furanoid forms in equilibrium is not known, except in the case of D-ribose2. 

Proton magnetic resonance (p.m.r.) spectroscopy offers now a promise towards 
the solution of this problem2, since it can be applied to aqueous (DzO) solutions. 
Unfortunately, the method is not particularly suitable for detecting minor components 
in a mixture. Hence, initially, we have been studying sugars which have a higher than 
usual proportion of furanoid forms. In this paper we report an instance in which the 
amounts of the furanoid and pyranoid forms have been determined with the aid of 
p.m.r. 

DlSCUSSION 

Both the pyranoid(1) and the furanoid (4) forms are possible for2,3-U-isopropyl- 
idene+rhamnose’, but it is usually regarded as being predominantly in the furanoid 
forms. As evidence, the formation of a s-methyl ether3, a 5-benzoate4, and a s-toluene- 
p-sulphonate’are cited. Such evidence, however, is not conclusive, because the various 
forms present in equilibrium may not react at the same rate. In this case, the exocyclic 
hydroxyl group of the furanoid form may be more reactive than the endocyclic one 
in the pyranoid form. 

The p.m.r. spectrum of 2,3-0-isopropylidene+rhamnose in aqueous solution, 
as already described by Perli#, shows it to be a mixture. Although the compound is 
crystalline, its mutarotation in aqueous solution is too fast to allow the spectrum of 
the crystalline modification to be determined. However, when methyl sulphoxide is 
used as solvent, mutarotation is slow, and, initially, the spectrum of one compound 
can be observed. This spectrum (Table I) shows H-r as a singlet, H-2 as a doublet, 

*Presented at the IUPAC Symposium on the Chemistry of Natural Products, 
April x2-18 (rg64), Abstract Papers, p. 238. 
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nose10 (5.1 g) was shaken for 24 h with dry acetone (IOO ml) containing 0.2% sulphuric 
acid and anhydrous copper sulphate (IO g). The mixture was filtered, and the titrate 
was neutralized with calcium oxide. After evaporation of the solvent, the compound 
was distilled at 10~108”/0.5 mm as a syrup which crystallized from light petroleum 
in long needles, m-p. 73-74”. For analysis, it was sublimed in noct(o (Found: C, 55.1; 
H, 8.4. C1eH1a05 talc.: C, 55.0; H, 8.3%), [a];’ -9.4” (r.5 mm), -4.0” (34 h) (c r-g, 
chloroform). 

P.m.r. specfra. - The spectra were obtained with a Varian A-60 n.m.r. spectro- 
meter. Thesweep width was calibrated from time to time by using a chloroformsolution 
of tetramethylsilane and the recommended side-band technique. Solutions (15-20~/~ 
w/v) of the samples in (CD,),SO or deuteriochloroform were used with tetramethyl- 
silane (S 0.0) internal standard; for solutions in deuterium oxide, sodium 3-(trimethyl- 
silyl)-r-propanesulphonate (S ooo), tert-butyl alcohol (S 1.23) or acetone (S 2.17) were 
used; internal standards were added after equilibrium spectra had been obtained, in 
order to avoid possible interference. The spectra were determined at 40”. Initial spectra 
were obtained immediately after dissolution of the compound; in aqueous solution, 
mutarotation was rapid, but several days were allowed to elapse before equilibrium 
spectra were measured. The concentration of anomers was measured quantitatively by 
repeated integration of the anomeric and methyl proton signals. Where the HDO peak 
interfered with the quantitative estimation of the anomeric proton, repeated evapora- 
tion with deuterium oxide was used. In the case of 2,3-O-isopropylidene-a+rhamnose, 
where the methyl and H-6 peaks overlap, the spectral curve was decomposed into 
individual peaks by using an IBM 1620 computer with a programme written by 
Associate Professor G. R. Roper and Mr. T. Newbum, Faculty of Applied Science, 
The University of New South Wales. 

Chemical shifts are expressed as 6 values in p.p.m. ; J values are given in c.p.s. ; 

accuracy is rto.01 p.p.m. for chemical shifts and fo.1 c.p.s. for coupling constants. 
First-order analysis was used to evaluate the spectra. By treating groups of three 
adjacent protons as isolated ABX systems, it was possible to analyse the multiplets 
in most cases, except where multiplet overlap was excessive. The 6 values of the AB 
portion of the ABX systems were calculated as the centres of gravity. 

S-Y 

From the p.m.r. spectrum of 2,3-O-isopropylidene+rhamnose, by comparison 
with that of some model compounds, it was deduced that the aqueous solution in 
equilibrium contains approximately 25% of a-pyranose, 10% of Spyranose, 65% of 
a-furanose, and very little of the fl-furanose. 
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INTRODUCTION 

Despite the industrial importance of Acacia senegaIgum (gum arabic), there have 
been few studies to date of its molecular size and shape. 

From osmotic pressure measurements, Thomas and Murray2 found gum arabic 
solutions to be isotonic over the range pH 6-g, and Oakley3 obtained values of rg 1,000 
and 217,000 for the number-average molecular weight in 0.1N and 0.5~ sodium 
chloride, respectively. Ultracentrifugal studies by S8verbom4 indicated values in the 
range of 256,ooo-326,000. More recently, two light-scattering results have been repor- 
ted; Veis and Eggenberber’ found a weight-average molecular weight (m,+,) of (LOO f: 
0.05) x 10~ in 0.02~ hydrochloric acid, whereas Deb and Mukherjee’j found i&, = 
0.58 x 10~ in a solution 0.02 N with respect to a mixture of potassium, calcium, and 
magnesiumchlorides. Contrary to the opinion expressed by Deb and Mukherjee6, these 
values cannot be regarded as being in satisfactory agreement; the reason for this 
requires investigation. 

Electrolyte concentrations of only 0.02N were used in the light-scattering stu- 
dies5*6 but, in our exp erience (c.$ Oakley’), considerably higher concentrations are 
required to suppress ionisation of the carboxyl groups in the gum. Furthermore, Deb 
and Mukherjee6, without explanation, used a mixedsolvent containingdivaIent cations. 
The reason for this is difficult to understand in view of the cross-linking tendencies of 
calcium ions in acidic polysaccharide systems. A more fundamental factor may also 
be involved. The investigators to date appear to have used commercial samples, 
without giving adequate attention to their characterisation. It is now recognised8~g 
that early samples of gum arabic were mixtures of the exudates from various Acacia 

species. The composition” and physical properties l1 of Acacia gums vary from species 
to species and, furthermore, within a particuiar species’2913. The commercial gum 
arabic produced at the present time originates almost exclusively from A. senegal, 

but admixture with other species, particularly A. seyal and A. laeta, or with other 
genera, e.g., Albizia sericocephaZa14, can never be discounted. Commercial samples 
should not be used in fundamental studies. 

Recently, an authenticated specimen of A. Senegal gum was characterised care- 
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SUMMARY 

Light-scattering studies on the sodium salt of A. Senegal gum, in molar sodium 
chloride solutions, give &?,,, = 580,000. The &,, values obtained for three molecular- 
weight fractions, obtained from the whole gum by sodium sulphate precipitation, 
confum previous observations that the gum has a very broad molecular-weight 
distribution. The results obtained are compared with those of earlier investigators, 
and reasons for some of the differences are discussed_ Studies of the shape of thegum 
molecules in solution did not distinguish between the spheroidal and the polydisperse 
coil models. 
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INTRODUCTION 

There has been considerable interest recently in applying newly developed oxi- 
dation procedures to the synthesis of substituted keto-sugars1*2. The chromium 
trioxide-pyridine complex3, the oxidant generally employed4 in the oxidation of 
carbohydrate secondary hydroxyl groups, often gives only moderate yields of the 
carbonyl compound and, in one instance, an unusual isomerisationhas beenobserved’, 
using this reagent. 

Following the demonstration by Pfitzner and Moffatt6 that dicyclohexylcarbo- 
di-imide and methyl sulphoxide, in the presence of certain acids, led to efficient 
oxidation of alcohoIs to the corresponding aldehydes or ketones, this reagent has been 
used to preparelVZ several substituted keto-sugars in high yield. In certain cases, 
Baker and Buss20 were unable to achieve any oxidation of partially protected carbohy- 
drate derivatives (for example, 1,q,6-di-O-isopropylidene-a-~glucofuranose), 
although the formation of clicyclohexylurea was clearly indicated. More recently, 
Albright and Goldman’ have reported a general method for the oxidation of sterically 
hindered alcohols which uses a mixture of methyl sulphoxide and certain acid anhy- 
drides. This oxidation procedure has been applied * - lo to carbohydrate derivatives and 
is mechanistically related to the PQzner-Moffatt method, since both oxidations 
proceed through the intermediate formation of alkoxysulphonium salts7V”. 

The long-standing need for a mild oxidant, which operates under neutral condi- 
ditions, has culminated in the discovery of ruthenium tetroxide12, and a combination 
of ruthenium dioxide and sodium periodate l3 has proved to be a potent oxidant of 
partially protected sugars. A route14 to glycopyranosid-3-uloses by rearrangement of 
certain methyl 4,6-O-benzylidene-3-deoxy-3-phenylazoaldopyranosides with alkali 
is clearly of potential, but more limited, value. 

RESULTS AND DISCUSSIONS 

In connexion with studies oncertain h-and 5-acetamidodeoxy sugars, we sought 
4~15 to prepare these compounds via oximation of the keto-sugars derived from 1,2:3,4- 

di-O-isopropylidene-L-rhamnitol and methyl 6-deoxy-2,3-O-isopropylidene-/I-D-allo- 
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SUMMARY 

Examples are provided which further demonstrate the value of the P&zner- 

Moffatt reagent and acid &hydride-methyl sulphoxide mixtures as oxidants in carbo- 

hydrate chemistry. Convenient and stereospeciEc syntheses of 3-acetamido-3-deoxy-D- 
glucose and 3-amino-3-deoxy-D-xylose have been developed from I,2:5,6-di-O- 

isopropylidene-a-D-glucofuranose. 
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INTRODUCTION 

The galactomaman peptide fraction isolated previously’ from Trichophyton 

mentagrophytes by cetyltrimethylammonium bromide (Cetavlon) precipitation of its 
borate complex at pH 7.6-9.1, appeared homogeneous’ on Sephadex G-25, G-50, 
and G-75, and in the ultracentrifuge. This fraction, having a molecular weight 
> 30,000, contained about 82% of carbohydrate (n-galactose and D-mannose in a ratio 
which varied from ~4 to 1:7 according to the culture material) and 11% of protein 
(aspartic acid, threonine, serine, glutamic acid, proline, glycine, alanine, valine, 
isoleucine, leucine, tyrosine, phenylalanine, and lysine). In a fraction isolated by deep 
culture in a medium containing D-glucose (4O/,), “Pamnede” (1%) and acid-hydrolysed 
casein (2%), all of the galactose was present as terminal galactofuranose groups 
attached to mannose residues arranged in a highly branched structure. The iinkages 
in the chain were mainly r-+2 and 1+4. 

When skin-tested in guinea pigs sensitised with the wholemycelium, such galacto- 
mannan peptides give’ both immediate skin reactions (wheal within 30 min after 
intradermal injection) and delayed&in reactions (reactions after I or 2 days). The mean 
reaction-diameter of such reactions is approximately proportional to the logarithm 
of the concentration of the galactoma?lnan peptide injected. 

Studies by Holborow and Loewi’ on blood group substances showed that the 
carbohydrate part mediated the immediate reaction,and that thepeptide part mediated 
the delayed hypersensitivity reactions. Immediate reactions to pure polysaccharides 
(dextrans and pneumococcus polysaccharides) have been demonstrated, but delayed 
reactivity has never been shown4 to be associated with anticarbohydrate immunisation. 
In previous studies2 on the galactomannan peptide fraction of T. mentagrophytes, we 
have demonstrated that periodate oxidation of the carbohydrate residues, followed by 
reductionofthe resultingaldehydegroups, gave a41 o/o mean decrease in the immediate 
reaction while the delayed reaction remained practically unaffected. The proteolytic 
enzyme ficin caused the nitrogen content of the galactomannan peptide to fall from 
1.2% to <0.05%. Tests of the treated glycopeptide showed a slight decrease (5%) in 
the immediate reactions and a major decrease (61%) in the delayed reactions. 

We have now been able to resolve such galactornannan peptide fractions into 
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INTRODUCTION 

Since our preliminary communication1 the synthesis of a number of secondary 
fhtorosugars has been reported_ Thus, Codington, Doerr, and Fox2 have synthesised 
i-deoxy-2-fluoro-D-ribose from 2’-deoxy-2’-ffuorouridine and another group3 has 
reported the synthesis of 2-deoxy-z-fluoro-D-allose, a-deoxy-%fluoro-D-altrose, and 
3-deoxy-3-fluoro-D-glucose by the action of hydrogen tetrafiuoridoborate in hydrogen 
fluoride on suitably blocked 2,3-anhydro-D-ahosides. We now report on a synthesis of 
3-deoxy-3-fluoro-D-xylose and 3-deoxy-3-fluoro-B-D-arabinose. 

RESULTS AND DISCUSSION 

The successful scission of aliphatic epoxides4 and steroid epoxides5*6 by hydrogen 
fluoride has been know for some time and originally, as a model for such studies in 
the carbohydrate series, we examined the action of anhydrous hydrogen fluoride in 
dioxan on methyl 2,3-anhydro-4-0-benzyl-p-L-ribopyranoside’. While this work was 
in progress Cohen, Levy, and Bergmann’ reported the use of potassium hydrogen 
fluoride (KHF,)in ethane-r,wliol for the scission of benzyl 2,3-anhydro-/?-D-ribopy- 
ranoside to give benzyl 3-deoxy-@uoro-/?-D-xylopyranoside which, on catalytic 
hydrogenation, gave 3-deoxy-3-fluoro-D-xylose. We have now examined the action of 
potassium hydrogen fluoride in ethanediol on methyl 2,3-anhydro-4-0-benzyl-B-D- 
ribopyranoside (l), k&o in the L series) and found that much improved and less 
contaminated yields of the fluorohydrin (2) are obtained by this procedure than those 
obtained by the action of hydrogen fluoride in dioxan on compound (1). The structure 
of compound (2) was established by catalytic hydrogenation (palladium on charcoal) 
which removed the benzy1 group to give the glycoside (3) as a crystalline material which 
did not reduce Fehling’s solution or consume periodate and contained fluorine’. The 
retention of the fluorine under these conditions was expected as a result of previous 
work with 6-deoxy-6fluoro-D-galactoseg. Thin-layer chromatography” (t.1.c.) of com- 
pound (3) gave only one component (I$,, 0.4, ethyl acetate) and paper chromatography 
followed by treatment with periodate and benzidine did not reveal the presence of 
vicinal hydroxyl groups”. The glycoside (3) was further characterised as the di-O- 

Carbohy&ate Res., 3 (1967) 333-339 













EXUOROCARBOHYDRATES. XVI 339 

acidwhich isconsistentwith the structure~-O-benzyl-3-deoxy-3-fluoro-a~-~-arabinose. 
Catalytic hydrogenation of the fluorohydrin (8) removed the benzyl group to give 
methyl 3-deoxy-3-fluoro-a-n-arabiiofuranoside (10) which, on acid hydrolysis, 
yielded crystahine 3-deoxy-3-fluoro-/?-n-arabinose (13). The #I configuration was 
assigned to compound (13) on the basis of its mutarotation. 

This method of introducing fhrorine into carbohydrates affords reasonable yields 
of uncontaminated Suorohydrins and is considered to have general applicability. 
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STRUKTURAUFKLARUNG DES Vi-ANTIGENS AUS Citrobacter freundii 
(E. co&) 5396138 

K. HEYNS KIND G. KIE~~LING 
Chemisches Staatsinstitut, Institut fw Organ&he Chemie, Uniuersitlit Hamburg (Deutschkmd~ 

(E5igegange.n den I. JuIi 1966; modifkiert den 6. August 1966) 

Friihere Untersuchungen’ habengezeigt, daB das aus mehreren Mikroorganismen 
nach verschiedenen Methoden2*3 erhaltliche Vi-Antigen ein hochacetyliertes Poly- 
saccharid ist. Es besteht im wesentlichen aus einer Aminohexurons2ure1, die durch 
Vergleich mit authentischem Material als 2-Amino-a-desoxy-n-galaktopyranuron- 
saure (D-Galaktosaminuronsaure) identitiziert werden konnte4. In den letzten Jahren 
sindinPolysaccharidenandererMikroorganismenzus~~chGlucosaminurons~ureund 
MannosaminuronsBure aufgefunden worden’-*. Genaue Strukturangaben liegen 
nur fur das Staphylococcen-Polysaccharid-Antigen vor*. Versuche, die Struktur des 
Vi--Antigens durch Perjodatspaltung zu erschlieBen, haben ergeben, da13 das Poly- 
saccharid kein Perjodat verbraucht’. Dieser BefundftihrtezurAnnahme,imVi-Antigen 
seien die Monosaccharide durch glykosidische I+ 3 Bindungen verkniipft. 

In der vorliegenden Arbeit wird die Strukturaufkl%ung des Vi-Antigens auf dem 
klassischen Wege der Methylierung beschrieben. Dieses aufwendigere Verfahren Whrt 
such hier zu einer sicheren Aussage der Bindungsart, weil die Hydrolysenprodukte des 
methylierten Polysaccharids charakteristische Bruchstiicke des Vi-Antigens repr&en- 
tieren. Das Bauelement 1 des Vi-Antigens kann entweder in einer 1-tpodereiner 144- 
Verkniipfung irmerhalb der Polysaccharidkette vorliegen. Durch direkte Methylierung 

l--t3VerkniiPfUng 

R’= H, AC 
R’= Saccharidkette 

R=‘=H,AC 

, -4 VerkniipfUng 
R’= H. AC 

(1) 
R’= H.Ac 
R’s Saccharidkette 

des Vi-Antigens und anschlieI3ende Hydrolyse so&e es mSglich sein, AufschluB 
iiber die Struktur des Polysaccharids zu erhalten. Die Stellung der Methylgruppen in 
den Hydrolyseprodukten w2ire dann ein unmittelbarer Beweis fur die Verkniipfungsart 
der Monosaccharide im Polysaccharid. Die in dieser Richtung durchgeftirthen Ana- 
lysen sind zur Zeit noch nicht auswertbar, da die zur Identifizierung benatigten 
Methylgther der Galaktosaminuronsaure unbekannt sind. 
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(from I) and 2-amino-2-deoxy-3,6-di-O-methyl-D-galactopyranose (3,6-d&O-methyl- 

galactosamiue) (from z), respectively. The occurrence of these two compounds, 
as well as the absence of 2-amino-2-deoxy-4-O-methyl-D-galactopyraranose and 2- 

amino-2-deoxy-4,6-di--di--methyi-D-galactopyranose, conclusively demonstrates z-t4 
glycosidic bonds in the polysaccharide. 

The products formed by hydrolysis were quantitatively determined and identified 
using authentic control substances in the amino acid analyser of Moore, Spa&man, 
and Stem by means of a special buffer. From these results a model of the structure of 

the Vi-antigen is presented. 
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2,j-THIONOCARBONATE AND 2,3-CARBONATE DERIVATIVES OF 

D-GLUCOPYRANOSIDES* 

E. I. STOUT, W. M. DOANE, B. S. SEL+SHA, C. R. RUSSELL, AND C. E. R~sr 

Northern Regional Research Loboratory l *, Peoria, Illinois 6160.f (U.S.A.) 

(Received August xgth, 1966) 

Sugar derivatives containing the bis(O-thiocarbonyl) disulfide group and an 
adjacent hydroxyl group rearrange readily in pyridine to form cyclic thionocarbo- 
natesl. Although a number of systems in which the hydroxyl and bis(O-thiocarbonyl) 
disuhide groups are vicinal have been investigated, no information is available on the 
behavior of these groups when present in a trans configuration on a pyranoid ring. 
Such a system was explored because formation of a thionocarbonate might give a 
unique, trans-fused ring-structure. 

Methyl 4,6-0-benzyhdene-a-D-glucopyranoside (1) was xanthated and coupled 
to give mainly bis(methy1 4,6-O-benzvlidene-2-O-thiocarbonyl-a-D-glucopyranoside) 
disuEde (2). Probably some of the 2,3’- and 3,3’-disulfides were also present, since 
xanthation of 1 gives about 85-90~/~ of the a-xanthate and 1o-15% of the 3-xanthate’. 
Since the rearrangement reaction of 2 and its isomers should be similar, no further 
attempt was made to purify the product. Disulfide 2 readily dissolved in pyridine, and 
underwent rearrangement to give nearly equimoiar amounts of 1, carbon distide, 
free sulfur, and a crystalline product formulated as methyl 4,6-0-benzylidene-a-r-D- 
glucopyranoside 2,3&ionocarbonate (3). Therefore, the course of this reaction in the 
trans systemis the same as that reported’ for vicinal ci.s-dials on furanoid and pyranoid 
rings and for vicinal diols in acyclic sugars. 

The structure proposed for 3 is consistent with its elemental analysis, molecular 
weight, and ix. (tbionocarbonate absorption2 at 7.8 ,u, Fig. IA) and U.V. (tbionocar- 

bonate absorption’ near 238 rnp) spectra. Since mild alkaline hydrolysis of 3 gave 1, 
no inversion of cotiguration had occurred during rearrangement. Treatment of 3 
with silver nitrate3 gave the corresponding trans-z&carbonate (4) in 93% yield. 
This conversion provides a route to the previously unavailable4 tram-carbonate. 
The utility of cyclic carbonates as protecting groups might thus be extended to trans- 
diols on pyranoid rings. The trans-cyclic carbonate exhibited carbonyl absorption 
at 5.45 and 5.55 p in the infrared spectrum (Fig. IB). This absorption appears to be 
characteristic for such a derivative, since five-membered cyclic carbonates fused cis 

*Presented before the Division of Carbohydrate Chemistry, r52nd National Meeting of the American 
Chemical Society, New York, September 1966. 
**This is a laboratory of the Northern Utilization Research and Development Division, Agricultural 
Research Service, U. S. Department of Agriculture. 
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to the pyranoid ring exhibit a single absorption maximum in this region, and larger- 
ring or linear carbonates absorb’ near 5.7 JL 

For comparison of infrared spectra, a similar rrans-fused system was prepared. 
frans-r,a-CycIohexanediol was converted into the crystalline trans-thionocarbonate 
uiu the xanthate, and then into the rrans-r,z-carbonate. The i-r. spectrum showed two 
maxima of nearly equal. intensity at 5.45 and 5.51 fi (Fig. rC). 

Wavelength, Microns 

Fig. I. Infrared spectra of methyl 4,6-0-benzylidene-a-o-glucopyranoside 2,3-thionocarbonate (3, A, 
f&n), methyl 4,6-O-benzylidene-a-D-glucopyranoside z,s-carbonate (4, B, film), tram-r ,z-cyclohexane-. 
diol carbonate CC,film). 6-O-tritylamylose 2.3-thionocarbonate (D, KBr), 6-U-trityIamyiose(E,KBr), 
and ~~-~itylamylose 2,3+zrbonate (F, Nujof). 

Although the mixture from the rearrangement showed only 1 and 3 by t.l_c., 

fractionation on a column of Adsorbosil* gave a minor fraction in addition to I and 
3. T.1.c. of this fraction showed three spots of almost equal intensity, with RF values 
intermediate between those of 1 and 3. T.l.c., sulfur, molecular weight, i.r., and U.V. 
analyses indicated that these components were the bis(methy1 4,6-0-benzylidene-c 
D-glucopyranoside) 2,2’-, 2,3’-, and 3,3’-tbionocarbonates (5). 

Further support for these structures was obtained by conversion of 5 into the 
corresponding carbonates with silver nitrate. The three carbonates displayed earbonyl 
absorption only at 5.7 p. Apparently, these intermofecuIar structures are products of 
reaction of 3 with 1 since a pyridine solution of 3, when kept with 1, gave 5. TLC. of 
the solution after 7 days showed, in addition to 3 and 1, three components having R, 
values equal to those of 5. When the mixture was treated with silver nitrate, it gave a 
product having carbonyl absorptions near 5.5 and 5.7 fl in the ratio of ~2. On the 
other hand, a pyridine solution of Erans-x,2-cyclohexanediol thionocarbonate was 
stable when kept in the presence of trans-r,2-cyclohexanediol. 

To ehminate any in&.rence which the fused benzylidene group might exert on 
formation of the trans-thionocarbonate (3), and to extend the utility of the reaction 

*Mention of firm names or trade products does not imply that they are endorsed or recommended by 
the X.X. S. Department of Agriculture over other fwms or similar products not named. 
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examined, During the first few minutes of the hydrolysis, a strong peak at 233 mp and 
a relatively weak peak at 303 rnp were observed. The latter peak, presumably due to 
some xanthate ion, disappeared on standing or on addition of dilute acid, whereas 
the peak at 233 rnp remained. 

6-0-TritylamyIose 2,pcarbonate. - Freshly prepared 6-0-tritylamylose thiono- 
carbonate was dispersed in methyl sulfoxide and heated to 69. The dispersion was 
treated dropwise with aqueous silver nitrate. The suspension was then filtered, and 
the precipitate was washed with water. The silver suEde formed was removed by wash- 
ing with aqueous sodium cyanide. The white precipitate obtained after washing with 
water, alcohol, and ether contained no sulfur. Carbonyl absorption was observed at 
5.45 and 5.55& with no absorption at 7.8 I( for the thionocarbonate group (Fig. IF). 

For some preparations, additional carbonyl absorption was observed at 5.7 p. 
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SUMMARY 

A unique sugar derivative, methyl 4,6-0-benzyhdene-cc-D-glucopyranoside 2,3- 
thionocarbonate, which contains a trans-fused ring-structure, was prepared in good 
yield by rearrangement of bis(methy1 4,6-O-benzylidene-a-O-thiocarbonyl-cc-D- 
glucopyranoside) disuEde. The thionocarbonate was converted into the novel methyl 
4,6-0-benzylidene-a-D-glucopyranoside 2,3-carbonate in 93% yield by treatment with 
siIver nitrate. By foIlowing the same reaction sequence, 2,3_thionocarbonate and 2,3- 
carbonate groups were introduced into 6-O-tritylamylose. The rearrangement of 
bis(U-thiocarbonyl) disuhide derivatives provides a new route for the synthesis of 
carbohydrate thionocarbonates and carbonates previously unavailable. 
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A KINETIC ANALYSIS OF THE REACTMTIES OF THE HYDROXYL 
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(Received August 4th, 1966; in revised form, September Igth, 1966) 

INTRODUCI-ION 

Esterification of cellulose, starch, and other carbohydrates with carboxylic acids 
has evoked considerable interest both for the modil%zation of physical properties 
and for investigative purposes’. However, delineation of the reactivities of the hydr- 
oxyl groups on C-2, C-3, and C-6 of the D-glucopyranosyl residues in esterifications has 
met with substantially less success than that achieved in etherifications, as the ethers 
are more stable2. 

From a study of the estetication of D-glucose with go% formic acid, Tarkow 

and Stamm3 concluded that the reaction occurs only with the hydroxyl groups on 
C-4 and C-6. All early investigators4-6 of the homogeneous reaction of starch with 
formic acid reported formation of a product that approximated a monoester, and 
indicated either exclusive formylation of the 6-hydroxyl groups or preferential esteri- 
fication of these primary hydroxyl groups, together with some reaction at the secondary 
hydroxyl groups’. Wolff and co-workers’ clarsed the reversibility of the formylation, 
and the dependence of the degree of substitution (D.S.) upon the concentration of the 
formic acid. Employing buffered periodate oxidation, Moe and co-workers’ showed 
that the minor fraction of the formate groups was on C-2 and C-3. Whistler and 
Roberts9 measured approximately 70 % of the total formyl groups as involving the pri- 
mary, 6-hydroxyl group in the monoformyl derivative of D. S. I. These results were 
obtained by acetylation of the monoformate to complete substitution, with subsequent 
selective hydrolysis of the formyl groups for measurement of the free primary hydr- 
oxyl groups by reaction with chlorotriphenylmethane (trityl chloride) or p-toluene- 
sulfonyl chloride. By measuring the unreacted primary hydroxyl groups by tritylation, 
Fedorova and Rogovin lo showed that approximately half of the formyl groups were on 
the C-6 oxygen atoms after homogeneous or heterogenous formylation of cellulose 
catalyzed by phosphoric acid. 

The aerence in equilibrium constants in the acetylation of primary and second- 
ary alcohols has been recognized as applying to carbohydrates, where the selectivity 
of the estetication of the primary hydroxyl groups is a function of the temperature, 
the reagent, and the catalyst. Malm and co-workersl’, employing partially acetylated 
cellulose which dissolved in the reaction mixtures, established that conditions which 
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between the hydroxyl groups at C-2 and C-3 and curves C and D of Fig. I ; however, 
it is pertinent to note that a consideration of the mechanism of esterification and the 
behavior of certain D-glucose derivatives suggests that it is the hydroxyl group at 
C-2 that undergoes the more rapid reaction to the lower level of equilibrium. 

A significant difference between the tiydroxyl groups at C-2 and C-3 develops 
from the lower inductive effect transmitted to the hydroxyl group at C-3 from the oxy- 
gen atoms at C-r. Thus, the hydroxyl group at C-2 is the more acidic, and the average 
state of its proton may be envisaged as incipient ionization toward the more nucle- 
ophilic, 3-hydroxyl group. The higher protonation of the 3-hydroxyl group may be 
accentuated in the formic acid, which is strongly acidic. As esterification involves the 
addition of the unprotonated alcohol to the protonated carboxylic acidz1*24, the 
reaction of the hydroxyl group at C-2 would be expected to occur more rapidly than 
that at other secondary hydroxyl groups. It follows, also, that the ester group at C-2 
should be characterized by the more electropbilic carbonyl carbon atom which 
should be less stable toward nucleophilic attack and to removal of the ester group. 
Susceptibility at this position to preferential hydrolysis in an acidic medium is 
less predictable. Preferential esterification of D-glucose derivatives is indicated as 
occurring at the hydroxyl group at C-2 (not C-3) for benzoylation2’ and for (benzyl- 
thiocarbonyl)ation . 26 Ester groups on C-2 of D-glucose derivatives exhibit a facility 
for selective removal which also is consistent with the foregoing analysis2s’27’28. 
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SUMMARY 

The kinetics of the homogeneous formylation of dextrin with go% formic acid 
have been analyzed as the composite of four, simultaneous, independent, reversible 
reactions at the C-2, C-3, and C-6 hydroxyl groups of each D-glucopyranosyl residue 
and the C-4 hydroxyl group on the terminal D-glucopyranosyl group of each molecule. 
The velocity coefficient and the equilibrium constant for the primary hydroxyl group 
are higher than the values for the (secondary) C-2 and C-3 hydroxyl groups. Results of 
the kinetic analysis suggest that one secondary hydroxyl group is esterified rapidly to 
a low level of equilibrium, whereas the other secondary hydroxyl group is slowly 
esterified to a higher level of equilibrium. These results are shown to be qualitatively 
consistent with the behavior of other carbohydrates on esterification or de-ester- 
ification. 
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IMPROVEMENTS IN THE PRODUCTION AND ISOLATION OF COLOMINIC 
ACID 

S. A. BARKER, R. G. JONES, AND P. J. SOMERS 

Department of Chemisfry, The Uninersiry, Birmingham 15 {Grear Britain) 

(Received July 7th, x966) 

INTRODUCTION 

Colominic acid, a polymer of N-acetylneuraminic acid, has been obtained’-’ 
from several strains of Escherichiu coli. A common feature of the published methods 
of isolation is that they utilise nutrient media which contain polysaccharides or pro- 
teins (of yeast, casamino acids, and agar) rendering subsequent purification of the 
colominic acid di%cult. This study shows that colominic acid can be produced in 

improved yield using a much cheaper and simpler fermentation medium. Furthermore, 
the purification of the colominic acid from the culture titrate is assisted because the 
particular strain [016 (N.C.T.C. 9016)] of E. culi employed yields the polymer in the 
ionized rather than in the lactone form which permits direct precipitation by deter- 
gents without prior alkaline hydrolysis. 

METHODS 

Assays for N-acetylneuraminic acid were carried out by Warren procedures. 
Optimum conditions for colominic acidproduction. - The concentration of some 

of the components of a synthetic medium consisting of-glycine (0.5 g), (NH&SO, 
(0.2 g), MgSO, _ 7H20 (O.GT g), &HP04 (0.2 g) and KHsPO, (0.1 g) in 90 ml of water 
were varied whilst those of the others were kept constant in a series of experiments to 
determine their relative importance in colominic acid production. After sterilisation 
by autoclaving, sterile glucose solution (5%, IO ml) was added. A subculture of E. culi 

0 16 (N.C.T.C. 9016) was made from a nutrient broth agar slope into the standard 
glucose medium and 5 ml of this actively growing culture was inoculated after 17 h into 
each of the various growth media (50 ml) which were incubated and shaken at 37” for 
IO h. Aliquot parts (3 ml) were removed at intervals and analysed. The optical density 
(OD) at 650 rnp using a IO mm path length was determined, the cells were removed by 
centrifugation, and an aliquot part (I ml) was hydrolysed with 0.1~ HCI for I h at 
80”. Aliquot parts (0.2 ml) of the supematant were analyseds for N-acetylneuraminic 
acid (NANA). 

A similar experiment was carried out with variation of some of the constituents 
of a medium consisting of succinic acid (0.6 g), ammonium sulphate (0.2 g), glycine 
(0.01 g), L-glutamic acid (0.025 g), magnesium sulphate (0.02 g), ferrous sulphate 
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A major improvement was effected by using succinic acid as the carbon source 
instead of ghrcose. In a direct comparison of the glucose-mineral salt medium and 
succinate-mineral salt medium previously described and using the same conditions 
of hydrolysis to assay the colominic acid, the former gave a maximum of go pg 
compared with 206 pg NANA/ml with the latter. 

Surprisingly, the colominic acid produced in the culture medium could be preci- 
pitated with benzylcetyldimethylammonium chloride without pretreatment with 
alkali. The colomimc acid from E. coli K 235 L + 0, kindly supplied by Dr. Goebel, 
was in the lactone form and did not precipitate until after incubation with alkali at 
room temperature. It was noteworthy that the lactone form ([a]h -56.7”) of Goebel’s 
colominic acid, after such incubation, showed almost the same rotation (f10.5”) as 
that (-I- 13.3”) of the colominic acid described herein. 

The most economical way of removing the detergent from the colominic acid 
complex was to extract the precipitate with M NaCI. In this way, most (99%) of the 
detergent remained insoluble. Fractionation on Sephadex G-25, Carboxymethyl 
Sephadex, and DEAE Sephadex sufficed to provide highly purified colominic acid 
which, significantly, was more stable to acid than was the lactone form. In assessing 
the NANA content, the importance of making a correction for the destruction of 
NANA under the same conditions was illustrated. Examination of the polymer in the 
ultracentrifuge gave a sedimentation constant of S”,” 1.26 which for an ideal spherical 
molecule represents a molecular weight of 10,0oo-12,000. Analysis by the Archibald 
approach-to-equilibrium method gave a molecular weight of g,ooo-ro,ooo. 
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SUMMARY 

A novel synthetic medium has been devised for producing high yields of colo- 
minic acid from E. coli 0 16. Precipitation with a cationic detergent provided a rapid 
method of isolation, and subsequent dissociation of the complex with NaCl followed 
by gel filtration and anion exchange fractionation resulted in a preparation with [ajD 

+13” and a molecular weight of 10,0oo--12,000, containing at least 91% of N-acetyl- 
neuraminic acid. This colominic acid has been shown to be devoid of internal ester 
linkages in contrast to previous preparations. 
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SYNTHESIS AND PROPERTIES OF SOME SERINE GLYCOSIDES 
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INTRODUCTION 

Recent investigations of glycoproteins clearly demonstrate that fragments 
containing 0-glycosylated hydroxy ammo-acids play an important role in the struc- 
ture of these biopolymers. Glycosidic bonding between a carbohydrate moiety 
and the serine and/or threonine residues of peptide chains has been found in mucins 
of submaxillary glands’, protein-chondroitin complexes’, blood-group substances3, 
andsome other glycoproteins. Adetailed studyof the properties of this typeof linkage, 
particularly the stability under different conditions, using simple model compounds, 
is desirable. The 0-2-amino-2-deoxyglucoside4*s and the O-xy!oside6 of serine have 
been synthesized, but detailed data on theirproperties have not yet been published. 
We now report on the synthesis and properties of a number of serine glycosides. The 
compounds selected were derivatives of D-glucopyranosyl-, D-galactopyranosyl-, 
and o-galactofuranosyl-serine. 

RESuI;Ts AND DISCUSSION 

N-Benzyloxycarbonyl-O-(~,~,~6-tetra-O-acetyl-8_~-giucopyranosyl)- L-serine 
methyl ester (la) was obtained in approximately 40% yield by K&rigs-Knorr glyco- 
sylation of N-benzyloxycarbonyl-serine methyl ester in benzene using silver carbonate 
as the hydrogen bromide acceptor. Glycosylation in the presence of lead carbonate 
resulted only in the formation of the orthoacetate (2). 

No racemisation took place during the K&rigs-Knorr reaction since only 
L-serine and methyl D-glucoside were detected after methanolysis of compound (la). 

The derivative of D-serine (D-la) was prepared (10% yield) by the Kiinigs-Knorr 
glycosylation of N-benzyloxycarbonyl-DL-serine with subsequent separation of the 
diastereoisomers by crystallization. Due to the high lability in alkali of the-glycosidic 
bonds in compounds (la) and (D-la), the successful deacetylation of the tetraacetates 
is possible only undermild conditions. The best resultswere achieved by the treatment 
of compounds (la) and (D-la) with triethylamine in methanol at room temperature. 
N-Benzyloxycarbonyl-O-(#I-D-glucopyranosyl)-L-serine methyl ester (lb) and its 
D-isomer (D-lb) were thus obtained in high yields. Deacetylation by methanolic 
barium methoxide gave lower yields. 
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DERIVATE DER ZUCKER-THIOACETALE 
XXXIX. hfITTEILUNG’. ISOPROPYLIDEN-WRRINDUWGEN DER D-XYLOSE-THIOACJZTALE 

H. ZINNERUND J. ~QLBRADT 

Institut fiir Organische Chemie der Universitiit, Restock (D.D.R.) 

(Eingegangen den 5. Juli 1966; modifiziert den 8. September 1966) 

Beim Behandeln von D-Xylose-di&hylthioacetal mit Aceton und wasserfreiem 
Kupfersulfat oder Diphosphorpentoxyd erhielten Dalley und McIlroy’ ein sirnpijses 
Di-0-isopropyliden-n-xylose-digithylthioacetal, in dem sich die beiden Isopropy- 
liden-Gruppen in 2,4:3,5-Stellung belinden sollen. Nach der iiblichen Ring- 
bezeichnung fur cyclische Acetale und Ketale3 w&en hier ein /?C- und ein @-Ring 
vorhanden, die sechsgliedrig sind. Die bisherigen Erfahrungen haben aber gezeigt, 
daD Zuckeralkohole und Aldose-dialkylthioacetale mit Ketonen bevorzugt funf- 
gliedrige ciT- und cc-Ketal-Ringe bilden. Dieser Widerspruch veranlal3te uns, die Dar- 
stellung der 0-Isopropyliden-D-xylose-dialkylthioacetale und ihre Strukturen ngher 
zu untersuchen. 

Wir kondensierten das Dimethyltbioacetal und das DiSithylthioacetal der 
D-Xylose mit Aceton bei Gegenwart von Schwefelsaure und Kupfersulfat und erhielten 
das kristallisierte 2,3:4,5-Di-O-isopropyliden-D-xylose-dimethylthioacetal (la) bzw. das 
entsprechende, sirupiise Diathylthioacetal (lb). Letzteres zeigte etwa die gleichen 
Eigenschaften wie das von Dalley und McIlroy beschriebene Di-O-isopropyliden-D- 
xylose-di%thylthioaceta12. 

Aus den Verbindungen la und lb erhslt man durch Abspalten von Tbioalkohol 
die 2,3:4,5-Di-0-isopropyliden-aldehydo-n-xylose (2), die ein gut kristallisiertes 
Semicarbazon (3) bildet. Dieses zeigt etwa den gleichen Schmelzpunkt und dengleichen 
absoluten Betrag der speziflschen Drehung wie das von Boume, McSweeny und 
Wiggins4 auf anderem Wege (siehe unten) dargestellte 2,3:4,5-Di-O-isopropyliden-L- 
xylose-semicarbazon. Damit ist die 2,3:4,5-Stellung der beiden Isopropyliden-Gruppen 
in den Verbindungen la und lb gesichert. 

Die genannten Autoren4 stellten das 2,3:4,5-Di-O-isopropyliden-L-xylose- 
semicarbazon iiber mehrere Stufen aus dem r,2:3,4:5,6-Tri-0-isopropyliden+idit dar. 
Die partielle Hydrolyse dieser Verbindung ergab r&3,4-Di-O-isopropyliden-L- 
idit und 3,4-O-Isopropyliden-L-idit. Die erstgenannte Verbindung lieferte bei der 
Oxydation mit Natriumpejodat (Verbrauch 0.98 Mol.) Formaldehyd und 2,3:4,5- 
Di-0-isopropyliden-aZdehydo-L-xylose, die in das Semicarbazon iibergefuhrt wurde. 
Die Struktur des3,4-0-Isopropyliden-und damit such die des r,2:3,4-Di-O-isopropy- 
liden-r.-idits und die der 2,3:4,5-Di-0-isopropyliden-aldehydo-r.-xylose konnte durch 
Gxydation mit Natriumperjodat bewiesen werden; die 3,4-O-Isopropyliden-Verbin- 
dung verbrauchte dabei 2.12 Mol. des Oxydationsmittels und lieferte 1.90 Mol. 
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Formaidehyd. Bei der Uberpriifung der Untersuchungen von Boume, McSweeny 
und Wiggins4 konnten wir die angegebenen Stmkturen voll bestgtigen. 

Ein weiterer Strukturbeweis ftir das 2,3:4,5-Di-O-isopropyliden-D-xylose- 

dimethylthioacetal (la) ist durch eine partielle Hydrolyse der Verbindung zum 
a,3-O-Isopropyliden-D-xylose-dimethylthioacetal (4) und dessen Oxydation mit 
Bleitetraacetat miighch. Zur Hydrolyse wird die Di-O-isopropyliden-Verbindung la 
eine Stunde in 8o-proz. Essigs2ure auf 40” erw%mt. Man erhHlt ein Gemisch von 
nicht hydrolysierter Verbindung la und Verbindung 4. Letztere Ial& sich durch 
Chromatographie an Aluminiumoxyd von ersterer abtrennen und nach einer Destil- 
lation im Hochvakuum als reiner Sirup gewinnen. 

HC(SR12 

F+CCCH~~~ +Pb(oAc)a - +CKH& + HOI; 

OH (6) 
+ 

(4) 
+ LiAIHq 

yco 

\ 
HC(SR12 

R = Cl-l+) Oder C2Hs(b) 

=k 

0 St e32 

OH 

Die Oxydation des 2,3-U-Isopropyliden-D-xylose-dimethylthioacetals (4) mit 
Bleitetraacetat miigte Formaldehyd und 2,3-O-Isopropyliden-L-tizreo-dihydroxy- 
succindialdehyd-r-dimethylthioacetal (5) ergeben. Nach der Oxydation wurde der 
Formaldehyd als Dimedon-Verbindung zu 54% nachgewiesen; die sirupose, nicht 
ganz rein isolierbare Verbindung (5) fuhrten wir durch Behandeln mit Methylthio- 
alkohol und Chlorwasserstoff in Dioxan in das kristahisierte L-three-Dihydroxy- 
succindialdehyd-r,4-bis-dimethylthioacetal (6) iiber. Die Verbindung zeigte etwa 
den gleichen Schmelzpunkt und die gleiche, allerdings negative spezifische Drehung 
wie die entsprechende, schon bekannte Verbindung der D-Reihe’. 
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DurchReduktiondes 2,3-O-Isopropyliden-L-t-~ydroxysuccindi~dehyd-I- 
dimethylthioacetals (5) mit Lithiumaluminiumhydrid in Ather und anschliel3ende 
Destillation im Hochvakuum gewinnt man das sirup&e, aber reine a,3-O-Isopropy- 
liden-L-threose-dimethylthioacetal (7). 

Wie oben angegeben wurde, entsteht bei der Kondensation des D-xylose-dime- 
thylthioacetals mit Aceton bei Gegenwart von SchwefelsHure und Kupfersulfat das 
2,3:4,5-Di-O-isopropyliden-D-xylose-dimethylthioacetal (la). Wenn man ftir die 
Reaktion nur Kupfersulfat oder Zinkchlorid als Kondensationsmittel benutzt, so 
erh%lt man ein Gemisch von vier Verbindungen: 3,4-O-Isopropyliden-(12), 4,5-U- 
Isopropyliden-(20) und 2,3:4,5-Di-O-isopropyliden-D-xylose-dimethylthioacetal (la) 
sowie ein Di-U-isopropyliden-D-xylose-dimethylthioacetal, das nur in sehr ge- 
ringer Menge (1.6%) entsteht und dessen Struktur wir deswegen noch nicht auf- 
klaren konnten. Wahrscheinlich befinden sich die beiden Isopropyliden-Gruppen in 
2,4:3,5Stellung. Durch fraktionierte Kristallisation und S%,tlenchromatographie an 
Aluminiumoxyd gelang es uns, die vier Verbindungen voneinander zu trermen. 

ZunZchst soll die Struktur des 3,4-O-Isopropyliden-D-xylose-dimethylthioace- 
tals (12) beiviesen werden. Die Verbindung hat zwei freie Hydroxyl-Gruppen, sie bildet 
ein Di-benzoat (16); beim Behandeln mit Bleitetraacetat in Benzol entsteht aus ihr 
kein Formaldehyd. Damit ist eine 2,3-Stellung des Isopropyliden-Restes ausgeschlos- 
sen. 

Die 3,4-U-Isopropyliden-Verbindung 12 kann such aus dem 5-O-Benzoyl-D- 
xylose-dimethylthioaceta16 (14) durch Kondensation mit Aceton bei Gegenwart von 
ZinkchIorid zum 5-O-Benzoyl-3,gO-isopropyliden-~-xylose-dimethylthioacetal (11) 
und dessen katalytische Entbenzoylierung mit Bariummethylat in Methanol syn- 
thetisiert werden. Da die Benzoyl-Gruppe die 5-Stellung blockierte, kann sich der 
Isopropyliden-Rest in 12 nicht in 2,5-, 3,5- oder 4,5-Stellung be&den; es bleibt 
jetzt nur noch eine 2,4- oder 3,4-Struktur tibrig. Das 3,4-O-Isopropyliden-D-xylose- 
dimethylthioacetal (12) kann durch partielle Benzoylierung mit Benzoylchlorid in 
Pyridin wieder in das 5-O-Benzoyl-3,4-O-isopropyliden-D-xylose-dimethylthioacel 
zuriickgeftihrt werden. Die partielle Tosylierung mit p-Toluolsulfons~urechlorid in 
Pyridin ergibt das 3,4-O-Isopropyliden-5-O-p-toluolsuifonyl-~-xylose-dimethylthio- 
acetal(15). Daraus gewinnt man durch Austausch der Tosylat-Gruppe mit Natriumben- 
zoat in DimethyXormamid ebenfalls das PO-Benzoyl-3,&O-isopropyliden-D-xylose- 
dimethylthioacetal(l1). Diese Reaktion ist ein Beweis daftir, daB die Tosyl-Gruppe in 
15 und damit such die Benzoyl-Gruppe in 11 die 5-Stellung einnimmt und dal3 keine 
Umlagerung stattgefunden hat, denn der Austausch verli-luft nach einem S,a-Mecha- 
nismus unter Walden-Inversion; hgtte die Tosylat-Gruppe nicht am symmetrischen 
C-5, sondem an einem der asymmetrischen C-Atome gesessen, kiinnte kein D-Xylose- 
Derivat entstanden sein. 

Dal3 die Isopropyliden-Gruppein 11 und damit such in 12 die 3,4-: nicht aber die 
2,4-Stellung einnimmt, ergibt sich schlieglich aus folgender Realctionsreihe: Das 5-O- 
Benzoyl-3,4-O-isopropyliden-D-xylose-dimethylth.ioacetal(ll) wird mit Quecksilber- 
(II)-chIorid, Quecksilberoxyd und Methanol in das entsprechende Dimethylacetal 8 
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iibergefiihrt und dieses zum 5-O-Benzoyl-3,4-O-isopropyliden-2-O-methyl-D-xylose- 
dimethyIacetal(9) methyliert, aus dem man zunZchst mit Salzsiiure den Ketal-Ring 
unddie Dimethylacetal-Gruppierung und anschlieDend mit Bariummethylat in Metha- 
nol den Benzoyl-Rest abspaltet; man erhiilt so die bekannte, kristahisierte 2-O- 

Methy&D-xy~ose7*8 (10). 
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Die Struktur des 3,4-O-Isopropyliden-D-xylose-dimethylthioacetals (12) wird 
auchdurchdieUmsetzungmit Quecksilber(II)-chlorid, Quecksilberoxyd und Methanol 
gestitzt. Es bildet sich dabei nicht das Methyl-34-O-isopropyliden-D-xylopyranosid, 
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sondem das 3,4-U-Isopropyliden-D-xylose-dimethylacetal (13). Die Bildung des 
Dimethylacetals wird verstZndlich, wenn man bedenkt, daS im Methyl-3,4-O- 
isopropyliden-D-xylopyranosid die Verschmelzung eines Fiinfringes mit einem Sechs- 
ring vorliegen wiirde, was eine gewisse Deformation des Sechsringes bedingtg. 
Daher entsteht nicht das Xylopyranosid, sondem das spannungsfreie 3,4-O-Isopro- 
pyliden-dimethylacetal (13). Bef&rde sich in der Verbindung 12 die Isopropyliden- 
Gruppenicht in 3,4-, sondem in a,4-Stellung, so w&e bei der genanntenUmsetzung ein 
Methyl-z,4-O-isopropyliden-D-xylopyranosid zu erwarten, in dem zwei Sechsringe 
ohne Deformation verschmolzen wgren. Ein Analogiebeispiel hierftir ist die Real&ion 
von z,4-0-Benzyliden-D-ribose-thioacctalen mit MethanoI, Quecksilber(II)-chlorid 
und Quecksilberoxyd, wo in guter Ausbeute das Methyl-2,4-U-benzyliden-a/?-D- 
ribopyranosid gebildet wird lo Es sei noch erwahnt, da13 man 3,4-O-Isopropyliden- _ 
dimethylacetal (13) such aus dem oben genannten 5-0-Benzoyl-3,4-O-isopropyliden- 
D-xylose-dimethylacetal(8) durch Entbenzoylierung mit Barlummethylat in Methanol 
erh5lt. 

Mit dem 3,4- O-Isopropyliden+ U-p-toluolsulfonyl-D-xylose-dirnethylthioacetal 
(15) fuhrten wir noch einige Synthesen durch. Die Hydrierung der Verbindung mit 
Lithiumaluminiumhydrid fuhrt zum 5-Desoxy-3,4-O-isopropyliden-D-xylose-dimethyl- 
thioacetal(13). Beim Erhitzen von 15 mit Natriumazid in Dimethylformamid wird die 
Tosylat- gegen eine Azido-Gruppe ausgetauscht, das dabei gewonnene +4zido+des- 
oxy-3,4-O-isopropyliden-D-xylose-dimethylthioacetal(18) liil3t sich mit Lithiumalumi- 
niumhydrid zum ~-Amino-~-desoxy-3,4-O-isopropyliden-D-xylose-dimethylthioacetal 
(19) reduzieren. 

Ftir das oben genannte 4,5-O-Isopropyliden-D-xylose-dimethylthioacetal (20) 
ist die Struktur noch zu beweisen. Wir behandelten die Verbindung mit Methanol, 
Quecksilber(II)-chlorid und Quecksilberoxyd; dabei entstand nicht ein Methyl-U-iso- 
propyliden-D-xylosid, sondern das 4,5-O-Isopropyliden-D-xylose-dimethylacetal (21). 
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Bei der Oxydation mit Bleitetraacetat in Benz01 verbraucht die Verbindung in 
16 Stunden 0.93 Mol. des Oxydationsmittels; Formaldehyd wird dabei nicht gebildet. 
Nach diesem Ergebnis kiinnte der Isopropyliden-Rest in der oxydierten Verbindung 
nur die 4,5- oder die z,5-Stellung eimrehmen. 

Nach den bisherigen Erfahrungen ist aber die Bildung eines y-Ringes (25 

Stellung) unwahrscheinlich, wenn die Miiglichkeit zum Entstehen von a-Ringen be- 
steht. Die 4,5-Struktur der Verbindung 20 diirfte damit sehr wahrscheinlich sein. 

Wir versuchten such, die Struktur des 4,5-U-Isopropyliden-D-xylose-dimethyl- 
acetals (21) durch Methylieren zu stiitzen. Die Methylierung der Verbindung ftihrte 
zum sir-up&en, aber reinen 4,5-O-Isopropyliden-~,3-di-O-methyl-~-xylose-dimethyl- 
acetal(22). Daraus lieDen sich der Ketal-Ring und die Dimethylacetal-Gruppierung 
durch Hydrolyse mit Salzsaure entfemen. Die dabei zu erwartende a,3-Di- O-methyl-D- 
xylose (24) wurde in der Literatur r1 als schwer kristallisierende Verbindung mit einem 
Schmelzpunkt von 79-80” und einer spetischen Drehung von f23” (nach vier Stun- 
den, in Wasser) beschrieben. Die von uns gewonnene 2,3-Di-O-methyl-D-xylose kristal- 
lisierte bisher noch nicht. Die sirupiise Substanz zeigt eine spetische Drehung von 
+ 17.2~ in Wasser, sie ist demnach noch nicht rein. 

Zur weiteren Charakterisierung fuhrten wir das 4,5-O-Isopropyliden-D-xylose- 
dimethylthioacetal durch Acetylieren mit Acetanbydrid und Pyridin in das 2,3-Di- 
O-acetyl-4,5-O-isopropyliden-~xylose-dimethylthioa~~l (23) iiber. 

Die Bildung der cyclischen Ketale aus einer Polyhydroxy-Verbindung, einem 
Keton und einem sauren Katalysator verlPuft iiber mehrere Zwischenstufen. Man 
nimmt an12, daD die Polyhydroxy-Verbindung (25) zunHchst das Keton und ein 
Proton addiert; das gebildete Additionsprodukt (26) spaltet nun Wasser ab und 
liefert ein Carbenium-Ion (27). Dieses liefert schliel3Iich durch Abgabe eines Protons 
das cyclische Ketal(28). Der ProzeD ist reversibel, die Hydrolyse des cyclischen Ketals 
zur Polyhydroxy-Verbindung verl%uft also riickliiufig tiber die gleichen Zwischen- 
stufen. Die RingSffnung im cyclischen Ketal(28) unter dem EinfluB eines Protons mu13 
aber nicht unbedingt zum gleichen Carbenium-Ion (27) ftihren, aus dem es urspriing- 
lich entstanden war; die Ringiiffnung kann such in der Weise stattiden, da8 das 
Carbenium-Ion (29) entsteht. Dieses hat mm nicht nur die MSglichkeit, das cyclische 
Ketal(28) zuriickzubilden, es kann such mit der oberen Hydroxyl-Gruppe in Reak- 
tion treten, wobei das isomere cyclische Ketal(30) entsteht. Nach diesem Mechanismus 
mu13 es prinzipiell moglich sein, ein Ketal, das man im zugeharigen Keton gelSst hat, 
mit einem sauren Katalysator in ein isomeres Ketal umzulagem. 

EinesolcheUmlagerungste~tenwirbeim4,5-O-Isopropyliden-~-xylose-dimethyl- 
thioacetal(20) fest. Wenn man die Verbindung in Aceton bei Gegenwart von Zink- 
chlorid eine Stunde bei 20~ stehen 18Bt, erhi+ilt man nach dem Aufarbeiten das 3,4-O- 
Isopropyliden-D-xylose-dimethyltbioacetal(l2) mit einer Ausbeute von go% als reine 
Verbindung. Eine Di-O-isopropyliden-Verbindung konnten wir nicht als Nebenpro- 
dukt isolieren. 

LaBt man das 4,5-O-Isopropyliden-D-xylose-dimethyltbioacetal (20) nicht eine, 
sondem 24 Stunden in Aceton bei Gegenwart von Zinkchlorid stehen, so isoliert man 
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anschliel3end 41% 3,4-U-Isopropyliden- (12) und auDerdem 20% Di-U-isopropyliden- 
D-xylose-dimethylthioacetal, in dem wahrscheinlich, wie oben bereits erwzhnt, eine 
2,4:3,+Struktur der beiden Ketal-Ringe vorliegt. 

Eine Umlagerung des schon bestehenden Ketal-Ringes und die Bildung eines 
zweiten Ketal-Ringes finden such statt, wenn man Aceton und Zinkchlorid 24 Stunden 
auf 3,4-0-Isopropyliden-D-xylose-dimethylthioacetal (12) einwirken Mt. Wir 
erhielten dabei das 2,3:4,5-Di-O-isopropyliden-o-xylose-dimethylthioa~~l (la) 
mit einer Ausbeute von 90%. 

P 
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Die leichte Bildung eines a-Ketal-Ringes zeigt sich bei der Umsetzung des 2,3-O- 
Isopropyliden-D-xylose-dimethylacetals (4) mit Aceton und Zinkchlorid; nach 
zweistiindiger Reaktionszeit kann man das 2,3:4,5-Di-O-isopropyliden-D-xylose- 
dimethylthioacetal (la) mit einer Ausbeute von 78% als reine Verbindung isolieren. 
Umlagenmgen finden hier offenbar nicht statt, denn auDer la liel3en sich keine anderen 
Isopropyliden-Verbindungen isolieren. 

Die vorliegenden Untersuchungsergebnisse zeigen, da13 a-Ketal-Ringe schnel- 
ler gebildet werden als aT-Ketal-Ringe, sich aber unter dem Einflul3 saurer Katalysato- 
ren leicht in crT-Ketal-Ringe umlagem. Diese sind stabiler als a-Ketal-Ringe, denn wenn 
in einer Verbindung (z. B. 2.~:4,~-Di-O-isopropyliden-~-xylose-dimethylthioa~~l) 
beide Ringtypen vorliegen, wird der a-Ketal-Ring bei der Hydrolyse mit Slure zuerst 
abgespalten. Zwischen Bildungstendenz und Stabilitgt besteht also keine Parallele. 

EXPERIMENTELLER TEIL 

Darstellung der 0-IsopropyLden-wxyZose-diaZkyZthioacetaie_ - Bei den unten un- 
ter(a) his(i) aufgeftihrten Umsetzungen werden folgende Verbindungenisoliert : z&3:4,5- 
Di-0-isopropyliden-D-xylose-dimethylthioacetil (la), Nadeln aus n-Hexan, Schmp. 
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lgl3t die LSsung3 Tage bei + 6” stehen,saugt das auskristallisierte 3,4-O-Isopropyliden- 
D-xylose-dimethylthioacetal (12) ab und wsscht mit 20 ml Benz01 nach. Nach dem 
Umkristallisieren wird die reine Verbindung 12 mit einer Ausbeute von 9.1 I g (34%) 
gewonnen. Das vereinigte benzolische Filtrat versetzt man mit 15 ml iithanol, 
dampft ein, lest den Riickstand in 50 ml Benzol, filtriert die Lijsung durch eine Sgule 
(Durchmesser 3.5 cm), die auf eine Lgnge von 35 cm mit Aluminiumoxyd gefiillt ist, 
wHscht mit 150 ml Benz01 und dann mit 150 ml Athanol nach. Man fgngt zun&hst 
die ersten 200 ml und dann getrennt davon die restlichen 150 ml der durchgelaufenen 
Fliissigkeit auf. Erstere dampft man ein, extrahiert den Riickstand mit 40 ml siedendem 
n-Hexan und filtriert das zuriickbleibende 2,3.4,5-Di-O-isopropyliden-D-xylose- 
dimethylthioacetal heiS ab, das nach dem Umkristallisieren mit einer Ausbeute von 
0.50 g (1.6%) gewonnen wird. Beim Abkiihlen des heil3en Filtrates kristalli- 
siert das 2,3:4,5- Di-0-isopropyliden-D-xylose-dimethylthioacetal aus, es wird nach 
dem Umkristallisieren mit einer Ausbeute von 7.20 g (23%) gewonnen. Die oben 
genannten 150 ml der durch die SBule gelaufenen Fliissigkeit werden eingedampft; 
das dabei zuriickbleibende 4,5-O-Isopropyliden-D-xylose-dimethylthioacetal(20)erh~t 
man nach einer Destillation im Hochvakuum mit einer Ausbeute von 2.35 g (9%) 

(d) Umsetzung VW &i-O-I..opropyZiden-D-_..yZose-dimethyZthioacetaZ (20) mit Ace- 

ton und Zinkchlorid. Man schiittelt 2.68 g (0.01 Mol) 20 in 30 ml Aceton mit 3.0 g was- 
serfreiem Zinkchlorid 24 Stdn. bei 20~ und arbeitet auf, wie unter (c) beschrieben, dabei 
wird jedoch nur der zehnte Teil der unter (c) angegebenen L6sungsmittel und Reagen- 
zien verwendet. Es werden 1.10 g (41%) reines 3,4-O-Isopropyliden-D-xylose-dime- 
thylthioacetal(l2) isoliert. Das benzolische Filtrat, das man nach dem Absaugen des 
rohen 12 erhglt, wird eingedampft, das zuriickbleibende 2,3,4,5-Di-O-isopropyliden-D- 
xylosedimethylthioacetal umkristallisiert. Die Ausbeute an reiner Substanz betrzgt 
o-63 g (20%). 

(e) Umsetzung von 3,.+0-lsopropyliden-D-xyZose-dimethyZthioacetaZ (12) mit Ace- 

ton undZinkchZorid_ Man schiittelt 2.68 g (0.01 Mol) 12 in 3omlAceton mit 3.og wasser- 
freiem Zinkchlorid 24 Stdn. bei 20°, gibt 30 ml iither und eine Lijsung von 4.0 g 
Kaliumcarbonat in 4.0 ml Wasser hinzu, schiittelt durch, filtriert das Zinkcarbonat ab, 
w&cht mit 30 ml &her nach, trocknet die Btherischen Extrakte, dampft ein und 
kristallisiert den Riickstand urn. Man gewinnt 2.78 g (90%) reines 2,3:4,5-Di-O- 
isopropyliden-D-xylose-dimethylthioacetal (la). 

(f) Umsetzung von t,3-O-lsopropyZiden-D-xyZose-dimethyZfZ~ioacetaZ(4) mit Aceton 
and Zinkchlorid. 2.68 g (0.01 Mol) 4 werden behandelt, wie unter (e) angegeben,man 
schiittelt jedoch nur 2 Stdn. Die Ausbeute an reinem 2,3:4,5-Di-O-isopropyliden-D-xy- 
lose-dimethylthioacetal betGgt2.40 g (78%). 

(g) Umlagerzmg von 4,5-0-lsopropyliden-D-xylose-dimethylthioacetal (20)_ 2.688 

(0.01 Mol) 20 werden in 30 ml Aceton mit 3.0 g wasserfreiem Zinkchlorid I Stde. bei 20~ 

geschiittelt. Dann arbeitet man auf, wie unter (c) angegeben; man verwendet jedoch 
nurdenzehntenTeil der LGsungsmittel und Reagenzien. Es werden 2.41 g (90%) reines 
3,4-0-Isopropyliden-D-xylose-dimethylthioacetal (12) gewonnen. 

(h) PartieZZe HydroZysevon2,~:q,~-Di-O-isopropyZ~den-D-xyZose-dimethyZthioacetaZ 
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(la). Man erw&-mt 3.08 g (0.01 Mol) la mit 25 ml 8o-proz. Essigsaure im Wasserbad 
I Stde. auf 40’ und verfghrt, wie friiher zur Darstellung der 2,3-0-Cyclohexyhden-n- 
arabinose-thioacetale angegeben’. Das Rohprodukt wird im Hochvakuum destilliert. 
Die Ausbeute an reinem 2,3-O-Isopropyliden-D-xylose-dimethylthioacetal (4) 
betr@t 1.16 g (43%). 

(i) Entbenzoylierung van ~-O-Benzoyl-~,~-O-isopropy?iden-D-xylose-dimethylthio- 

acetaZ (11). Man l&t 3.73 g (0.01 Mol) 11 (siehe unten) in I oo ml Methanol, gibt 20 ml 
O.IN Ba(OCH,), in Methanol h&u, lgl3t 16 Stdn. bei 20~ stehen, neutralisiert mit O.IN 
H,SO,, schiittelt mit etwas Bariumcarbonat und Aktivkohle, filtriert, dampft ein und 
kristallisieti den Rtickstand urn. Man gewinnt 2.58 g (96%) reines 3,4-O-Isopropyliden- 
D-xylose-dimethylthioacetal (12). 

2,3:d5-Di-O-isopropyZiden-aldehydo-D-xy1ose (2). - Man erw%-mt 0.01 Mel la 
oder lb mit 60 ml Aceton, 6.0 ml Wasser, 6.0 g Quecksilber(IJ)-chlorid und 6.0 g 
Quecksilberoxyd 5 Stdn. unter Riihren auf 40”, filtriert, w%cht den Riickstand mit 
30 ml Aceton, dampft das vereinigte Filtrat bei Gegenwart von 1.0 g Quecksilberoxyd 
ein, extrahiert den Rtickstand dreimal mit je 30 ml heiBem Chloroform, schiittelt die 
LSsung mit 30 ml N KJ sowie mit IO ml Wasser, trocknet iiber Natriumsulfat, dampft 
im Vaknum ein und destilliert den Riickstand bei IO& Torr und 7o-90” Badtempera- 
tur. Ausbeute 1.38 g (60%), farbloser Sirup, [a]‘: -22.8O (c 2.09 Methanol), ng 
1.4538. Die Verbindung ist nicht ganz analysenrein. Ftir die entsprechende r_-Verbin- 
dung werden angegeben4 [cc]~ +25_2O (c 3-9, Methanol), n1,6 1.4545. 

2,3=#,5-Di-O-isopro~y~~den-D-_~y~ose-se~~icarbazo~ (3)_ - 0.218 g (0.001 Mol) 2 
werden in 2.0 ml absol. Athanol mit 0.10 g Semicarbazid 3 Stdn. unter RiickfluB 
gekocht. Nach dem Erkalten gibt man bis zur Trlibung Wasser h&u, BiBt beio” stehen, 
filtriert die ausgeschiedene Kristalle ab und kristallisiert aus Benzol-n-Hexan urn. 
Ausbeute o. 154 g (54%). Ngdelchen, Schmp. r7g”, [&’ - 30.5” (c I. 19, Chloroform). 
Fiir die entsprechende r_.-Verbindung werden angegeben4 Schmp. 175-176”, [a];* 

tzg.4” (c 2.7, Chloroform). (Cr2H2rN305 Ber.: C, 50.17; H, 7.37; N, 14.62. Gef. : 

C, 50.23; H, 7.69; N, 14.68%). 
L-threo-Dihydro.ry-succindialdehyd-r,q-bis-dimethyfthioacetal(6).-Man oxydiert 

2.68 g (0.01 Mol) 4 mit Bleitetraacetatundsetztdasdabeigebildete2,3-O-Isopropyliden- 
L-threo-dihydroxy-succindialdehyd-I-dimethylthioacetal (5) mit Methylthioalkohol 
und Chlorwasserstoff in Dioxan urn, wie frtiher fur die Darstellung der entsprechenden 
D-Verbindung beschrieben’. Ausbeute 1.68 g (61%), Nadeln aus n-Hexan, Schmp. 
rrS”, [a]% -4.4” (c 1.92, M th e anol). Fiir die entsprechende n-Verbindung werden 
angegeben’ Schmp. 116O, [cc]‘,’ +5.5O (c 1.72, Methanol). 

2,3-0-lsopropyliden-L-threose-dimethylthioacetal Q.-Man last 2.68 g (0.01 Mol) 
4 in IOO ml Benzol, gibt 5.0 g gepulvertes Bleitetraacetat hinzu, riihrt 20 Min. bei 2o”, 
filtriert das ausgefallene Bleisalz ab, wgscht das Filtrat dreimal mit je 30 ml gesgttigter 
Natriumhydrogencarbonat-Losung sowle einmal mit 20 ml Wasser, trocknet mit 
Natriumsulfat und dampft zu einem Sirup ein, der aus rohem 2,3-0-Isopropyliden- 
L-threo-dihydroxysucindialdehyd-r-dimethylthioacetal (5) besteht. Der Sirup wird 
in IOO ml Ather mit 0.5 g Lithiumaluminiumhydrid 5 Stdn. unter RiicklluD gekocht. 
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Dann zersetzt man das ilberschiissige Hydrid unter Kiihlen mit 20 ml Wasser, saugt 
den Hydroxydniederschlag ab, dampft das Filtrat ein und destilliert den Riickstand 
bei ro4 Torr und 11o-120~ Badtemperatur. Ausbeute I.65 g (69%), Sirup, [cc]g3 
-56.4O (c 1.41, Chloroform), ni3 1.5183. (C9H1803St Ber.: C, 45.34; H, 7.61. Gef.: 

C, 45.26; H, 7.70%). 
pO-Benzoyl-3,q-O-isopropyliden-D-xylose-dimethylacetaI (S).-3.73g10.01 Mol) 

11 (siehe unten) werden mit 60 ml Methanol, 6.0 g Quecksilber(II)-chlorid und 6.0 g 
Quecksilberoxyd behandelt, wie friiher fiir die Darstellung des 4,5-U-Cyclohexyliden- 
D-arabinose-dimethylacetals angegebenl. Das sirupose Rohprodukt wird bei 10~ 

Ton- und I&--I& Badtemperatur destilliert. Ausbeute 1.77 g (52%), Sirup, [cc];’ 
+31.5” (c 1.87, Chloroform), ni” I-5038. (C,,H,,O, Ber.: C, 59.98; H,7.11. Gef.: 

C, 59.94; H, 7.18%). 
~-O-BenzoyZ-~,q-O-isopropyliden-z-O-methy~-~-xyZose-dimethytaceta~(9).- Man 

lost 3.40 g (0.01 Mol) 8 in 50 ml Dimethylformamid, fugt 3.0 ml Methyljodid und 4.0 g 
Silberoxyd binzu, schiittelt 12 Stdn. bei 20°, saugt die Silberverbinduugen ab, wHscht 
mit IO ml Dimethylformamid nach, versetzt das Filtrat mit einer Lijsung von 0.2 g 

Natriumcyanid in mo ml Wasser, extrahiert die LSsung zweimal mit je 80 ml lither, 
wHscht den vereinigten &her-Extrakt zweimal mit j e 30 ml Wasser, trocknet mit 
Natriumsulfat, destilliert den Ather ab und destilliert den Riickstand bei 10~ Torr 
und 125-130~ Badtemperatur. Ausbeute 2.76 g (78%), Sirup, [a];’ -l-24.2’ (c 1.66, 
Chloroform), ng” 1.4914. (Cl* Hz60, Ber.: C, 61.oo; H, 7.39; 0CH3, 26.27. Gef.: 
C, 61.12; H, 7.12; OCHJ, 26.01%). 

z-0-Methyl-p_xylose (lo).-Man kocht 0.35 g (o.oor Mol) 9 mit 2.oml Methanol 
und 0.5 ml N HCl3 Stdn. unter RiickfluB, verdiinnt mit 20 ml Methanol, neutralisiert 
durch Schiitteln mit 2.0 g eines Anionenaustauschers (Wofatit L), filtriert und dampft 
zu einem Sirup ein. Dieser wird mit IO ml Methanol und 2.0 ml 0.1~ Ba(OCH,)2 in 
Methanol entbenzoyliert, wie zur Darstellung von 12 unter (i) angegeben. Den Riick- 
stand kristallisiert man aus Methanol-Benz01 urn. Ausbeute 0.082 g (50%), Blsttchen, 
Schmp. 137-138”, [Q]~O -23.5” (nach 3 Min.)-+ f35.2” (nach 24 Stdn., c 1.05,Wasser); 
Lit.‘, Schmp. 132--I33O, [& -23-g” -, -I- 35.90 (nach 20 Stdn., c 3.62, Wasser); Lit.*, 
Schmp. I 35-r37O, [a]h6 -23O--t +35” (nach 24 Stdn., c 3.50, Wasser). 

~-O-Benzoyl-~,~-O-isopropyIiden-~-xylose-dimethyZtltioacetal (11). - (a) 3.32 g 

(0.01 Mol) 5-O-Benzoyl-D-xylose-dimethyIthioacet& werden mit 30 ml Aceton und 
3.0 g wasserfreiem Zinkchlorid 3 Stdn. bei 20~ geschiittelt. Dann gibt man 50 ml &her 
und eine Liisung von 4.0 g Kaliumcarbonat in 4.0 ml Wasser hinzu, schllttelt kraftig 
durch, fiItriert das Zinkcarbonat ab, w&cht mit 50 ml &her nach, trocknet das ver- 
einigte Filtrat mit Natriumsulfat, destilliert den Ather ab und kristallisiert denRiick- 
stand mehrmals aus n-Hexan urn. Ausbeute 1.30 g (35%). 

(b) Man ISst 2.68 g (0.01 Mol) 12 in 2oml Pyridin, lgl3t bei - IO’ unter Riihren im 
Verlauf von 30 Min. eine Lijsung von 1.55 g (0.01 I Mol) Benzoylchlorid in 5.0 ml 
Pyridin zutropfen, riihrt 6 Stdn. bei -IO“, lgi13t 16 Stdn. bei 20~ stehen, giel3t dann in 
150 ml Wasser, filtriert nach einigen Stdn. das Rohprodukt ab und kristallisiert nach 
dem Trocknen aus n-Hexan urn. Ausbeute 2.60 g (70%). 
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(c) Eine LSsung von 4.23 g (0.01 Mol) 15 (siehe unten) in 60 ml Dimethylfoma- 
mid kocht man mit 4.32 g (0.03 Mol) Natriumbenzoat 2 Stdn. unter RiickfluB, kiihlt auf 

zoo, fugt 60 ml Wasser hinzu, schtittelt die L&ung dreimal mit je 50 ml &her, wgscht 

die vereitigten &her-Extrakte zweimal mit je 30 ml Wasser, troclcnet mit Natrium- 
sulfa& dampft ein und kristallisiert aus n-Hexan urn. Ausbeute 2.80 g (75%), Nadeln, 
Schmp. go0, [ali +31_3” (c 1.83, Chloroform). (C,:H,,O,S, Ber.: C, 5481; H, 6.49. 

Gef.: C, 54.52; H, 6.53%). 

3.4-O-lsopropyliden-~-xylose-dimethylaceZ (13). - (a) 2.68 g (0.01 Mol) 12 
werden mit 60 ml Methanol, 6.0 g Quecksilber(Il)-chlorid und 6.0 g Quecksilberoxyd 
behandelt, wie frliher fur die Darstellung des 4,5-O-Cyclohexyliden-o-arabinose- 
dimethylacetals angegeben’. Das Rohprodukt wird aus wenig Ather umkristallisiert. 
Ausbeute 1.1 I g (47%). 

(b> 3.40 g (o.01 Mol) 8 werden mit IOO ml Methanol und 20 ml 0.1~ Ba(OCH& in 
Methanol entbenzoyliert, wie zur Darstellung van 12 unter (i) angegeben. Den Riick- 
stand kristallisiert man aus wenig Ather urn. Ausbeute 2.23 g (g4%), Prismen, Schmp. 
8o”, [c&’ +45.6” (c 1.54, Chloroform). (C10H2006 Ber. : C, 50.83; H, 8.53. Gef.: 

C 50.56; H, 8.54%). 
3,4-O-lsopropyZiden-5-O-p-toZuolstrlfonyZ-D-~iose-d~methyZthioacetaZ(l~.- Man 

l&t 2.68 g (0.01 Mol) 12 in 20 ml Pyridin, l&t unter Riihren bei - roO eine LGsung von 
2.10 g (o-011 Mol) p-Toluolsulfonsaurechlorid in IO ml Pyridin zutropfen, riihrt 
6 Stdn. bei - IOO, 1HDt 16 Stdn. bei 20~ stehen, gieBt in 150 ml Wasser und kristallisiert 
das ausgefallene Rohprodukt aus vie1 n-Hexan urn. Ausbeute 3.51 g (83%), Nadeln, die 
Verbindung schmilzt bei I 02O, erstarrt dann wieder und schmilzt emeut bei Iog”,[or]~o 

f28.3” (c 1.01, Chloroform). (C1,HZ606S3 Ber. : C, 4831; H, 6.20. Gef.: C48.37; 

H, 6.47%). 
~,~-Di-O-benzoyZ-~,qO-isopropyfiden-~-_~yZose-d~methyIthioacetaI (16). - Man 

gibt zu einer LSsung van 2.68 g (0.01 Mol) 12 in 20 ml Pyridin bei o” unter Riihren trop- 
fenweise eine Losung von 3.09 g (0.022 Mol) Benzoylchlorid in 5.0 ml Pyridin, 1BDt 
16 Stdn. bei 20~ stehen, giegt unter Riihren in 500 ml Wasser, nimmt den ausgefallenen 

Sirup in 30 ml Chloroform auf, wascht mit 30 ml 2-proz. Kaliumhydrogensulfat- 

und mit 30 ml gesgttigter Natriumhydrogencarbonat-Losung sowie mit 20 ml Wasser, 

schiittelt mit Natriumsulfat und Aktivkohle, filtriert, dampft ein und trocknet den 

zuriickbleibenden Sirup bei 0.1 Torr und 65”. Ausbeute 4.24 g (89x), Sirup, [oL]~’ 

+25.5” (c 1.79, Chloroform), ?zi” 1.5602. (C,,H,,O& Ber.: C, 60.48; H, 5.92. Gef. : 

C, 60.68; H, 5.93%). 
5-Desoxy-3,q-O-isopropyliden-D-xyZose-dimethyZthioacetal (17). - Eine Lijsung 

von 4-328 (0.01 Mol) 15 in 30 ml Benz01 und 80 ml lither wird unter Riihren tropfenweise 
mit einer LSsung von I -5 g Lithiumaluminiumhydrid in 501nl &her versetzt und 8 Stdn. 

unter RiiclcfluD gekocht. Dann gibt man unter Ktlhlen 5.0 ml Wasser hinzu, saugt den 

Hydroxydniederschlag ab, dampft das Filtrat ein und destilliert den Riickstand bei 

10~ Torr und roo-105” Badtemperatur- Ausbeute 1.15 g (46%), Sirup, [CL]:’ -2.1~ 
(c 3.71, Chloroform), n,$O 1.5035. (C,,H,,O,S, Ber.: C, 47.58; H, 7.99. Gef.: 

C> 47-43; H, 7.59%). 
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~-Azido-~-desoxy-~,~-O-isopropyliden-~-xylose-dimet~~yIthioaceta~ (18) - 4.23 g 

(o-01 Mol) 15 werden in 60 ml Dimethylformamid mit 1.95 g (0.03 Mol) Natriumazid 
2 Stdn. unter RiickfluD gekocht. Nach dem Abktihlen gibt man 60 ml Wasser hinzu, 
extrahiert die Liisung dreimal mit je 50 ml &her, wgscht die vereinigten Extrakte 
zweimal mit 30 ml Wasser, trocknet mit Natriumsulfat, dampft em und kristallisiert 
den Riickstand aus n-Hexan um. Ausbeute r-79 g (61%), Nadeln, Schmp. 76”, 
[cc]? + 106.6” (c o-69, Chloroform). (C,,H,a N,O,S, Ber. : C, 40.93; H, 6.53; N, 14.32. 
Gef. : C, 40.63; H, 6.88; N, 14.49%). 

~-Amino-~-deso~-~,~-O-isopropyZiden-~-xyiose-dimet~~ylthioacetal (19)_--2.93 g 
(0.01 Mol) in IOO ml &her gelcstes 18 werden mit 1.5 g Lithiumaluminiumhydrid 
hydriert, wie zur Darstellung von 17 angegeben; man kocht jedoch nur 2 Stdn. unter 
Riickflug und kristallisiert den Riickstand aus n-Hexan urn. Ausbeute I.98 g (74%), 
Nadeln, Schmp. 66” [c$$O + 28.6” (c 0.62, Chloroform). (C10H21N03S2 Ber. : C44.91; 
H, 7.92; N, 5.24. Gef.: C, 44.78; H, 8.02; N, 5.52%). 

4,5-0-Isopropyliden-D-xylose-dimethy!acetal (21). - 2.68 g (0.01 Mol) 20 
werden behandelt, wie oben zur Darstellung von 13 unter (a) angegeben. Das sirupiise 
Rohprodukt wird bei 10~ Torr und einer Badtemperatur von 125-130~ destilliert. 
Ausbeute 1.20 g (51%), Sirup, [oc]~ + r8.g” (c 2.16, Chloroform), n”,” 1.4578. (C,, 
H2,,06_ Ber.: C, 50.83; H, 8.53. Gef. : C, 51.05; H, 8.23%). 

~,~-O-lsopropyIiden-~,~-di-O-mef~~yI-~-xyZose-dimethyZacetaf (22).-2.36 g (0.01 

Mol) 21 werden mit 6.0 ml Methyljodid und 8.0 g Silberoxyd in IOO ml Dimethylform- 
amid methyliert, wie oben zur Darstellung von 9 beschrieben. Das Rohprodukt wird 
bei 2 Torr und IOO-IIOO Badtemperatur destilliert. Ausbeute 1.88 g (71%), 01, [ol]gz 
+22.3O (c 1.35, Chloroform), ng 1.4370. (C,2H2406 Ber. : C, 54.53; H, g.r5; 
OCH,, 46.97. Gef.: C, 54.25; H, 8.97; OCH,, 46_5g%)_ 

~,~-Di-O-acetyl-~,~-O-isopropyliden-~-xy~ose-d~~ethylt~~ioacetaI(23).- Man Ia& 
eine M&hung von 2.68 g (0.01 Mol) 20, 3.0 ml Acetanhydrid und IO ml Pyridin 16 
Stdn. bei 20’ stehen, gieBt in 150 ml Wasser, nimmt den ausgefallenen Sirup in 30 ml 
Chloroform auf, wascht die Chloroform-LSsung je zweimal mit 30 ml 2-proz. Kalium- 
hydrogensulfat- und mit 30 ml gesattigter Natriumhydrogencarbonat-LSsung sowie 
mit aoml Wasser, trocknet mit Natriumsulfat, dampft ein und destilliertden Riickstand 
bei 10~ Torr und I 10-120~ Badtemperatur. Ausbeute 2.82 g (go%), Sirup, [a]g -7.6” 
(c 2.39, Chloroform), ng r-4960_ (C14H2406S2 Ber. : C, 47.70; H, 6.86. Gef. : 

C, 47.45; H, 6.76%). 

ZUSAMMENFASSUNG 

BeiderKondensation vono-Xylose-dimethylthioacetalmitAceton beiGegenwart 
von Kupfersulfat und Schwefelsaure bildet sich das z,3:4,5-Di-O-isopropyliden-D- 
xylose-dimethylthioacetal. Wird als Kondensationsmittel nur Kupfersulfat oder Zink- 
chlorid eingesetzt, so entsteht ein Gemisch von 3,4-O-Isopropyliden-, 4,5-O-Isopropy- 
liden-, 2,3:4,5-Di-U-isopropyliden- und 2,3,4,5-Di-O-isopropyiiden-o-xylose-dime- 
thylthioacetal (Struktur unsicher). Aus dem Gemisch lassen sich die einzelnen Ver- 
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bindungen durch fraktionierte Kristallisation und Chromatographie an Aluminium- 
oxyd abtrennen. Die 2,3:4,5-Di-O-isopropyliden-Verbindung kann partiell zum 2,3-O- 
Isopropyliden-D-xylose-dimethylthioacetal hydrolysiert werden. Die 4,5-O-IsOprO- 
pyliden-Verbindung wird beim einstiindigen Behandeln mit Zinkchlorid in Aceton in 
die 3,4-O-Isopropyliden-Verbindung umgelagert. Beim Verlangem der Reaktionszeit 
auf 24 Stunden entsteht neben letztgenannter Verbindung das 2,3,4,5-Di-O-isopropy- 
liden-Derivat. Aus dem 3,4-O-Isopropyliden-dimethylthioacetal erhalt man beim 
Behandeln mit Zinkchlorid in Aceton das 2,3:4,5-Di-O-isopropyliden-dimethylthio- 
acetal. Die Strukturen der Verbindungen werden durch Uberfuhren in zugehorige 
Dialkylacetale, Oxydationen mit Bleitetraacetat und Methylierungen bewiesen. 
Besonders vom 3,4-0-Isopropyliden-D-xylose-dimethylthioacetal werden Derivate 
dargestellt. 

SUhfMARY 

When D-xylose dimethyl dithioacetal was condensed with acetone in the presence 
of copper sulphate and sulphuric acid the 2,3:4,5-di-U-isopropylidene derivative 
was obtained. When copper sulphate or zinc chloride was used as catalyst, a mixture of 
the 3,4-O-, 4,5-O-, 2,3:4,5&-O-, and 2,3,4,5-di-0-isopropylidene derivatives was for- 
med. The components of the mixture were isolated by crystallisation and chromato- 
graphy on alumina. The 2,3:4,5-di- 0-isopropylidene derivative was partially hydrolysed 
to 2,3-O-isopropyiidene-n-xylose dimethyl dithioacetal. The 4,5-0-isopropylidene 
derivative rearranged into the 3,4-isomer by treatment for I h with zincchloride in 
acetone. Extension of the reaction time to 24 h gave the 2,3,4,5-di-0-isopropylidene 
derivative in addition to the latter compound. Treatment of the 3,4-0-isopropylidene 
derivative with zinc chloride in acetone gave 2,3:4,5-di-O-isopropylidene-D-xylose 
dimethyl dithioacetal. The structures of the above derivatives was established by the 
application of oxidation with lead tetra-acetate and methylation. Derivatives of the 
3,4-O-isopropylidene compound were obtained. 
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INTRODUCTION 

Although numerousinvestigations concerning the bloodgroup substances(BGS) 
have made clear some important details of the structure of these complex glycopro- 
teins, especially the nature of immunochemical determinants, i.e. terminal carbo- 
hydrate unitsl**, the general molecular architecture remains uncertain. The concept 
of BGS structure as a peptide backbone to which are attached relatively short carbo- 
hydrate chains has, to date, no strong experimental support although it seems 
reasonable on biochemical and genetic grounds3-6. We now report on blood group 
substance-A (BGS-A) from pig stomach linings. 

The high molecular weight of BGS and the complexity of its structure cause 
serious difficulties in the traditional approach to structure determination, i.e. partial 
hydrolysis followed by isolation and structural determination of low-molecular 
weight fragments. We have developed a new approach which includes analytical 
gel-filtration and which has permitted definite conclusions to be drawn about the 
general molecular architecture of BGS including the nature of the linkages between 
the carbohydrate and the peptide chains*. 

MATERIALS AND METHODS 

Hood group substance-A (BGS-A) - The biopolymer was isolated from pig 
stomach linings and purified according to Kabat’s method’. 

Gel-filtration. - Sephadex G-25, G-50, G-100, and G-200 were used. The 
gel-filtration on Sephadex G-200 was performed in o.OIN acetate buffer (pH 5) and 
on the other types of Sephadex in OAN acetic acid. Agar gel was prepared as follows: 
the 7% gel from commercial agar was squeezed through a rough sieve, washed with 
N NaOH and water, filtered, and dried with hot acetone. This preparation was used 
for obtaining gels with required specific concentrations of water followed by crushing 
and twice rubbing through a 60 mesh sieve with subsequent removal of fine particles 
by decantation. 

*During and after the preparation of this article, two papers concerning the same subject were 
published: J. B. ADAMS, Biochem. J., 94 (1965) 368; K. 0. LLOYD, E. A. KABAT, E. J. LAYUG, AND 
F. GRUEZA, Biochemistry, 5 (1966) 1489. 
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Analytical methods. (a) Neutral monosaccharides’. A o. I % solution of anthrone 
in HzS04 (1.5 ml) was added to an aliquot part (0.1-0.5 ml) of the solution to be 
examined, the mixture was shaken, heated for 20 min at go”, and the optical density 
at 608 rnp w& measured. 

(b) Fucose. The method of Dische and Shettles’ was modified as follows: 2.5 ml 
of diluted H2S04 (g-3:1) was added to the aliquot part (0.2 ml) and the SOlUtiOn was 

heated on a boiling water bath for IO min. After cooling, a 3% solution of cysteine 
hydrochloride (0.1 ml) was added and after 4 h at room temperature in the dark, the 
optical densities at 396 m/r and430 rnp were measured and the difference ds (ss9s - ~30) 
was calculated. 

(c) Hexosamines. A modified Elson-Morgan method” was used: 4N HCl 
(0.5 ml) was added to the aliquot part (0.5 ml) and the solution was heated at I 10~ 

in a sealed tube for 2 h. After neutralization with 2N NaOH (phenolphthalein), a I ok 

solution of acetylacetone in 0.5~ Na&O, (I ml), Erhlich reagent (I ml), and ethanol 
(I ml) were added. The mixture was warmed at 60-70” for 5-10 min and the optical 
density at 540 m,u was measured. 

(d) Total amino-group content”. A 4% solution of NaHCO, (0.2 ml) and a 
0.1% solution of 2,4,6-trinitrobenzenesulfonic acid (0.2 ml) were added to the ahquot 
part (0.2 ml) and the solution was warmed at 40” for 2 h. N HCl(o.2 ml) and water 
(2.2 ml) were then added and the optical density at 340 m,u was measured. 

(ej Total amino acid content (excludfng proiine and diamino acids). The fractions 
to be examined, corresponding to one definite peak on a gel-titration curve, were 
combined, evaporated to dryness and the residue was heated in a sealed tube with 
6~ HCl at 105” for 20 h. The hydrolysate was evaporated to dryness in vacua, and the 
residue was dissolved in water and re-evaporated. The dry residue was dissolved in 
citrate buffer (ply 5.28), adsorbed on a column (1.2 x 15 cm) of Dowex 50 X 8 (Nat) 
and eluted with the same buffer. The first 20 ml of eluate was collected. The determina- 
tion of the ammo group content in the aliquot was performed as in (d) using valine 
as a standard. 

(j-) Histidine _ I2 To the aliquot part (0.5-1.0 ml) of the fraction, a 4% solution 
of NaHCO, (I ml) was added followed by a solution of diazotized 5-amino-r-H- 
tetr-azole (0.1 ml) (prepared from 70 mg of 5-amino-I-H-tetrazole in 3 ml of water). 
After 20 min, water (3 ml) was added and the optical density at 480 rnp was measured. 

Acid hydrolysis of BGS. (a) A solution of x0-15 mg of BGS per ml of dilute 
HCl (pH 1.5) was heated in a sealed tube on a boiling water bath for 3 h. The hydrol- 
yzate was neutralised with 2~ (BaOH), and 2 ml portions were subjected to gel- 
filtration. The fractions were analysed for various components as described above. 

(b) A solution of BGS in 0.4~ HCl (ro-15 mg per ml) was heated at go” and 
2 ml portions were withdrawn at intervals, and subjected to analytical gel-filtration as 
described above. 

Cleavage qf BGS by alkali in the presence of sodium borohydride. BGS (200 mg) 
was dissolved in 0.1~ NaOH, NaBH4 (40 mg) was added and the mixture was stored 
at 17”. 2o”, or 25O during 6-15 days 13*14. After acidification with 2~ acetic acid, aliquot 
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parts (0.5 ml) were subjected to gel-filtration. The cleavage of BGS by alkali in the 
absence of NaBH4 was performed analogously. 

The amino acid composition in BGS after cleavage by alkali. BGS (46. I mg) was 
dissolved in 0.1~ NaOH (3 ml) and of two I ml aliquot parts, one was immediately 
neutralized with N HCl and evaporated. To the other NaBHa (TO mg) was added and, 
after storage at 17” for 5 days, the solution was evaporated. Both residues were sub- 
jected to total hydrolysis (5.7~ HCl, 20 h, 102’) and the amino acid content was assayed 
with an amino acid analyser. 

Cleavage of BGS in sodium carbonate sol&on. BGS (50 mg) in 0.05~ Na,CO, 
(5 ml, pH 10.8) was heatedI on a boiling water bath for 4-10 min, neutralised 
with N acetic acid and subjected to gel-filtration. 

Isolation of the high molecular weight fragments after alkaline cleavage of BGS. 
The preparations required for subsequent degradation of the peptide part of 
BGS were obtained as follows: BGS (250 mg) was treated with 0.1~ NaOH (5 ml) for 
6 days at 20~ in the absence andpresence of NaBH4 (50 mg) and, in each case, the mix- 
ture was subjected to preparative gel-filtration on a column (coarse, 3.03 x 20 cm) 
of Sephadex G-50. The high molecular weight fractions (as revealed by analyses with 
the anthrone method) were lyophilised. The yield of polymeric material was IOO- 

150 mg. 

Cleavage of the peptide part of BGS. (a). The above polymeric material (go mg) 
was dissolved in 0.1~ acetic acid (3 ml), bromine water was added until a colour 
remained, and the excess of bromine was immediately removed by the addition of 
0.02~ Na&Os. The mixture was brought to pH I I with 2~ NaOH and, after 30 min, 
acidified with acetic acid and subjected to gel-filtration. 

(b) The above polymeric material (30 mg) in dilute HCl (pH 1-5, 3 ml) was 
heated at 100~ for 3 h then neutralised and subjected to gel-filtration. 

RESULTS AND DISCUSSION 

Monitoring of the course of biopolymer degradation by analytical gel-filtration. 
Data obtainable by the usual method of biopolymer structure elucidation, i.e. 

degradation and determination of the structure of low-molecular weight fragments, 
seem, in the case of certain complex biopolymers, unsuitable for the establishment of 
the general picture of biopolymer molecular architecture. The main difficulties are 
connected with the isolation and structure determination of series of overlapping 
fragments which require large amounts of biopolymer. In order to overcome the 
weak points of this classical method, a new approach has been developedwhich avoids 
the investigation of individual fragments and which consists of monitoring polymer 
degradation by analysis of the composition and molecular weight of all the fragments 
formed. For this purpose, the biopolymer is subjected to partial degradation by an 
appropriate method and aliquot parts of the reaction mixture are analysed by gel- 
filtration. The use of different gels permits the separation of fragments according to 
their molecular weight and permits a distinction behveen the low-molecular weight 
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fragments split off and the macromolecular “core” of the polymer. Quantitative 
determination of the components in the fractions obtained allows the fragmentation 
pattern to be built up. A knowledge of the specikity of the degradation method used 
and the data on changes of composition and molecular weights of the fragments 
released during the reaction enables a general picture of the biopolymer molecular 
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Gel-filtration of the products obtained by hydrolysis of BGS-A. Fig. I. Dilute HCI (pH 1-5). 3h, IOOO, 

Sephadex G-zoo (2.16 x 63 cm); Fig. 2,o.w HCI, go”, Sephadex G-25 (1.8 x 65 cm); - reac- 
tion with anthrone, m relative amino acid contents (schematic). Fig. 3. Relative velocities of split- 
ting of sugars and amino acids from BGS-A on hydrolysis with 0.4~ HCI at go”; relation between 
quantities of carbohydrates (---- ) and amino acids (-----) in low molecular weight and polymer 
fractions. 
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architecture to be established. All analyses in this approach may be performed on 
a microscale. 

We have applied such an approach to BGS using mild acid and alkaline hydro- 
lysis for the degradation of sugar chains, carbohydrate-peptide bonds, and peptide 
chains. 

Acid hydroZ@s of BGS-A. The acid hydrolysis of BGS has been carefully 
studied1 and the structure of the terminal units of the carbohydrate chains establish- 
ed”. Reinvestigation of the acid hydrolysis of BGS using the analytical gel-filtration 
techniqueI permits a new important conclusion to be made. The separation pattern 
(Fig. I) of the products of a mild acid hydrolysis of BGS-A (pH 1.5, IOOO, 3 h) using 
Sephadex G-200 established the following points: (a) The polymeric core of the 
macromolecule was not significantly degraded and possibly remains unaltered. Since 
it is not retained by Sephadex G-200, ‘he core of BGS-A has a very high molecular 

weight, andfractionation in 6~ urea proved the absence of aggregation of fragments. 
(b) Intermediate fractions, which should contain the fragments of intermediate molecu- 
lar weight, were absent (the low molecular weight fractions contained only mono- 
saccharides and lower oligosaccharides as established by gel-atration on Sephadex 
G-25). (c) The monosaccharides were approximately evenly distributed between the 
core and the low molecular fragments, whereas the amino aci& remained almost 

entireZy in the core. (d) The content of galactose and hexosamines in the core and the 
low molecular fractions was comparable and that, apparently, these monosaccharides 
are distributed rather uniformly in the carbohydrate part of BGS-A, whereas most of 
the fucose was present in the fragments of low molecular weight, thus con&ning the 
terminal position of this monosaccharide in the carbohydrate chains. 

Thus, no substantial degradation of the peptide part of BGS occurs during mild 
acid hydrolysis, since it remains completely in the core. Under more vigorous con- 
ditions (0.4~ HCl, 9o”, 5 and 15 h) degradation of the peptide chain occurs, but even 
in this case, the release of monosaccharides proceeds much more rapidly than that 
of amino acids, as can be seen from the patterns in Fig. 2. A comparison of the velo- 
cities of cleavage of the monosaccharides and amino acids under the above conditions 
is shown in Fig. 3. 

Alkaline degradation of BGS-A. The lability of BGS in solutions with pH > 7, 
even in very mild conditions (i.e. treatment with sodium carbonate solution), is well 
known14 . However, this peculiarity has not yet been utilised in the elucidation of 
structure. Obviously, this susceptibility of BGS may be a consequence of the presence 
of alkali-labile carbohydrate-peptide bonds including, for example, O-glycosidic 
bonds of se&e and/or threonine residues, or O-acylglycosidic bonds involving 
dibasic amino acid residues.* If this is so, O-glycosidic bonds of hydroxy amino- 
acids and dibasic acids in media with pH > 7 should cleave with the formation of 
carbohydrate fragments and liberation, within the peptide chain, of modified serine, 
threonine, or dibasic acid residues. An investigation of simple O-glycosides of serine” 

* me possibility that oligosaccharide chains contain some alkali-labile bonds cannot be excIu&d_ 
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Gel-filtration of products obtained by treatment of BGS-A with O.IN NaOH f 1% NaBHa: Fig. 4. 
6 days, 17O. Sephadex G-25 (2 x 117 cm); Fig 5. 6 days, 17~. Sephadex G-100 (1.8 x 66 cm); Fig. 6. 
15 days, 2$, Sephadex G-25 (z x 130 cm); - reaction with anthrone, -----Elson-Morgan 
reactIon, ---- Dische and Shettles reaction, m relative amino acid contents (schematic). 
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showed that, at pH > 7, these compounds are highly labile and undergo /I-elimination 
with the formation of a-aminoacrylic acid derivatives. When alkaline degradation is 
carried out in the presence of sodium borohydride, the a-aminoacrylic acid residues 
(formed from serine) are reduced to alanine. This approach permitted a demonstration 
of the presence of O-glycosidic bonds in mucins of submaxillary glands’*, and, 
recently’g.20, in some other glycoproteins. 

Treatment of BGS-A with 0.1~ sodium hydroxide in the presence of I % sodium 
borohydride with subsequent total hydrolysis of the resulting modified biopolymer 
caused a characteristic change in the amino acid composition (see TableI); theserine 
and threonine contents were decreased whereas the contents of the other amino acids 
remained constant and that of alanine was increased. These results constitute unam- 
biguous evidence*’ of the presence of O-glycosidic bonds between hydroxy amino 
acids and the carbohydrate chains in BGS-A. This type of bond is, without doubt, the 
main one involved in the carbohydrate-peptide linkages. It should be mentioned that a 
part of the carbohydrate content remained attached to the polypeptide chain even after 
rather drastic acid and alkaline hydrolysis, possibly indicative of other types of carbo- 
hydrate-peptide linkage, for example N-acyl-glycosylamine bonds involving aspartic 
and glutamic acids; this type of bond has been detected in various glycoproteins. 

Data obtained from the acid hydrolysis of BGS-A support the conclusion that 
U-glycosidic bonds form the main type of carbohydrate-peptide linkage; under the 
conditions chosen (pH I .5, IOOO, 3 h) the model serine glycosides17 are stable. 

The patterns of separation of the products of the alkaline degradation of BGS 
in the presence of sodium borohydride (6 days at 20”) on Sephadex G-25 and G-100 
are represented in Figs. 4 and 5. The following conclusions may be drawn. (a) 
Almost all of the amino acids remain in the core of the biopolymer. The degradation 
of the peptide part of BGS may be observed only under more vigorous conditions 
(see Fig. 6). (b) The monosaccharides and lower oligosaccharides are almost absent 
from the reaction mixture. In other words, the carbohydrate fragments split off have 
rather high molecular weights (established by comparison of the gel-filtration patterns 
on Sephadex G-25 and G-TOO). (c) The molecular weights of the carbohydrate frag- 
ments formed are similar and clearly different from that of the core since there is no 
intermediate fraction on gel-filtration on Sephadex G-100. (d) All the components of 
macromolecular fraction have high molecular weights, although the gel-filtration of 
this fraction on 7% agar-gel shows a marked polydispersity (Fig. 7) (e) Galactose 
and hexosamines are split off in a regular manner thus proving the approximately 
uniform distribution of the monosaccharides in the carbohydrate part of BGS. 

The same conclusion may be drawn from results obtained by application of the 
analytical gel-filtration technique to the degradation of BGS-A with sodium carbonate 
solution (Fig. 8). The macromolecular fragments generated in this case were proved, 
by gel-filtration on Sephadex G-100, to have higher molecular weights than in the 
former case. Consequently, the biopolymer is less extensively ruptured than in the 
alkaline degradation. 
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65 100 ml 

Gel-filtration of products obtained by treatment of BGS-A with 0.1~ NaOH + I % NaBHa, 6 days, 
17*, 7% agar geI (3 x 133 cm) (Fig. 7); 0.0y.f NazCO3, 3 min, IOO", Sephadex G-25 (I.2 x 66 cm) 
(JTig. 8); - reaction with anthrone, -- Dische and Shettles reaction, + - + - + - react- 
ion with Ehrlich’s reagent. 

Cieauags of thepeptidepart of XX-A 

As seen from the above results, the degradation of BGS by acid or alkaE 
occurs with retention of the macromolecular framework (core) of the biopolymer 
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TABLE I 

CHANGE l-N THE AMINO ACID COMPOSITION OF BGS-A AFTER DEGRADATION 

(O-IN NaOET + I % NaBI&, 6 days at 17~) 

Amino acid Contents of amino acid in pibf 

BGS Degraded BGS Difference in ,sM 

Asparatic acid 0.2.+1 0.245 - 

Threonine I.988 1.567 -0.421 
Serine 0.999 o-609 -0.390 
Probe I.218 r-199 - 
Glycine 0.316 o-314 - 

Ahline 0.563 o-833 +0.270 
Glutamic acid 0.352 0.346 - 

which contains practically all of the peptide portion of BGS. Thus, one may conclude 
that a peptide chain forms the skeleton of the macromolecule. In order to verify 
this idea a specific method of degradation of the peptide chain of BGS is required. As 
is well known, the structural study of BGS lacks a suitable method of this sort. The 
cleavage of peptide bonds takes place only under very vigorous acid or alkaline con- 
ditions which also split almost all of the glycosidic bonds resulting in extensive degra- 
dation of the biopolymer. The proteolysis of BGS has, to date, been of little value. The 
action of ficin and papain results in only a few ruptures of the peptide chain’*. The 
protease from the allantoic fluid of chick embryos infected by Asian influenza vi.ru?j 
is much more effective, but the enzyme has not yet been isolated in a pure state with 
the appropriate activity. 

We have used a chemical approach for the degradation of the peptide chain of 
BGS-A based on the reactions of peptides containing unsaturated amino acid resi- 
dues24g2s (i.e. a-aminoacrylic and related acids) as studied on model compounds by 
Patchomik et aLz6. The introduction of an enamine grouping into the BGS peptide 
chain can be easily achieved by the treatment with base. This results in the elimination 
of the carbohydrate chains form the serine and threonine residues and the conversion 
of these hydroxy amino acids into unsaturated &-amino acids with retention of the 
intact peptide chain. In order to decrease the number of these unsaturated groupings, 
the alkaline treatment of BGS-A was carried out in the presence of small amounts of 
sodium borohydride which reduced some of the enamine units. The modified polymer, 
isolated by preparative gel-filtration, was treated with bromine with subsequent adjust- 
ment to pH 10.8 or subjected to mild acid hydrolysis. The results of gel-filtration ofthe 
mixture formed after bromine treatment are represented in Fig. g. As can be seen, 
such degradation causes a disappearance of the fragments of high moIecuIar weight 
and the formation of a mixture of fragments of intermediate molecular weight show- 
ing polydispersity; the monosaccharides and lower oligosaccharides were absent. 
Thus, unlike the acid and alkaline degradations, the macromolecular framework of 
BGS is destroyed. That cleavage takes place at the enamine links of the modified BGS 
was established in experiments with tmmodi8ed BGS. Under similar conditions, very 
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little degradation occurred and this was possibly associated with the attack of histi- 
dine residues by bromine. 

For the estimation of the amino acid contents in the fractions obtained, the 
degradation of modified BGS by means of weak acid is more convenient. The results 
of gel-filtration of the reaction mixture after such a treatment are represented in 
Fig. IO. The analysis of amino acid contents was performed by means of the histidine 
determination. 

The gel-filtration pattern (Fig. IO) shows that, in contrast to the acid and alkaline 
degradations, the distribution of amino acids is uniform and establishes that the 
degradation described above is connected with rupture of the peptide chain which 
formed the macromolecular skeleton of BGS. 

It should be mentioned that degradation of the peptide chain of modified BGS 
by mild acid hydrolysis, in contrast to bromine degradation, leads to partial rupture 
of glycosidic bonds in the carbohydrate part of the biopolymer and, therefore, low 
molecular fractions appear containing the monosaccharides and lower oligosacchar- 
ides. 

It seems that this new method for the degradation of the peptide chain of BGS, 
including the removal of the carbohydrate chain and cleavage of the resulting enamine 
links, may be of value for other glycoproteins containing O-glycosidic carbohydrate- 
peptide bonds. Moreover, this approach may also be of interest in protein chemistry 
although, in this case, special activation of serine and threonine hydroxyl groups will 
be necessary. 

CONCLUSIONS 

Acid and alkaline degradations of BGS with the analytical gel-filtration tech- 
nique show quite clearly that, contrary to previous conclusions2’, a peptide chain forms 
the skeleton of the macromolecule. The macromolecular fragment obtained after acid 
hydrolysis contains nearly all the amino acids whereas peptide chain degradation 
leads to disintegration of the macromolecular framework without the appearance 
of low-molecrularsubstances. This conclusion is supported by the application of hydraz- 
inolysis (known to be a non-specific method for the degradation of peptide chains) to 
BGS. Extensive degradation of the macromolecule occurs with formation of carbohy- 
drate fragments of rather high molecular weight together with hyclrazides of amino 
acids and lower peptides*, as shown in Fig. II. 

The carbohydrate part of BGS-A consists of oligo- and/or polysaccharide 
chains attached to the central peptide chain by O-glycosidic bonds although other 

types of peptide-carbohydrate bonding may be present because carbohydrate still 
remains attached to the macromolecular fraction after vigorous acid hydrolysis which 
causes some degradation of the peptide part of the biopolymer. The size of the carbohy- 
drate chains is not known. It follows, from our data and the results of Kabat et aZ?‘, 

*Details of this part of the investigation will he published elsewhere. 
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E I 
0.6 - 

20 60 100 ml 

E I 
0.6 1 

0.2 - 

I 
30 50 70 90 ml 

E 

1.6 

1.2 - 

0.8 - 

@?L, 

0.4 - 

30 SO 70 ml 

Gel-filtration ofproducts obtained by treatment (see text) of modified BGS-A with bromine water and 
alkali, Sephadex G-too (1.2 x 70 cm) (Fig. 9); by treatment with HCI (pH r.~), 3 h, IOO”, Sephadex 
G-boo (1.2 x 7ocm) (Fig. IO); by treatment of BGS-A with anhydrous hydrazine, rg h, 6o”, Sephadex 
G-25 (1.8 x 6.5 cm); - reaction with anthrone, ----- Elson-Morgan reaction, ------ Dische 
and Shettles reaction, ..___. histidine content, --- reaction with TNBS. 
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that these chains should be rather long and Morgan’s assumption4 of chains containing 
7-10 monosaccharide units seems to be unlikely. There are no chemicaI data on the 
differences of the size and structure of the carbohydrate chains and they may not be 
similar but fucose occupies mainly terminal positions. 

The general molecular architecture of BGS is similar to that of other animal 
glycoproteins. The data presented herein provide the first experimental support of the 
hypothesis suggested by Morgan based on genetic and biochemical considerations3-6. 
Gibbons and Robertszg and SchXman et aZ.‘O considered the labiity of BGS toward 
alkali as incompatible with this suggestion. However, as can be seen from the above 

discussion, this lability is in complete agreement with the proposed structure of BGS-A 
The data presented in this article are concerned only with BGS-A isolated from 

pig stomach linings, but the fact that the change of the specif?city of blood group 
substances can be effected by alteration of the terminal carbohydrate residues suggests 

that a similar structure is likely for other blood group substances. 

SUMMARY 

The molecular architecture of blood group substance-A (BGS), isolated from 
hog stomach linings, was investigated by chemical degradation and subsequent anal- 
ytical gel-lIltration of the products formed. Acid hydrolysis, alkaline degradation, and 
a new method of peptide chain cleavage at the sites of enamine groups were studied. 
The data obtained confIrm the hypothesis that BGS comprises a peptide chain with 
carbohydrate moieties as side chains. O-Glycosidic bonds involving se&e and threon- 
ine residues constitute the main type of carbohydrate-peptide linkage. 
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Hexosulose bis(benzoylhydrazones) have recently’ been converted into r-acyl- 
amido-r,a,3-triazole enol acylates by oxidizing their tetra-O-acetyl derivatives with 
iodine and mercuric oxide. We have now prepared a number of bis(acylhydrazones) 
other than the benzoyl and substituted benzoyl derivatives, as well as some a-acyl- 
hydrazone r-arylhydrazones, to study their reactions. 

Of the bis(acylhydrazones), we prepared D-arabino-hexosulose bis(acetyl- 
hydrazone) (l), bis(nicotinoylhydrazone (2), bis(+phenylsemicarbazone) (3), and bis- 
(thiosemicarbazone) (4), from D-arabino-hexosulose and the corresponding acyl- 
hydra&e or semicarbazide. Compound (3) had been prepared by Stroh’, who reported 
a meltingpoint of 233-23$‘; our product, however, meltedat 245*. The acetates of these 
bis[acylhydrazones) could not be isolated in crystalline form, probably because these 
hydrazones, like the bis(semicarbazones)3, yielded a mixture of acetylated products. 
Like the bis(benzoylhydrazones)r, these bis(acylhydrazones) are colorless. They 
probably exist in the enol form, as evidenced by the characteristic colorations they 
give with ferric chloride, and this might explain why they fail to give the formazan 
reaction4 (to be expected from the hydrazone residue on C-I in the keto form). 

HC=N-NH-R 

I 
C=N-NH-R 
I 

HOCH 

I 
HCOH 

I 
HCOH 

1, R= 3 3 R = &_,, * . 

2. R= 4. R= --CNH~ 
II 
S 

We have also prepared a number of D-arabino-hexosulose a-acylhydrazone 
I-phenylhydrazones (5-16) from D-arabjm-hexosulose r-phenylhydrazone5 and the 
corresponding acylhydrazine. All of these mixed osazones, like the arylosazones, are 
yellow. They fail, however, to give crystalline acetates, and could not be converted 
into the r-substituted c,q-triazole with iodine and mercuric oxide. They react with 
copper sulfate, but, instead of being cyclized to the osotriazoles (like the arylosazones), 
are hydrolyzed to the glucosulose. 

Like the acylosazones, these mixed osazones readily gave the formazan reaction. 
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Their acylhydrazone residue also seems to be in the enol form, as evidenced by the 
coloration they give with ferric chloride, but in this case, the enolized acylhydrazone 

HC=N-NH--h 

I 
C=N-NH-C-R 

I II 
HOCH 0 

I 
HCOH 

I 
HCOH 

I 
CH2W 

5. R= -C& 1% R= -_c6H4Cl-~ 

6, R= -CgHqMe-o X?, R = -C&p-m 

7, R = -_cSH4Me-+ 13,R= -_c6H4N0,--0 

6. R = -_SH_, OMe --p 14.R=-_SH4N4-m 

9. I? = --c6HqCI--0 15. R = -_SH40H-m 

10, R = -GH,CI-m 

16,R = 

residue on C-2 does not prevent occurrence of the formazanformation(which takes 
place by coupling on C-I). Unlike the arylosazone acetates, which give anhydro deriv- 
atives on deacetylation6, the amorphous acetates obtained from these mixed osazones 
afford the starting osazones on saponification. 

In addition, we have prepared another type of D-arabitro-hexosulose 2-acyl- 
hydrazone r-arylhydiazone (17-24) from D-arabino-hexosulose r-(z-methyl-z-phenyl- 
hydrazone)’ and acylhydrazines. These mixed osazones are also yellow, and give 

/Ph HC=N-N, 

I 
Me 

C=N-NH-R 

I 
HOCH 

I 
HCOH 

HCOH 

CYOH 

il N 

17. R= -CPh 2&R= 1 ’ 
0 / C//” 

;i 
18, R= -CQH_,Me-o 

R 
39. R = -CGH4Me-m 22,R= 1 

N\ 

0 
/ 

P c=o 
20.R = -CC,H,Me-p I 

0 

23, R= -&-CH, 

24,R= 
-EN” 

characteristic colorations with ferric chloride, suggesting the enolization of their 
respective acylhydrazone residue. Their crystalline acetates displayed the expected 
resistance toward oxidation (to enol acetates). 

EXPERIMENTAL 

Microanalyses were performed by A. Bernhardt, Mulheim. Germany. Infrared 
absorption spectra were recorded on a Unicam SP 200 spectrophotometer, and ultra- 
violet absorption spectra on a Unicam SP 800. 

D-arabino-Ne.rosu bis(acetylhydrazone) (1). - A solution of D-ambi?ZO- 
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hexosulose (I g) in methanol (IO ml) was treated with acetylhydrazine (0.7 g) and a 
few drops of glacial acetic acid. The mixture was kept for 48 h at o“, and the bis- 
(hydrazone) that separated was filtered off, washed, and dried (0.9 g). It crystaliized 
from water-methanol in colorless plates, m.p. 215-216~ (dec.); [a];’ - 18.1~ (c 1.7, 
water) ; AEzH 296 nyr, log E 4.49; &,r, 225 W, log E 3.62: &mf: 1610 (C=N), 
1675, 1695 (CONH), 3290 cm’-’ (OH). 

Anal. Calc. for CIoH,,N,Os: C, 41.4; H, 6.2; N, 19.3. Found: C, 41.6, H, 6.3; 
N, 19.2. 

D-arabino-i?Texosulose bis(nicotinoyihydrazone) (2). - A solution of D-arabino- 
hexosulose (I g) in methanol (IO ml) was treated with nicotinoylhydrazine (1.5 g) as 
before, and the separated bis(hydrazone) (I g) was filtered off, washed, and crystallized 
from water-methanol in colorless needles, m.p. 200-202” (dec.); [0(]zgO-52.8~ (c 0.5, 
pyridine) ; LEG:; 251, 320 rnp, log E 1.87, 4.36; lZmin 217, 286 m,~, log a 3.86, 4.18; 
~2:; 1595 (C=N), 1665, 1685 (CONH), 3360 cm-’ (OH). 

Anal. Calc. for C,,H,,N,OB - 0.5 H,O: C, 50.8; H, 4.9; N, 19.8. Found: C, 50.7; 
H, 5.0; N, 19.6. 

D-arabino-Hexosulose bis(g-phenykemicarbazone) (3). - A solution of 
+phenylsemicarbazide hydrochloride (2.2 g) in methanol (IO ml) was treated with 

powdered sodium acetate (0.5 g) and the mixture was filtered. To the filtrate, asolution 
of D-arabino-hexosulose (I g) in methanol (IO ml) was added, and the mixture was kept 
overnight at room temperature. Compound 3 (0.8 g) was fittered off, washed, and 
crystallized from aqueous methanol in needles, m.p. 24.4-245” (dec.); [a]‘,” - 114.9~ 
(c 0.2, pyridine); cz; 1600 (C=N), 1640, 1665 (CONH), 3300 cm” (OH). 

Anal. Cab. for CZOHZ&06-0.5 H,O: C, 53.1; H, 5.5; N, 18.6. Found: 
C, 53.2; H, 5.7; N, 18~9. 

D-arabino-WexoszfIose bis(thiosemicarbazone) (4). - A solution of D-arabino- 
hexosulose (I g) in methanol (IO ml) was treated with a solution of thiosemicarbazide 
(I g) in 50% aqueous methanol (IO ml) and a few drops of glacial acetic acid, and the 
mixture was kept for 24 h at 0”. The product (0.9 g) was filtered off, washed, and 
crystallized from methanol in yellow needles, m.p. 230-232~ (dec.); [cY]“,” -27.2O 
(c 0.4, pyridine); c; 1500 (C=S), 1612 (C=N), 3220 cm-’ (OH). 

Anal. Calc. for C,Hr6Ne04SZ: C, 29.6; H, 4.9; N, 25-g. Found: C, 29.8; H, 5.0; 
N, 25.8_ 

D-arabino-He.rosulose a-benzoylhydrazone I-phenylhydrazone (5). - A solu- 
tion of D-arabino-hexosulose r-phenylhydrazone (I g) in water (15 ml) was treated with 
a solution of benzoylhydrazine (0.6 g) in methanol (5 ml) and a few drops of glacial 
acetic acid. After 24 h at room temperature, the product was filtered off, washed, and 
dried (1.2 g). It crystallized from ethanol in yellow, prismatic needles, m-p. 208-210~ 
(dec.); [IX&( +54.2O (c 1.25, pyridine); nEEF 204, 242, 278, 385 mP, log e 4.31, 4.23, 
4.10, 4-34; &,in 219, 265, 317 m& log E 4.07, 4.07, 3.61; <z 1603 (C=N), 1665 
(CONH), 3380 cm-’ (OH). 

Anal. Calc. for Cr9Hz2N40s: C, 59.1; H, 5.7; N, 14.5. Found: C, 59-r; H, 6.0; 

N, 14-5- 
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D-arabino-Hexosulose I-phenylhydrazone t-o-toluoylhydrazone (6). - A solution 
Of D-arabino-hexosulose r-phenylhydrazone (I g) in water (15 ml), when treated with 
o-toluoylhydrazine (0.7 g), as above, gave compound 6 (o-g g). It crystallized from 
aqueous ethanol in yellow, prismatic needles, m-p. rg5” (dec.); [a]g -50.3” (c 0.78, 
pyridine) ; REAz 203, 245, 275, 376 m& log 8 4.64, 4.51, 4.37, 4.61; &, 222, 267, 
318 m& log E 4.3~4.36, 3.80; v~ZI: 1603 (C!=N), 1670 (CONH), 3400 cm-l (OH). 

Anal. Calc. for C2,H,,N,0s - 0.5 H20: C, 58.7; H, 6.1; N, 13.7. Found: C, 59. I ; 

H, 6.5; N, 13.5. 
D-arabino-Wexosul r-phenylhydrazone 2-p-toluoylhydrazone (7). - D-arabino- 

Hexosulose I-phenylhydrazone (I g) was dissolved in water (20 ml) and treated with 
p-toluoylhydrazine (0.7 g), as above. The product (1.5 g) was filtered off, and crystalliz- 
ed from ethanol in yellow, prismatic needles, m-p. 214-215~ (dec.); [a]‘: +75.1” 

(c 1.17, pyridine); nEAzF 204,248, 276, 385 mP, log E 4.34, 4.23, 4.20, 4.31; Amin 221, 

265, 319 mp, log E 4.06, 4.19, 3.59; v”,“,’ 1603 (C=N), 1665 (CONH), 3400 cm-’ 

(OH). 
Anal. Calc. for C,,H,,N,O,: C, 60.0; H, 6.0; N, 14.0. Found: C, 60.4; H, 6.3; 

N, 14.0. 
D-arabino-HexosuZose 2-(p-nzethoxybenzoyi)hydrazone r-phenyfhydrazone (8). - 

This was obtained by treating D-arabino-hexosulose I-phenylhydrazone (I g) with 
(p-methoxybenzoyl)hydrazine (0.7 g), by the procedure given above. The product 
(1-5 g) crystallized from ethanol in yellow, prismatic needles, m-p. 21o-212~ (dec.); 
[a]‘,” tgo.2” (c 0.78, pyridine); nEE 203, 283. 380 mp, log & 4.44, 4.27, 4.39; 
A min 225, 259, 324 mP, log 6 4.15, 4.29, 3.81; fl*ti 1255 (OMc), 1605 (C=N), 
1660 (CONH), 3360 cm-’ (OH). 

Anal. Calc. for C,,H,,N,O,: C, 57.8; H, 5.8; N, 13.5. Found: C, 57.9; H, 6.0; 
N, 13.6. 

D-arabino-Nexosulose 2-(o-chZorobenzoyZ)hydrazone r-phenyihydrazone (9). - A 
solution of D-a&?&u-hexosulose I-phenylhydrazone (I g) in water (15 ml) was treated 
with (o-chlorobenzoyl)hydrazine (0.7 g) as above. The product (0.8 g) crystallized 
from aqueous ethanol in yellowneedles, m.p. 168” (dec.);[a]i’ + 20.0~ (c 1.04, pyridine); 

nEAzF 203, 243, 275, 375 mP, log E 4.12, 4.18, 4.05, 4.13; f’min 226, 263, 316 mP, 
log E 4.06,4.04, 3.27; #mtz 1600 (C=N), 1630 (CONH), 3350 cm-’ (OH). 

Anal. Calc. for C,gH,,CIN~O,S H,O: C, 52.0; H, 5.2; N, 12.8. Found: C, 52.4; 
H, 5.5; N, 13.0. 

D-arabino-Hexosulose 2-(m-chlorobenzoyl)hydrazone I-phenylhydrazone (MI)). - 

This was prepared, as above, from D-arabino-hexosulose r-phenylhydrazone (I g) 
and (m-chlorobenzoyl)hydrazine (0.7g). It crystallized fromaqueous ethanolin yellow, 
prismatic plates, m.p. 205” (dec.); [a]2 +g3.5” (c 0.28, pyridine); 22:: 204, 241, 

279,376 W, log a 4.88,4.62,4.59,4-77; Anr,, 226,260, 318 m/l, logs 4.54, 4.53, 4.50; 
$2 1600 (C=N), 1660 (CONH), 3350 cm-’ (OH). 

Anal. Calc. for C1gH21C1N405-o.5 H,O: C, 53.1; H, 5.1; N, 13.0. Found: 

C, 53.2; H, 5.3; N, 13-r. 
D-arabino-HexosuZose 2-(p-chlorobenzoyl)hydrazone r-phenylhydrazone (11). - 
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D-arabino-Hexosulose r-phenylhydrazone (I g), treated with (p-chlorobenzoyl)- 

hydra&e (0.7 g) as above, gave compound 11 (1.3 g)_ It crystallized from ethanol in 

yellow, prismatic needles, m-p. 218-220~ (dec.); [or]g+78.8” (c 1.24, pyridine); AEA$jF 

204, 244, 278, 384 m,U, log E 4.21, 4.09, 3.92, 4.22; Amzn 223, 274, 318 mP, log s 3.91, 
3 g2,3.48; . u”,“,’ 1600 (C=N), 1660 (CONH), 3400 cm-’ (OH). 

Anal. Calc. forCzs,H2zC1N40s: C, 54.2; H, 5.0: N, 13.3. Found: C, 54.3; H, 5.4; 
N, 13.1. 

D-arabino-Nexosulose 2-(m-bromobenzoyl)hydrazone r-phenylhydrazone (12). - 

D-mzbino-Hexosulose r-phenylhydrazone (I g) was treated with (nz-bromobenzoyl)- 
hydra&e (0.8 g) as above. The product (I g) crystallized from aqueous ethanol in 
yellow, prismatic needles, m-p. 208-210~ (dcc.); [a]“,” + 58.6” (c 0.46, pyridine); ,IEAyf 

205285,384 rnp, loge4.40,4.00,4_27; Amin 268, 322 m,u, Iog E 3-95, 3-54; flmf: 1600 

(C=N), 1663 (CONH), 3370 cm-’ (OH). 
Anal. Calc. for C,,H,,BrN,O, .H,O: C, 47-z; H, 4.8; N, I 1.6. Found: C, 47.0; 

H, 4.7; N, I I .4. 
D-arabino-Hexosu~ose z-(o-nitrobenzoyZ)hydrazone r-phenylhydrazone (13). - 

A solution of D-arabizzo-hexosulose I-phenylhydrazone (I g) in water (IO ml), treated 
with (o-nitrobenzoyl)hydrazine (0_7g), gave 13 (0.8g). It crystallized from aqueousme- 
than01 in yellow, prismatic needles, m.p. 164-165” (dec.); At”::’ 204, 244, 368 rnp, 

loge 4-37*4.30,4*32; Amin 225, 313 m& log e 4.18, 3.74; cf: 860, 1350, 1540 (NW, 
1605 (C=N), 1688 (CONH), 3400 cm-’ (OH). 

Anal. Calc. for C,,H,,N,O, - 0.5 H,O: C, 51.8; H, 5.0; N, 15.9. Found: 
C, 52.0; H, 5.3; N, 15_9_ 

D-arabino-Hexosulose 2-(m-nitrobenzoyl)hydrazone r-pheny1hydrazone (14). - 

Treatment of D-arabino-hexosulose I-phenylhydrazone (I g) with (zzz-nitrobenzoyl)- 
hydra&e (0.7 g), as above, gave 14 (0.9 g). It crystallized from ethanol in yellow 

needles, m-p. rg5-196” (dec.); [cz]g+ 70.5” (c 0.39, pyridine); LEA,” 204, 221, 384 rnp, 

log s 4.29,4-2834.26; Ami, 209, 318 mp, log s 4.25, 3.63; cti 890, 1355, 1536 (NO,), 
1600 (C=N), 1665 (CONH), 3380 cm-’ (OH). 

Anal. Calc. for C,9H21N507: C, 52.9; H, 5.0; N, 16.2. Found: C, 52.6; H, 5.3; 
N, 16.6. 

D-arabino-Nexoszliose .z-(m-hydroxybenzoyl)hydrazone r-phenylhydrazone (15). 
- D-arabino-Hexosulose I-phenylhydrazone (I g) and (nr-hydroxybenzoyl)hydrazme 
(0.6 g) were treated as above, to give 15 (0.8 g)_ It crystallized from aqueous ethanol in 

yellow needles, m.p. 167-168” (dec.); [a]‘, +70-o” (c 0-41, pyridine); 1.“~~~ 204, 246, 

283,380 mp, log s 4.7634.48, 4-4234-61; ‘min 235,267, 323 mP, log s 4.5634-39, 4.03; 
vxBr 1600 (C=N), 1650 (CONH), 3350 cm-’ (OH). mnX 

Anal. Calc. for C,,H,,N,O, -HzO: C, 54.3; H, 5.7; N, 13.3. Found: C, 54.2; 
H, 6.2; N, 13.7. 

D-arabino-Hexosulose 2-nicotinoyihydrazone I-phenylhydrazone (16). - A sol- 
ution of D-arabino-hexosulose I-phenylhydrazone (I g) in water (15 ml), treated with 

nicotinoylhydrazine (0.6 g) as above, gave 16 (0.7 g). It crystallized from ethanol in 
yellow, prismatic needles, m-p. 196-198” (dec.); [&’ +92.0” (c 0.33, pyridine); 
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A%yF 203, 280, 383 W, log E 4.37, 4.03, 4.40; &, 265, 318 mp, log E 4.01, 3.69; 
v%z 1600 (C=N), 1660 (CONH), 3330 cm-’ (OH). 

Anal. Calc. for CIgHzIN505 -H,O: C, 55.8; H, 5.4; N, 18.1. Found: 55.3; 
H, 5.7; N, 18-5. 

D-arabmo-Hexosulose 2-benzoylhydrazone I-(2-methyZ-2-phenyZ)hydrazone (17). 
- A solution of D-arabino-hexosulose I-(2-methyl-2-phenyl)hydrazone (0.2 g) in 

methanol (IO ml) was treated with benzoylhydrazlne (0. I g) and a few drops of glacial 

acetic acid. The mixture was heated on the water bath for IO mm and then allowed to 

cool;compoundl7 separated out (o.zg). Itcrystallizedfrom aqueous methanol in yellow 

needles, m-p. 188~; [a]g -6g.3O (C 1.45, pyridiue); A=g; 235, 275 m& log & 4.02, 

3.90; Amin 260,310 rnp, logs 3.88, 3.40; #,fl;: 1600 (C=N), 1665 (CONH), 3370 cm-’ 

(OH). 
Anal. Calc. for C;,H,.+N,O,.0.5 H,O: C, 58.7; H, 6.1; N, 13.7. Found C, 58.9; 

H, 6.3; N, 13.8. 
Tetra-O-acetyl-D-arabino-hexosulose 2-benzoylhydrazone I-(2-methyl-2-phenyZ- 

hydrazone). -A solution of 17 (0.2 g) in dry pyridine (2 ml) was treated with acetic 
anhydride (5 ml), and kept overnight at room temperature with occasional shaking. 

The mixture was poured into ice-cold water, and the acetate that separated was 
filtered off, washed, and dried (0.2 g). It crystallized from aqueous methanol in yellow 

plates, m.p. 13I-13t0; [a]‘,” -34.2” (C 1.1, ethanol); nEzz 285, 370 rnkl, log & 4.00, 

3.98; Amin 260, 320, log E 3.60, 3.40; 6:; 1600 (C=N), I6go (CONH), I750 cm-l 

(COO). 
Anal. Calc. for C2sHs2N409: N, 9.9. Found: N, 9.9. 

D-arabino-Wexosulose I-(2-methyZ-%phenyl)hydrazone 2-o-toluoylhydrazone (18). 
- D-arabino-Hexosulose I-(2-methyl-2-phenyl)hydrazone (0.2 g) was treated with 

o-toluoylhydrazlne (0.12 g) as above, to give 18 (0.2 g). It crystallized from dilute 

methanol in yellow needles, m.p. 144-145~; [a]‘,” -47.6” (c 0.5, ethanol); AEAyf 246, 

363 rnp, log E 4.22, 4.28; &,,in 222, 310 rnp, log E 4.08, 3.47; $f; 1600 (C=N), 

1660 (CONH), 3440 cm-’ (OH). 
Anal. Calcfor CtlHt6N40s - 0.5 HzO: C, 59.6; H, 6.4; N, 13.2. Found: C, 60.2; 

H, 6.7; N, 13.0. 
D-arabino-Hexosuloser-(2-methyZ-2-phenyZ)hydrazonea-m-toZuoyZhydrazone(19). 

- This was obtained, as above, from D-arabino-hexosulose I-(2-methyl-2-phenyl)- 

hydrazone (0.2 g) andm-toluoylhydrazlne (o.I2g).The product (0.2 g) crystallized from 

dilute methanol in yellow, prismatic needles, m-p. 16o-161~; AEA,” 205, 244, 273, 

366 rnp, log E 4.42, 4.19, 4.22, 4.21; Rmin 224, 25?, 313 mP, log s 4-I& 4.16, 3.50; 
~5:; 1595 (C=N), 1650 (CONH), 3470 cm-’ (OH). 

Anal. Calc. for CZ1Hz6N405 -0.5 H,O: C, 59.6; H, 6.4; N, 13.2. Found: C, 59.3; 

H, 6.6; N, 12.7. 
D-arabino-Hexoszdose I-(z-methyl-z-phenyrhydrazone z-p-toluoylhydrazone (20). 

- D-arabino-Hexosulose r-(2-methyl-2-phenyl)hydrazone (0.2 g) in methanol (IO ml) 

was treated wlthp-toluoylhydrazine (0.1 g), as above, to give 20 (0.2 g). It crystallized 
fromaqueous methanol in yellow needles, m-p. 186-187”; [a]‘,” - r6.6”(co4, ethanol); 
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A== 248, 314 m& log 8 4.24, 3.51; ;Imln 224., 274 nyc, log & 4.07, 4.27; I’$2 1610 
(C=N), 1660, (CONH), 3480 cm-’ (OH). 

Anal. Calc. for C,,Hz,N,O,-H,O: C, 58.5; H, 6.5; N, 13.0. Found: C, 58.3; 
H, 6.7; N 12.8. 

Tetra-O-acetyl-D-arabino-hexosuloseI-(z-methyl-2-ph~y~hydrazone 2-p-toluoyl- 
hydrazone. - This was obtained by the action of acetic anhydride on 20 (0.2 g) in dry 
pyridine (2 I@) yield, 0.2 g. It crystallized from aqueous methanol in yellow, prismatic 
needles, m.p. 155". 

Anal. Calc. for C29H34Nh09: C, 59.8; H; 5.8; N, 9.6. Found: C, 5g.8;H, 6.1; 

N, 9.7. 
D-arabino-Hexosulose I-(z_methy~2-~henyrhydrazone z-nicotirwylhydrazon (21). 

- D-arabino-Hexosulose I-(2-methyl-2-phenyl)hydrazone (0.2 g) and nicotinoylhydra- 
zine (0.1 g) gave21 (0.1 g), whichcrystalhzedfromaqueous methanolinyellow needles, 
m.p. 176-178~; [a]‘,” -69.16~ (c 0.4, pyridine); LEgz 278, 370 rnp, log E 4.10,4.37; 

260, 315 rryr, log E 4.06, 3.66; $E 
;z%). 

1598 (C=N), 1666 (CONH), 3350 cm-’ 

AnaL Calc. for CIgH,,N,OS-H,O: C, 54.4; H, 6.0; N, 16.7. Found: C, 54.3; 
H, 5.9; N, 16.6. 

D-arabino-Hexo~Iose-exosulose-2-isonicotinoylhydrazone-r-~~-methyZ-~-ph~yl)hydrazone 
(22). - D-arabino-Hexosulose I-(2-methyl-2-phenyl)hydrazone (0.2 g) was treated 
withisonicotinoylhyde (o.~g)asabove.Theproduct (0.12 g) crystallized from me- 
thanol in yellow, prismatic needles, m.p. 188-Igo”; [a]‘,” -29.8” (c 0.3, pyridine); 
lEGF 278, 360 nyr, log E 4.10, 4.32; AmIn 260, 312 rnp, log E 4.00, 4.62; flmz 1595 
(C=N), 1660 (CONH), 3260 cm-’ (OH). 

Anal. Ck.lc. for_CIgH2sN50s: C, 56.9; H, 5.7; N, 17.5. Found: C, 56.4; H, 5.7; 

N, 17-4. 
D-arabino-Hexosulose z:acetylhydrazoner-(z-methyl-z-phenyl)hydrazone (23). - 

A solution of D-arabfno-hexosulose .r-(2-methyl-2-phenyl)hydrazcne (0.2 g) in metha- 
nol (IO ml) was treated with acetylhydrazine (0. I g) as above, and the product (0.15 g) 
was crystallized from aqueous methanol in yellow needles, m-p. ~85-186”; [c&O - 50.9” 
(c 0.7, pyridine); L”dP,” 244, 352 mP, log a 3.04, 3-19; Amin 21% 304 mP> log e 2-75, 
2.49; vkfi 1600 (C=N), 1652 (CONH), 3350 cm-’ (OH). 

Anal. Calc. for CISH,,N,05-o.5 H20: C, 51.9; H, 6.6; N, 16.1. Found: 
C, 51.7; H, 6.7; N, 16.4. 

D-arabino-Hexosulose I-(2-methyl-2-phenyl)hydrazone 2-thiosemicarbazone (24). 
- A solution of >D-arabino-hexodose r-(2-methyl-2-phenyl)hydrazone (0.2 g) in 

methanol (IO ml) was treated with a solution of thiosemicarbazide (80 mg) in 50% 
aqueous methanol (5 ml) as above. j The product (0.2 g) crystallized from methanol 
in yellow needles, m.p. 201-203~ (dec.); [a]g-27.6° (c 0.4, pyridine); lEAz 254, 

302 W, 1% & 4a40,4JS; &in 226,274 mp, log 8 4.07, 3.96; $$1500 (C=S), 1600 
(C=N’), 3160 cm-' (OH). 

-Anal. Cak. for C,J&,N,O,S: C, 47.3; H, 5-g; N, 19.7. Found: C, 47.5; 
H, 6.~; N, 19-6. 
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SUMMARY 

D-arabino-Hexosulose bis(acylhydrazones) (la), 2-acylhydrazone r-phenyl- 
hydrazones (5-U), and 2-acylhydrazone I-(z-methyl-2-phe;hydrazones (17-24) 
were prepared from D-arabino-hexosulose or its hydrazone -ali‘d acylhydrazinek~ 
The properties of these osazones were compared with those of aryIosazones and bis- 
(benzoylhydrazones). 
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INTRODUCTION 

The initial configuration of sugars resulting from enzymic hydrolysis of 
polysaccharides has always been determined by means of optical rotation. In a 
classic example, maltose produced by the action of /3-amylase on starch was found 
to have a low optical rotation, i.e., it was in the /&form’. The products from c+amylase 
had higher rotations, i.e., were of the a-configuration’. In a similar way &glucosidases 
were considered enzymes which released&D-glucose from glucosides, whereas c+glucos- 
idases releaseda+-glucose. Indeed, the anomericnature ofthe product was considered 
to imply that the same configuration occurred in the glycoside. This, of course, 
preceded the discovery by Kuhn1 of inversion of configuration by /%amylase. 

Application of gas-liquid chromatography (g.1.c.) to sugar analysis has shown 
that not only can simple sugars be determined, but that their anomeric forms are 
separable2. This technique appeared useful for the determination of anomericcon- 
figuration of sugars released by the action of carbohydrases. We now report application 
of g.1.c. to systems producing glucose, i.e., glucosidases and exo-glucanases, enzymes 
whose characteristics we are currently examining. 

MEl-HODS 

Enzymes 

A. Exo-p-I,3-gkzna.ses [EC 3.2.1-3 
I. Sporotrichum pruinosum QM 826 enzyme was produced by growth on cellu- 

lose in shake culture3. Solutions of the enzymes, precipitated with acetone from the 
culture filtrates, were passed through diethylaminoethyl Sephadex (DE&-Sephadex) 
at pH 7.0, the desired fraction coming through without any hold-back. Over 98% of 
the cellulase and all of the j?-1,6-glucanase were removed. A small amount of amyl- 
ase remained, but this was of no importance in the present tests. 

2. Basidiomycete sp. QM 806 enzyme was produced by growth on starch in 
shake culture3, and precipitated with acetone. This ppt. was nearly free of &glucanases, 
other than the exo-j?-x,3-glucanase, but contained a little amylase. It was used without 
further treatment. 
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B. Exo-a-g~ucmu3ses-g~ucamykzse-a-I,#-gk&xzn-g~ucohydro~ase [EC 3.2.1.3] 

I. Aspergiiks niger “ Diazyme “, 455DU/gram, Miles Chemical Company, 
Elkhart, Indiana. 

2. Endomyces sp. “Mat&se”, Matsutani Chemical Company (Japan). 
These enzymes were used without further treatment. 

C. /3-Glucosidases [EC 3.2.1.211 
I. Almond emulsin (gift of Dr. N. K. Richtmyer, National Institutes of Health). 
2. Aspergillus niger QM 877 enzyme was produced by growth on dextran 

hydrolyzate. The &glucosidase was freed from a-glucosidase by fractionation on 
DEAE-Sephadex. 

3. Aspergillus Iuctiuensis QM 873 enzymes were obtained by growth on starch 
in shake cuItures3. No attempt was made to separate the fi-glucosidase from exo-a- 
r,3-glucanase, amylase, and a-glucosidase. 

D. a-Glucosidases [3.2.1.20] 

I. AspergilIus niger QM 877 as above. The a-glucosidase fraction was used. 
2. Paecilomyces varioti QM roa was grown on starch. The maltase was freed 

of a-amylase and of glucamylase by separation on DEAE-Sephadex. 
3. Penicillium parvum QM I 878 was grown on dextran hydrolyzate. The maltase 

was freed of nearly all amylase by passage through a DEAE-Sephadex column. The 
activity of this enzyme is slightly greater on isomaltose than on maltose. 

E. Invertase-#?--fnrctofuranosidose [EC 3.2.1.26] 
A dry preparation, free of melibiase (Nutritional Biochem. Co.) was used. 

PROCEDURES 

A. Enzymolysis. - A concentrated enzyme solution (0.1 ml) was added to 
a 5 0A solution of substrate in 0.025M citrate buffer at pH 4.5. (0.4 ml). During incubation 

at 4o”, samples (0.2 ml) were removed, cooled in dry ice, and freeze dried. Alternatively 
the samples were dried quickly by blowing air over them (usually about 5 min). 

B. Analysis. - Dry (CaH,) pyridine (0.1 ml), hexamethyldisilazane (0.2 ml), 

and trimethylchlorosilane (0.1 ml) were added to each dry sample. After 30 min the 
solvent was removed in vacua, and the residue was treated with hexane (0.2 ml). A 
portion (5 ,uI) of the extract was applied to a column (6 ft x r/4 in) of SE 30 (3”& 

on Chromosorb W at 150°, in conjunction with a hydrogen flame detector. Alter- 

natively, a temperature gradient was used. The stream splitter at the column exit 
deflected most of the solvent from the detector, after which the splitter was rendered 
inoperative by closing one exit. This procedure gave higher sensitivity and increased 
resolution. The ratio of &D-glucose to a-D-glucose (R p/a) was determined from the 
relative peak areas. 
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Optical rotation, coupled to concurrent measurements of extent of hydrolysis, 
followed the principles of Weill et d4. and was recorded on a Bendix Automatic 
Polarimeter Type 143A at 27”. 

FEsuLTs 

Any method for dete rmining the anomeric form in which glucose is released 
requires a highly active enzyme and a highly susceptible substrate to minimize the 
effect of mutarotation. The enzymes that yield &D-glucose caused most difbculty, 
in part because the equilibrium mixture j?/a is high (1.76 from optical rotation data’; 
1.51 from g.l.c2; our value based on g.1.c. peak areas is 1.35). The result varies with 
different detectors, and standard mixtures were used for calibration. This, however, 
should be compensated somewhat by the lower rate of mutarotation of p-form to 
a-for&. A list of substrates that we have found suitable for our work is included in 
Table I. For exo-a-glucanases, starch was unsatisfactory, maltotriose of doubtful 
value, but maltodextrin mixture (maltotetraose and higher mol. wt. oligosaccharides) 
gave good results. For exo-/I-r,3-glucanases, the tetrasaccharide obtained from lamina- 
ran was better than the trisaccharide, but laminaran also gave satisfactory results. 
For &glucosidase, no substrate was very good. For a-glucosidases, maltotriose gave 
the best results. 

Minimal reaction time is important, since longer incubation periods give 
R B/a values approaching the equilibrium value, and it is then diflicult to determine 
whether inversion has occurred (Table I). Because of mutarotation, it is necessary to 
stop the reaction as soon as possible by freeze drying. Although requiring several h, 
this is done under conditions rchGmSng mu&rotation. The small sample, when dried 
quickly with a stream of air or by freeze-drying, gave satisfactory results (Table I). 

The purity of the enzymes is not of great importance. It is necessary that 
exo+r,3glucanase be free of /I-glucosidase, and vice versa, and similarly, that 
exo-a-glucanase and a-glucosidase be free of one another. That is, there should be 
but one enzyme present capable of acting on the substrate used. The enzymes used 
passed this test (except perhaps A. Zuchuensis where no purification was attempted). Six 
preparations examined for mutarotase activity all proved to be negative. 

The trimethylsilyl ethers of fructose and of the glucose anomers were well 
separated by isothermal g.1.c. the retention times, relative to that of a-n-glucose, for 
/I-D-fructose and &D-glucose being 0.73 and 1.58, respectively. With a constant 
temperature (150”) during elution, pyridine, trimethylsilylating reagents, and citrate 
formed early peaks which interfered with the a-peak in some ‘chromatographic sys- 
tems. These were eliminated by replacing the pyridine with hexane or by the stream- 
splitting technique. In the g.1.c. of the hydrolyzate of sucrose, Qructose appears 
before a-Dglucose; and sometimes interferes. This interference was eliminated by 
temperature-pro gramming, a technique which also eliminated the pyridine and 
citrate problems. 

Both exo-p-r,3-glucanases gave glucose as the a-n-anomer, and both exo-a-- 
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TABLE I 
RJ=ENTION AND INVERSION OF CONFIGURATION BY CARBOHYDRASES 

Enzyme SubsImIe Time 
(m in) 

R I% 
D- GIucose 

None 
None 

None 
None 

a-D-glucose, dry 0 0.05 
cc-D-glucose in solution at room 5 0.48 

temperature 
a-o-glucose, in solution at 40” IO 1.05 
cc-D-glucose, at equilibrium 4000 I-35 

Exe-j?-I,g-glucanases 
Sporotrichum pruinosum QM 826 

Basidiomycete sp. QM 806 

&Glucosidases 
AspergiIIus niger QM 877 
Aspergillus Zuchuensis QM 873 

Almond emulsin (Richtmyer) 

laminarane tetrasaccharide 
laminarane tetrasaccharide 
lanlinaran 
laqinarane tetrasaccharide 
laminaran 

Iaminarane trisaccharide 
salicin 

salicin 

10 o-39 
30 o-93 
IO O-75 

10 0.46 
IO o-59 

6 I.59 
5 I-55 
4 1.60 

Fxo-a-glucanases (glucamylase) 
AspergiIIns niger. (Diazyme 455) 

Endomyces sp. (Matulase) 

a-Glucosidases 
AspergilIus niger QM 877 
Paecifomyces varioti QM IOO 
PeniciIIium parvum QM 1878 

maltodextrius 
mahodextrins 
maltodextrins 
maltodextrins 

maltotriose 
maltotriose 
maltotriose 

4-5 
,‘I 3.8 

4-I 
::: 4.0 

IO o-57 
6 o-54 

IO 0.0 

/SFructofuranosidase 
Invertase, powder NBC (melibiose-free) sucrose I 0.44 

IO 0.50 

a Freeze-dried. 
@ Blown dry. 

glucanases produced glucose as the B-D anomer (Table I, II). Thus, dl exo-glucanases 
brought about inversion in cotiguration. 

Three $-glucosidases, when used on susceptible substrates, seem to liberate 
B-D-glucose, but the values R B/a are not much above the equilibrium value (1.35). 
We believe that values within 0.2 of the equilibrium value (i.e., 1.35 + 0.2) are of ques- 
tionable significance, and further attention is being given to the j?-glucosidases. 
The three a-glucosidases clearly produced cr-D-glucose from maltotriose. This 
substrate is more susceptible to these enzymes than is maltose, and has, in addition, the 
advantage that the aglycon is maltose not D-glucose. Invertase released D-glucose 

in the a-D form. . 
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TABLE II 

INVJZRSION OF CONFKiURATION BY MO-GLIJCANASES 

(OPTICAL-ROTATION rmmo0) 

Enzyme 

F.x0+0,3hhmm3se 

Basidiomycete sp. QM 806 
Sparotrichutn pruinosum QM 826 

EXO-CU-gIUCanaSeS 

Diazyme 455 
Mat&se 

CakuIated values, for: 
al1 glucose is a-D-&cose 
glucose is an equilibrium mixture 
all glucose is /l-n-glucose 

Substrare 

Iaminaran 

maltodextdo 

ardue to D-&COSp 

fO.042 
+0.039 

-to.017 
fO.023 

to.056 
to.026 
+o.oog 

aOptical rotation at 50% hydrolysis of substrate. The time required was less than 15 min at room 
temperature. 

DISCUS!XON 

Determination of conjiguration. - G.1.c. has been found satisfactory for the 
measurement of a-D-glucose and fl-D-glucose released by enzyme action. The two forms 
are well separated, and interference by the buffer and by pyridine can be eliminated. 
The high equilibrium ratio generally makes it easier to detect the a than the jI form. 

Two optical-rotation methods have been used for determining configuration. 
One depends on the abrupt change in rotation (to the equilibrium value) brought 
about by addition of ammonia to the hydrolyzate. Whereas others516 have used 
successfully this method, we have observed changes of such small magnitude that 
we hesitate to draw conclusions from the data. The other method4 is based on simul- 
taneous determination of the glucose produced and optical-rotation. The rotation 
observed is, of course, made up of contributions from all components present. In g.1.c. 
each specific component is determined separately. 

Glucosidases versus exe-gl~canases. - The present work is part of a study 
to emphasize the differences between glucosidases and exo-glucanases. As they have in 
common the ability to hydrolyze dimers and trimers of D-glucose, they have both been 
considered “glucosidases”. Yet they are clearly different in their action on long-chain 
po1ymer-s. 

The present work uses g.1.c. to conSrm earlier results (using optical rotation) 
showing inversion of configuration by exo-a-glucanases (glucamylases) and retention 
by a-glucosidase and by &glucosidase (the results are less satisfactory with j?-glucos- 
idases.) We show for the first time that inversion accompanies the action of exo-/3- 
1,3&canases, i.e. that the glucan having only &D-linkages yields a-D-glucose. 
Li, Flora, and King’ have obtained inversion by an exo+glucanase of broad speci- 
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ficity, an enzyme associated with the hydrolysis of /3-I,4-ghrcans. It seems fair to 
generalize that glucosidases differ from exo-glucanases in that the former act to retain 
configuration, whereas the latter act in such a way as to invert it. In line with this 
generalization, pancreatic maltase is a true a-glucosidase, whereas the Takadiastase 
“maltase” (which produces inversion) appears to be an exo-a-glucanase6. 

Yeast invertase hydrolyzes5 sucrose by transferring the fructosyl moiety to 
water’. This leaves the ghrcosyl unit attached to the bridge oxygen atom in the a-D- 
form. The present data substantiate this explanation. 

Throughout all the work on configurational changes brought about by enzymes, 
the assumption is made that the resulting product is entirely of one form, i.e., all 
a-D- or all P-D. Certainly in transfer reactions (Le., glucosidases), all the products 
retain configuration, so although the assumption is probably correct, the data do not 
exclude the possibility that a very small percentage of product is of the unexpected 
form. 
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SUMMARY 

G.1.c. offers a satisfactory method for determining the configuration of the 
D-glucose formed by enzymic hydrolysis of glucosides and of glucans. Exo-glucanases 
both a and j3, give inversion; glucosidases, both a and /3, give retention ofconfiguration. 
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Syntheses of tritium-labelled D-galactose, including D-galactose-l-t’ and D- 
galactose-4-t’, have been described in the literature. It was also suggested3 that D- 
galactose-3-t might be prepared by the reduction of D-xylo-hexopyranosid-3-uloses4*s 
with tritiated borohydrides, as for the preparation of D-glucose-3-t6. Several proce- 
dures may be proposed for the synthesis of D-galactose-6-t. One is to use tritiated boro- 
hydride for the reduction of ethyl (methyl, cr-D-galactopyranosid)uronate’ and 
subsequent hydrolysis. Another is to employ8’g D-glucose-6-t for the preparation of 
UDP-glucose-&t [u&line 5(D-glucosy14-t dihydrogen pyrophosphate)] and then to 
convert it into the galactoside-6-t in the UDP-glucose-4-epimerase (EC 5.1.3.2) 
system’O. 

In the relatively simple procedure for the synthesis of D-galactose-6-t and D- 
galactosides-6-t described in this communication, advantage is taken of the obser- 
vation that the enzyme galactose oxidase (D-galactose: oxygen oxidoreductase, EC 
l-1.3.9) oxidizes many D-galactosides at C-6, with the formation of a carbonyl 
gro~p’~*‘~. This product can subsequently be reduced by tritiated borohydride to 
yield the D-galactoside-6-t. A multitude of galactosides, which are substrates for 
galactose oxidase11*12, may thus be labelled with tritium. 

A convenient way for the preparation of D-galactose-6-t is to start with o-nitro- 
phenyl B-D-galactopyranoside (1) as the substrate for galactose oxidase. After labelling 
of 1 with tritium, it is hydrolyzed with &galactosidase (/?-D-galactoside galactohydro- 
lase, EC 3.2.1.23) to give D-galactose-6-t. The course of hydrolysis of 1 may be followed 

l3 spectrophotometrically , thereby providing a method which permits the handling of 
highly radioactive preparations on a small scale and with minimal manipulation. 
The aldehyde obtained from galactoside 1 by the action of galactose oxidase”*12 
is not cleaved by /?-galactosiclase. This affords a simple method of measuring the 
amount of residual substrate in the oxidized system as well as the reformation of 1 
after the reduction of the aldehyde by borohydride. 

The following description presents examples for the preparation of D-galactose- 
6-t and of raffinose containing a D-galactose-6-t residue. The specific activity (about 
100 mcuries/mmole) of the tritiated sodium borohydride available commercially 
enabled the preparation of galactosides having activities of up to about 20 mcuries/ 
mmole. The use of tritiated borohydrides of even higher specific activity might 
similarly provide very highly radioactive D-galactosides-6-t, which may be needed for 
various metabolic, enzymic, and other biological studies. 
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EXPERIMENTAL - . 

Materials and Methods. - Tritiated sodium borohydride (New England 
Nuclear Corp., Boston, Mass.) and o-nitrophenyl @-D-galactopyranoside (Roch- 
Light Laboratories Ltd., Colnbrook, Bucks.) were commercial products. Galactose 
oxidase was prepared from DactyIitun dendroides cultures’z*‘4. Partially pused /3- 
galactosidase was obtained from Escherichia coli ML 308 extracts13. Millipore filters 
(Millipore Filter Corp., Bedford, Mass) were used for microfiltration. Crystalline 
catalase and hexokinase (Boehringer and Sons, Mannheim) were employed. 

Paper chromatography of sugars was conducted on Whatman No. 1 paper with 
butyl alcohol-ethanol-water (922) as solvent. Thin-layer chromatography was 
performed with propyl alcohol-ethyl acetate-water (6:3:2) or propan-2-ol-ethyl 
acetate-water (65:23:12) as the solvents on plates of Cellulose-D(Camag AG, Muttenz, 
Switzerland). Reducing sugars and ketoses were revealed by the o-aminobiphenyl” 
and urea-phosphoric acid16 spray reagents, respectively. 

Quantitative determination of D-galactosides and Digalactose in solution was 
performed with the galactose ox&se-peroxidase reagent12*“. Aldohexose contents 
were determined calorimetrically with the Somogyi’* and o-aminobiphenyl’5 reagents, 
ketoses were assayed with the resorcinol reagentlg, and total sugar contents by the 
phenol-sulphuric acid reaction 2o Absorbance was measured in the Zeiss Model . 

PMQ II spectrophotometer, and the kinetics of change in absorbance were followed 
in the Gilford Model 2000 absorbance recorder by using cells of LO-cm light path. 
Hydrolysis of 1 by /3-galactosidase was measured at 420 rnp in 10 rnhr phosphate buffer 
(pH 7.5) containing mM magnesium chloride at 30”. A unit of fi-galactosidase is that 
amount which liberates 1 pole of o-nitrophenol/rnin under these conditions. A unit 
of galactose oxidase is as defined by Avigad et a1.12. 

Tritium was measured in the Packard Tri-Carb Model 3003 scintillation spec- 
trometer by using a scintillator solution similar to that of Knoche and Bell’l, with 
17 % counting efficiency. 

Preparation of tritiated mgalactose and location of the tritium at C-6. - A 
reaction system of 37.82 ml contained 1.17 mmoles of phosphate buffer (pH 7.0); 252 
I.trnoles of 1; catalase, 160units; andgalactoseoxidase, 15OOunits. After incubation of the 
mixture on a rotary shaker for 24 h at 30”, it was found, by assay of residual substrate 
with /3-galactosidase, that 42% of 1 was oxidized. A freshly prepared solution (1 ml) 
of 5% (w/v) tritiated sodium borohydride (about 0.3 ~curies/~mole) was added to 
30 ml of the reaction system. After 1 h at room temperature, 2~ hydrochloric acid 
(1.5 ml) was added to destroy excess of borohydride, and then aqueous sodium hydrox- 
ide was added to bring the pH to 7.5. The solution, containing 185 moles of 1, was 
hydrolyzed by incubation for 1 h with 24 units of fi-galactosidase and ~llhi magnesium 
chloride. D-GdaCtOSC (324 mg) was subsequently added, and the solution was passed 
through a column (1.8 x 16 cm) of an Amberlite MB-3 mixed-bed resin, which was 
then washed with water. The colorless filtrate (132 ml) was clarified by passage through 
an HA Millipore lilter, and concentrated to 1.0 ml under reduced pressure, with 

Carbohydrare Xes., 3 (1967) 430434 



432 G. AVIGAD 

repeated cycles of evaporation of added water and methanol’ s8. A methanol-ethanol 
(1:l) mixture was added to 80% v/v. The D-galactose crystals, deposited at 4”, were 
collected by centrifugation, washed with ethanol, and dried in vacuum. Yield, 276 mg 
(1.53 mmoles); m.p. 164-166”; [all, -I- 80” (c 1.0, water, equilibrium). The specific 
radioactivity was 8.0 x IO3 decomp./min/mole. 

To establish the location of the tritium at C-6 of the tritiated D-galactose, C-6 
was converted by periodate oxidation into formaldehyde, which was then treated 
with dimedone (5,5-dimethyl-l,3-cyclohexanedione)22~23 as follows: 102 moles of 
z+galactose-l was oxidized in a solution (6.9 ml) containing sodium periodate (0.6 
mmoles) and sodium hydrogen carbonate (2 mmoles). After 1 h in the darkness at 
room temperature, 0.2 ml of 0.2~ sodium arsenite, 1.4 ml of 2N acetic acid SOhtiOU, 

and 1 .O ml of lMacetatebuffer(pH4.6)wereadded. An 8 % solution (w/v; 1 ml) of dime- 
done in ethanol was then added, and the solution was boiled in a water bath for 10 
min. The resulting crystalline precipitate (which was deposited overnight) was collected 
on &I HA Millipore filter, washed with water, and dried in vuczu Yield, 19.8 mg 
(77.3 flmo1e.s); m.p. 188-190” (sublimes at 140”); spe&c radioactivity, 8.05 x IO3 
decomp./min/~ole. 

Preparation of D-galactose-6-t of high spec@ic activity. - A reaction system of 
5.0 ml contained 60qoles of phosphate buffer (pH 7.5): 31.8flmoles of galactoside 1; 
catalase, 40 units; and galactose oxidase, 210 units. After 19 h of shaking at 30”, 
49% of 1 was found to be oxidized according to the @-galactosidase assay. Tritiated 
sodium borohydride (4.1 mg) (about 20 flcuries/pmole) was added to a 4.5~ml sample 
of the reaction mixture. After 1 h at room temperature, the pH was adjusted to 3.0 
with 0.1~ hydrochloric acid, and then to 7.5 with sodium hydroxide. The solution 
(7.1 ml), which contained 26.5 /Imoles of 1, was incubated for 1 h with 6 units of /?- 
galactosidase and mM magnesium chloride and then transferred through an Amberlite 
MB-3 column (1.2 x 12 cm). The efAuent, on concentration, was found to contain 
only D-galactose (18 moles; activity, 6.55 x IO6 decomp./min/~ole) according to 
chromatographic, calorimetric, and enzymic assays. A portion of this D-galactose- 
6-t was further purified by quantitative chromatography and elution from sheets of 
Whatman No. 3 MM paper. The activity of this sample was 6.65 x lo6 decomp./min/ 
pmole. 

Preparation of tritiared rafinose. - A reaction system of 7.61 ml contained 
99 moles of phosphate buffer (pH 7.5); 100.4 pmoles of rafEnose; catalase, 95 units; 
and galactose oxidase, 420 units. After 16 h incubation at 30”, 65 % of the galactoside 
was found to be oxidized’2. Tritiated sodium borohydride (20.2 mg, ea. 0.8 ,wmies/ 
pmole) were added, and the mixture was incubated for 1 h at room temperature. 
After the addition of 5 ~1 of formaldehyde, the solution was added to a column 
(2.1 x 11.5 cm) of Darco G-6O-Celite 545 (l:l), which had been washed previously 
with 20% aqueous ethanol and water. The charcoal column was washed with about 
60 ml of water to remove salts, and the raf%inose was subsequently eluted with 100 ml 
of 20% aqueous ethanol. This solution was clar%ed by passage through a GS Milli- 
pore fiIter, and then concentrated under reduced pressure to 1.0 ml. Yield, 81 moles 
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of rafhnose-t (2.88 x 10’ decomp./min/~mole), as assayed calorimetrically and by ga- 
lactose oxidase. The trisaccharide was chromatographicahy homogeneous. Ethanoi 
was added to 75% v/v, and the raffinose pentahydrate crystals, which appeared after 
48 h at 4”, were collected on a GS Millipore filter and dried in uacuo. Yield: 27.7 mg 
(46.6pmoles); m.p. 80”; [&, -I- 106” (c 0.5, water); specific activity,2.98 x 10’ decomp./ 
min&mole. 

In order to establish that the tritium resides in the galactoside residue of the 
rafhnose-t, the following experiment was performed. A sample of the tritiated trisac- 
charide was hydrolyzed in N hydrochloric acid for 3 h at 96”. After neutralization, a 
sampie of the hydrolyzate, containing the equivalent of 5 pmoles of rafiinose, was in- 
cubated in a 1 &ml reaction system with 50 mu Tris buffer (pH 7.2); 10 mu magnesium 
chloride; 13 mu adenosine Itriphosphate, and 6 units of yeast hexokinasez4. After 
30 mm at 30”, 0.5~ aqueous barium acetate (0.1 ml) and cold ethanol (4.5 ml) were 
added. After 15 min at 0”, the precipitate was collected on a GS Millipore fifter and 
washed with cold 80% aqueous ethanol. The fltrate was passed through a small 
Arnberlite MB-3 column and concentrated under reduced pressure. It contained only 
a-galactose, as determined by chromatographic, enzymic, and calorimetric methods. 
Zts specific activity was 2.8 x 10’ decomp./min/~moIe. The precipitates containing 
the barium salts of the D-glucose and D-fructose phosphate esters were only negligibly 
radioactive. In a similar experiment, the rafhnose-r hydrolyzate-hexokinase system was 
passed through a Dowex-l(Cl-) column to adsorb the phosphate esters, and the 
D-galactose-r, which was found in the effluent, had an activity of 3.08 x 10’ decomp./ 
min/pmoIe*. 
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SUMMARY 

The aldehyde obtained by oxidation of o-nitrophenyl B-D-galactopyranoside 
with D-galactose oxidase was reduced with tritiated sodium borohydride. The Iabelled 
glycoside was subsequently hydrolyzed with j3--D-galactosidase to yield o-galactose- 
6-f. Rafhnose-t, labelled in the galactose residue, was prepared by a similar procedure. 
It is suggested that this method may be of general application to galactosides which 
can serve as substrates for galactose oxidase. 

*The use of gaIactose oxidase in a procedure for tritium-fabelling of gaIactoside residues in cer&- 

plasmin was recently described by A. G. MORELL, C. J. A. VAN DEN HAMER, I. H. SCHEXNBERG, AND 

G. ASHWELL, J. Biol. Chem., 241 (1966) 3745. In our laboratory we could apply a similar method to 
mark terminal galactoside moieties in galactolipids and several polysaccharidcs. 
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INTRODUCTION 

Early workers’ demonstrated that there was a high degree of specificity in the 
nature of the saccharin&z acids formed during the alkaline degradation of polymeric 
carbohydrates by lime water. Thus, (I +4)-linked aldoses (lactose and maltose) gives 
primarily isosaccharinic acids b-deoxy-a-C-(hydroxymethyl)peatonic acids12, whereas 
the more alkali-labile, (1+3)-linked disaccharides derived from D-glucose and 

D-fructose were converted into acidic products in which th emetasaccharinic acids 
(gdeoxyhexonic acids)3 appeared to be preponderant. The (I +a)-linked disaccharides 
were relatively stable to alkali4. Surprisingly, a mixture of meta- and iso-saccharinic 
acids was obtained’ from melibiose, in contrast to the “a’-n-glucosaccharinic acid 
(z-C-methyl-n-ribo-pentonic acid 1) isolated from D-glut oseitself. In these studies, 
although the major products were characterised by isolation or by paper chromato- 
graphy, accurate, sensitive methods of assaying the individual saccharinic acids were 
not available, and so the early promise of using saccharin&z acid formation for linkage 
analysis was not fulfilled. We now describe such methods and their application to this 
problem. 

METHODS 

Determination of z3osacchurinic and metasaccharinic a&k - Since isosacchar- 
inlc acids give formylpyruvic acid on periodate oxidation, they were assayed under 
the conditions devised by Warren6 for N-acetylneuraminic acid, which is also believed 
to liberate formylpyruvic acid on oxidation with 0.0667~ sodium periodate in 3~ 
phosphoric acid for 20 min at 20~. After removal of excess of periodate with sodium 
arsenite, any formylpyruvic acid was condensed with 2-thiobarbituric acid by heating 
for 15 miu at roo”, the cbromophore was extracted into cyclohexanone, and the 
absorbance was determined at 1_ 549 q. The results obtained in the range o-o.30 
poles of “a”-n-glucoisosaccharinolactone are given in Table I. “a”-n-Glucometa- 
saccharinolactone and 2-deoxy-mzrabim-hexose, assayed (Table I) under the same 
conditions, give a chromophore having A, 532 m similar to that reported by 
W&.renqrom m&o 

. 
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TABLE I 

CALIBRATIONS= OFTHEPERIODATE-THIOBARBrKBUCACIDASSAYS 

“a”-D-Isosaccharinic “c~“-D-Gtucometasac- %Deoxy-D-arabino-hex- “a”-D-Isosaccharinic 
acid6 charinic acid6 osee acid7 

uMoies Absorbance p Moles Absorbance .uMoles Absorbance pMoles Absorbance 

049 44 _ (532 W) - 032 rnp) (549 mP) 

0.0378 

0.0756 

0.1134 

0.1512 

0.2264 

0.3024 

O-550 0.0414 
0.461 

0.0305 0.959 
o-545 0.481 1.071 

0.0378 0.457 

I.124 0.0828 
0.882 

1.152 0.880 
0.0610 

2.380 
2.280 

0.0756 0.962 

1.599 1.564 3.380 
1.646 

0.1242 
1.450 

0.0915 
3.400 

0.1134 1.468 

2.200 
0.1656 

2.240 
2.280 

0.1220 4.55 
2.150 

0.1512 2.000 
4.39 

3.290 3.20 6.81 
3.310 

0.2484 
3.15 

0.1830 
6.90 

0.2264 2.930 

4.350 0.2440 8.96 
4-390 9.04 

“AlI aliquots of reference acids were originally present in 0.04~ barium hydroxide (0.2 ml). 

To assayisosaccharinic acidin thepresenceofmetasaccharinicacid,themilder 

conditions used by Aminoff' to assay N-acetylneuraminic acid were employed 

with minor motications. To standard solutions (0.5 ml)contalning isosaccharinic 

acid (o-zopg), a solution (0.25 ml) of 0.025~ periodic acid in 0.125~ sulphuric acid 
was added. The solutions were kept at room temperature for 30 mm, 2% (w/v) 

sodium arsenitein 0.5N hydrochloric acid (0.2 ml) was added,andthe mixtures were 

shaken to remove the liberated iodine. Aqueous a-thiobarbituric acid (O.IM, aml), 

adjusted to pH 9.0 with sodium hydroxide, was added, and the mixture was heated 

for7.5 minat 100~. Afterrapidcoollngofthesolutionto roomtemperature,butanol 

[5 m&containing 5% (v/v) of I2N hydrochloric acid]wasadded,andtheredchromo- 

phorewasextracted.Anyprecipitatewascentrifugeddown,andtheabsorbance ofthe 

supematantsolution at549 w was determined(Table I). 

The results obtained in both assays with identical aliquots (zoo--298 pg/ml) 

ofseveral compounds, including a sample of maltose (200 pg/ml) degraded with 

0.04~bariumhydroxidefor48hat 25",are giveninTableII.Lacticacidandsodium 
pyruvategaveno reaction in either assay. 

Determination of “p’‘-D-gl~cos~c~arinic acid (1). - In order to simulate the 
conditions ofalkaline degradation, solutions of sodium pyruvate(oto 0.45pmoles) 

andacid l(o to 0.45pmoles)in 0.04N bariumhydroxide(0.3 ml)wereplacedin centri- 

fugetubes,andthe volumes were made up to 1.4 ml withwater.Ao.~-mlportionof 

Carbohydrate Res., 3 (1967) 435-444 
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0.025M periodic acid in 0.125~ sulphuric acid was added to each tube, and all but 

four tubes were kept for 20 min at room temperature. These four tubes, containing the 

TABLE II 
REACTNITY IN DIFFERENT PERIODATE-THIOBARBITURIC ACID ASSAYS 

Compound Assayed at Absorbance under conditions of 

hrcr Owl Warren assay6 Modified Amiuogassay7 

N-Acetylneuraminic acid 549 0.801 0.799 
“a-D-Isosaccharinic acid 549 1.14 1-13 
“a”-D-Glucometasaccharinic 

acid 532 0.912 o-049 
z-Deoxy-D-arabino-hexose 532 I.178 o-890 
Maltose, degraded with barium 

hydroxide 549 0.615 0.605 

same amount of acid 1, were kept for various times (Table III). Aqueous ethylene 
glycol (1.1 mg/ml, 0.25 ml) was added to each tube, the suspension was centrifuged 
down, and the supematant solution was withdrawn. Sodium dihydrogen phosphate 
(I ml of a 0.1~ solution, adjusted to pH 7.4 with sodium hydroxide) was then added, 
together with reduced nicotinamide adenine dinucleotide (NADH,) (3.9 mg/ml of 
water; o. I ml), and the absorbances at 340 v were recorded. Lactate dehydrogenase 

(0.05 ml of Koch-Light enzyme, diluted ten-fold) was added, and the absorbances at 

340 rnp were determined after 15 min. A decreasein absorbanck occurred due to the 
oxidation of NADH, to nicotinamide adenine dinucleotide by the pyruvate originally 

present, or by that produced from periodate oxidation of acid 1. The results are given 

in Table III. 

TABLE III 

LACTIC ACID DEHYDROGENASE CALIBRATED WITH PERIODATE-OXIDISED “a’‘-D-GLUCOSACCHARINIC 

ACID (1) 

Sodium pyruvate Periodate-o.u!dised acid 1 

,u Moles A absorbance Time pMoIes A absorbance Time p Moles A absorbance 

04ompl (min) 040 mpl (min) 040 m,u) 

0.0910 0.192 20 0.0689 0.143 IO 0.4132 0.791 
0.1365 0.278 20 0.1033 0.217 30 0.4132 0.806 
0.1820 0.396 20 0.1378 0.288 
0.2730 o.sM 20 0.2066 0.41s 45 0.4132 0.807 
0.3640 0.755 20 0.2756 O-552 60 0.4132 0.789 
o-4550 0.920 20 0.4132 0.807 

Various amounts of sodium pyruvate and lactic acid in 0.04~ barium hydrcxide 

were assayed alone, and in admixture, by using a final, constant volume (0.4 ml) in the 

Carbohydrate Res., 3 (1967) 435-444 



438 S. A. BABKBR, A. R. LAW, P. J. SOMERS, M. STACEY 

standard assay with lactate dehydrogenase. The absorbances at 340 q were 0.534 
(3opg of pyruvate), 0.532 (30 pg of pyruvate + 45 pg of lactate), 0.690 (40 pg of pyru- 
vate), o-698 (40 pg of pyruvate + 45 pg of lactate), 0.852 (50 pg of pyruvate), 0.857 
(5opg ofpyruvate + 3opg of lactate). 

Degradation of otigosaccharides. - Solutions of a range of carbohydrates 
[zoo ,qg/ml, except melibiose (400 pg/ml), and isomahotriose (300 pg/ml)] in 0.04~ 
barium hydroxide were kept at 25”, no precautions being taken to exclude oxygen. 
AIiquots (0.2 ml) were assayed by the Warren6 periodat*thiobarbituric acid assay 
and, where applicable (the nigeran trisaccharides), also by the Aminoff’ method. 
Other aliquots (0.2 ml) were taken for assay of saccharinic acid, whether free, or bound 
as its 6-C?-glycosyl derivative. Where appropriate, D-glucose liberated during the 
degradation, or after hydrolysis with 2.04~ sulphuric acid (0.25 ml) for 3.5 h at IOOO, 
was monitored by the D-glucose oxidase assay8 on centrifuged, neutralised aliquots 
(0.25 ml). Formaldehyde, liberated after periodate oxidation, was determined by the 
chromotropic acid methodg. Aliquots (0.4 ml) of alkali-degraded melibiose were 
neutralised with 0.125~ sulphuric acid (0.1 ml) and oxidised with 0.025~periodic 
acid (0.1 ml). After 20 min at room temperature, aqueous lead dithionate (20% w/v, 
0.2 ml) was added. The precipitate was removed by centrifugation, and chromotropic 
acid reagent (4.5 ml) was added to 0.5 ml of the supematant solution. The tubes were 
kept for 30 miu at room temperature in the dark, then heated for 30 min at IOOO, 
and cooled, and the absorbances at 570 rnp were determined. 

The results are presented in Tables IV, V, and VI. Other compounds were 
investigated as controls. The products assayed (expressed as ~oles/~ole of original 
compound) were from sophorose (iso- and meta-sacchariuic acid, c0.0310 at 20 h 
and 49 h), cellobiose (isosaccharinic acid, 0.278, 24 h; 0.368,~ h), gentiobiose (iso- 
and meta-sacchariuic acid ~0.0214 at 20 h and 4g h), aa-trehalose (metasacchariuic 
acid ~0.0278 at 24 h and 44 h), ra5ose (iso- and meta-saccharinic acid -z 0.0325 at 
20.5 h and 51 h), and D-galactose (iso- and meta-saccharin&z acid to.0124 at 20.5 h 
and 51 h). 

DISCUSSION 

Linkage analysis of a polymeric carbohydrate by determination of the type of 
sacchariuicacidarisingfrom the reducing end of the polymer, by a sequential “peeling” 
reaction promoted by alkali, has long been an attractive possibility. Examination of 
the theoretical products of periodate oxidation of isosacchariuic acids suggested that, 
like N-acetylneuraminic acid, they should give formylpyruvic acid detectable by the 
Warren assay6. Malondialdehyde, arising from 2-deoxy-D-arabino-hexose, has been 
reported to react in this assay and has been isolated, as its bis-(2,+dinitrophenylhydra- 
zone), from periodic acid oxidation of the 6-U-methyl-D-glucometasaccharinic acidsio. 
Calibration of the Warren reagents against iso- and meta-saccharinic acids showed that 
less formylpymvic acid was obtained from N-acetylneuraminic acid than from an 
isosaccbarinic acid, and that 2-deoxy-D-arabino-hexose gave more malondialde- 

Carbohydrate Res., 3 (1907) 4354M 
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hyde than did a metasaccharinic acid. By using the milder conditions of the Aminoff’ 
assay, negligible malondialdehyde was produced from the metasaccharinic acid, and 
this feature enabled the isosaccharinic acid to be determined specifically in any mixture 
with the metasaccharinic acid. After periodate oxidation of ‘L~“-~-glucosacchariniC 
acid, virtually quantitative recovery of pyruvic acid was obtained, as determined by a 
specific assay with lactic acid dehydrogenasell (Table III). 

The advent of sensitive, quantitative methods for assay of the three major 
saccharinic acids obtained from D-glucose polymers suggested the possibility of 
linkage analysis, on a microgram scale, on the following basis. D-Glucose (Table IV’), 
gentiobiose @-D-GP_(I A)-D-Gp], melibiose [a-D-Galp-(I +~)-D-GJ~J, isomaltose 
Ia-rbGp-(I -+~)-D-GJJ] (Table V), and sophorose v-D-Gp-(I +2)-D-C+], under 
the chosen conditions of alkaline degradation, produced negligible amounts of 
assayable meta- and iso-sacchtiic acids. Since metasaccharinic acid, but no isosaccha- 
rinic acid, is produced from laminaritriose [B-D-Gp-(I -q)-j?-D-Gp-(I +3)+-G& 
laminaritetraose, and turanose [CC-D-G~-(I 43)-D-Fru] (Table V), and isosaccharinic 
acid, but no metasacharinic acid, is produced from maltose [a-D-Gp-(1 +4)-D-Gp], 
maltotriose, and maltopentaose (Table IV), it may be concluded that formation of a 
metasaccharinic acid is diagnostic of a (E +3)-linkage, and that an isosaccharinic acid 
is diagnostic of a (r-+4)-linkage. 

~-Glucose yielded “ar “-D-glucosaccharinic acid(l) under the alkaline degradation 
conditions. When this sugar is produced in a “peeling ” reaction of a (I 33)- or (I +4)- 
linked disaccharide or trisaccharide, it will obviously contribute to, and 
probably accounts for all of, the acid 1 detected by the assay method using periodate 
oxidation followed by determination of free pyruvic acid. Indeed, the molar yield of 
acid 1 only decreases slightly in going from maltose (0.589 moles), through maltotriose 
(0.516 moles), to maltopentaose (0.517 moles), and, furthermore, acid II is not detec- 
table during the first 8h of the degradation of maltotriose and maltopentaose. By 
contrast the proportions of isosaccharinic acid from the di-, tri-, and pen&saccharides 
at 96 h were r:r.9:3.95, closely approximating to the theoretical yields of 1:2:4. 
Isosaccharinic acid is produced from lactulose more quickly,and in greater proportion, 
than from lactose. Glucosylsaccharinic acids originating from a (I +3)- or (1+4)- 

linked polymer would not give pyruvic acid on periodate oxidation, whereas a ~-O-D- 
galactosyl-D-glucosaccharinic acid would give pyruvic acid. The latter appears” to be 
the major product of alkaline degradation of melibiose [K-DAMP (I 36)~D-Gp3, since 
no formaldehyde can be detected after periodate oxidation of the degradation mix- 
ture, whereas free acid 1, metasaccharinic acid, and isosaccharinic acid, all give 
formaldehyde after periodate oxidation. Little free D-glucose (max. IO%) was detec- 
table during the alkaline degradation of isomaltose. Furthermore, on acid hydrolysis 
of the equilibrium mixture from degraded isomaltose, D-glucose and acid 1 were 
produced in roughly equimolar amounts. Hence, the diagnosis of a terminal, reducing 
(r-+link rests on the production of a compound giving a positive reaction in the 
periodate-pyruvic acid determination, a negative reaction to the periodate-formal- 
dehydeassay, and the virtual absence of free iso- and meta-saccharinic acids during 
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alkaline degradation. With isomaltotriose, a 6-O-isomaltosyl-“a”-D-glucosaccharinic 
acid appears to be formed, since less pyruvic acid is found in the periodate-oxidised 
degradation mixture than in that from isomaltose. Such “stopping” reactionsI are 
not a prominent feature of the degradations of (I 34)- and (I +3)-linkages, since, on a 
molar basis, maltose &ves less isosaccharinic acid than do maltotriose and malto- 
pentaose, and Iaminaritriose gives less metasaccharinic acid than does laminari- 
tetraose. As would be expected, panose (a-~-Gp-(1 +6)-a-D-Gp-(I -+4)-~-G&l gives 

almost as much isosaccharinic acid as maltose. However, with the isomeric nigeran 
trisaccharides, isosaccharinic acid production from A [a-D-Gp-(I -+4)-a-D-Gp-(I +3)- 
D-Gp] is comparable with that from maltose (mole per mole), whereas that from 
B [a-D-+( I -+3)-a-D-@-( I +4)-n-G~] is greater. This may reffect the different 
nature of the leaving groups, D-glucose and nigerose, respectively, during isosac- 
charinic acid formation. The alkaline degradation of a (r--+3)-linked residue pro- 
ceeds much faster than for a (r-+4)-linked compound. The order of liberation of 
acids in the initial stages of degradation of A is metasaccharinic > isosaccharinic 
acid, and for B is isosaccharinic acid > metasaccharinic acid. The rate of production 
of acid 1 from B shows a pronounced lag compared with that from A. 

The presence of a reducing, terminal (I +2)-link in a D-glucose polymer confers 
marked stability to alkaline degradation, and hence prevents further “peeling”. When 
sophorose is treated with periodate, a substituted hydroxymalondialdehyde is formed. 
This product (ar free hydroxymalondialdehyde), under the acidic conditions of the 
assay, forms a chromophore with 2-thiobarbituric acid having ;1,,, at 450 rnp. 

Nonreducing oligosaccharides, such as cca-tiehalose and rafhnose, did not pro- 
duce sufficient saccharinic acids, under the degradation conditions, to interfere with 
the diagnostic use of the assays proposed for linkage analysis. 
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SUMhfARY 

Methods for assaying isosaccharinic, metasaccharinic, and saccharinic acids on 
a microgram scale are described; these may be used to monitor the production of 
such acids during the alkali-mediated, “peeling” reaction of oligosaccharides. These 
methods of assay, coupled with determination of theformaldehyde produced following 
periodate oxidation of the equilibrium degradation mixture, are proposed for use in 
linkage analysis of oligosaccharides containing hexoses or hexuloses. 
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INTRODUCTION 

Galactans having various s+ructures are found inthe plant and animal king- 

doms l-‘. A synthetic galactan was recently studied by Dutton and Unrau’. Galactans 
from different species of mollusc have been intensively investigated recently. The 
albumen gland and egg of HeZix pomatia have long been known to contain a poly- 

saccharide which has been characterizedg-l3 as a galactan. This polysaccharide is 

highly branched and contains both D- and L-galactopyranose residues linked &( I -3) 
and &(I-&) l4 Galactans have been isolated from South Indian, common gastro- . 
pod@, e.g., from the uterus of fully mature Pila, and from the albumen gland of 

Viviparus and Ariophanta. Since these galactans involve a variety of structures, it was 

considered worthwhile to investigate the structure of galactans from new sources. 

Biomphalaria glabrata is the intermediary host of Schistosoma mansonicercariae, and 
its feminine sexual apparatus contains an albumen gland whose function is not clear. 
DuarteetaZ.16 isolated several polysaccharides from the total soft part of thismollusc, 

but difEculties were encountered in the separation of the galactan from other poly- 

saccharides. 
We now describe a structural investigation of a gala&m isolated from the 

dissected albumen gland of B. gkzbrata. 

EXPEFUMENTAL 

General experimentaI conditions. - Intact and hydrolysed polysaccharides were 

assayed by the galactose-oxidase test”. Paper chromatography (descending) was 
performed on Whatman No. 4 paper with the following solvent systems (all v/v): 

(a) benzene-b&y1 alcohol-pyridine-water (1:5:3:3, upper layer), and (b) propyl 

alcohol-ethyl acetate-water (70:10:20). Detection was effected with silver nitratel’ 

and 0.5 oA ninhydrin in water-saturated butanol. Disaccharide fractions, after reduc- 
tion with sodium borohydride, were subjected to paper ionophoresis, using a molyb- 
datesulphuric acid mixturelg ; paper ionophoresis of the polysaccharide was perfor- 

*Following Opinion 735 of the International Commission on Zoological Nomenclature, published in 

May 1965, the generic name Biomphalaria is used as a senior synonym of Arcstralorbis. 
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med for 4 h at xoo volts/cm in 0.2~ borate buffer (pH 8.5). A Nujol mull of 2-5 mg of 
polysaccharide was used for determination of the i.r. spectrum with a Beckman IR-8 
Infrared Sr-xtrophotometer. Optical rotations were determined on aqueous SdU~Ons 

(Schmidt Haench polarimeter with a sodium lamp), at polysaccharide concentrations 
of o-5-~.og/rooml. Uranic acid was determined by the carbazole method2’, and 
sulphate by the bermidine procedure2’. Osazone preparation was performed according 
to the method of Hassid and McCready 22 Total nitrogen was assayed by the micro- . 
Kjeldahl procedure 23 Total carbohydrate was determined by the phenol-sulphuric . 

acid method2*. 
Pun@ation of the polysaccharide from the albumen gland of B. glabrata. - 

Specimens of B. glabrata, with a maximum shell diameter of 15 mm, were collected 
from several creeks around Curitiba, Parani, Brazil. After 24 h of observation, the 
snails that were not shedding cercariae were starved for 48 h. They were then killed 
by immersion, for about 60 set in water at 7o-75”, and removed from their shells. 
Only the snails that showed no tissue parasites were subsequently used. The albumen 
glands were dissected and immediately inactivated by storage at 80” for at least IO mm. 
After homogenization of the albumen glands in a Van Potter-Elvehjem homogenizer, 
the volume was made up to IOO ml. Homogenate containing 21 mg of total nitrogen 
per IOO mg of neutral carbohydrate was treated with proteolytic enzyme (0.2 mg of 
proteinase of BaciZZxs subtiZis/ml of the homogenate) for 15 h at 37”, and then centri- 
fuged at 18,ooo g for IO min. The precipitate was discarded, and ethanol (3 vol.) was 
added to the supematant solution. The resulting precipitate was dissolved in mo ml of 
distilled water (Fraction A) and submitted (3 times) to the Sevag deproteinisation 
method25. The combined epiphases of this process were treated with ethanol (3 vol.), 
and the resulting precipitate was dissolved in 80 ml of distilled water (FractionB).This 
fraction was further purified by treatment with cetyltrimethylammonium bromide 
(Cetavlon)26-28. The precipitate obtained at pH 7 was discarded. The supematant 
solution from this fraction afforded a precipitate at pH 8.5 (Fraction C, which, in this 
paper, is referred to as the polysaccharide). A further precipitate, obtained at pH 12, 

contained only glucose, and was kept at o” for later analysis. The polysaccharide 
purification was monitored by using U.V. absorption spectra (Beckman DU Spectro- 
photometer) (Fig. I). In each step of the purification, tests were also made for total 
carbohydrate and nitrogen (Table I). 

TABLE I 
PURIFICATION OF THE POLYSACCHARIDE 

Fraction Homogenafe A B c= 

Mg of total nitrogen per 100 mg of 
neutral carbohydrate 

qoo small to be determined. 
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Partial and total acid hydrolysis of the polysaccharide. - The optimal time for 
hydrolysis of the neutral carbohydrate was determined with N sulphuric acid (IO mg/ 
2 ml) at IOOO in sealed tubes under nitrogen. The hydrolysate was neutralized with 

Q 0.300+ 

:! 

x 
b /.A\ 

qO.20,- ,, 

- \ 

O\ 

O.lOO-- 

10 
I" 

-"q??,\ 

\- @ ----_~b__o.o 

01 : ; : : : : : : : ! : : : 
240 250 260 270 280 290 300 

Wovelength (rnp) 

Fig. I. U. v. spectra of fractions obtained during polysaccharide purification. (I) Fraction A, proteoly- 
tic enzyme: (2) Fraction B, Sevag method: (3) Fraction C, cetavlon precipitation (pH 8.5). 

barium hydroxide, and the pH was adjusted to approximately 5. The hydrolysate was 
passed through a column of Dowex 5oW-X8 (200-400 mesh, H+) coupled to a column 
of Amberlite IR-4B (25-50 mesh, OH-). Partial hydrolysis was performed on the poly- 
saccharide (300 mg) with Dowex SOW-x12 (2oo-400 mesh, H+) in a sealed tube for 
IO h at ILOO. The partial hydrolysates were treated with ethanol (3 vol.) and the 
precipitate was again subjected to acid hydrolysis with O.IN sulphuric acid for 7 h at 
100”. The hydrolysates were combined and fractionated on charcoal-Celitezg. 

Periodate oxidation and Smith degradation of tke polysacckaride. - A sample 
of the polysaccharide (30 mg) was subjected to periodate oxidation with 2 ml of 0.2~ 

sodium periodate at ca. 2O, in the dark. Periodate consumption (up to 120 h) was 
estimated by the Fleury and Lange methodJo, and formic acid by potentiometric 
titration3’. Another sample (30 mg) was submitted to Smith degradation32*33. After 
periodate oxidation, the polyaldehyde was reduced with borohydride, and then hydrol- 
ysed with N sulphuric acid for 3 h at 100~. Borate ions were removed by successive 
treatments with methanol and evaporation, after removal of cations with Dowex 
5oW-X8 (200-400 mesh, Ht)34. Fractionation of the Smith degradation products was 
effected with ion-exchange resins35 and preparative paper chromatography [solvent 
(a), Whatman No. 3MM paper]. Hexose was determined by the phenol-sulfuric acid 
method. The isolated polyhydric alcohols were determined by the chromotropic acid 
method36, and also analysed by g.1.c. after acetylation. Standards of glycerol triacetate 
(b.p. 259”) and erythritol tetra-acetate (m.p. 85”) were used. G.1.c. was performed on an 
F and M 700 instrument, using nitrogen as carrier gas, with a column (6 x 1500 mm) 
of polyethylene glycol succinate (15% on Diatoport S) at Igo”. The results are shown 
in Table II. 
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TABLE II 

PRODUCTS FROM SMlTH DEGRADATION OF THE POLYSACCHARIDE 

Sample (mgj Moles of formic acid per Moles of periodate per Ratio, formic acid Ratio,giycero 1: 

residae of galactose residue of galactose periodate golactose 

30 0.62 1.17 1:r.g I :o.g 

Barry degradation of the polysaccharide. - Successive Barry degradations3’ 

were made on the polysaccharide and, after each degradation, samples were hydrolysed 
and analysed by paper chromatography [solvent (a)]. The first periodate oxidation 

was made with 200 mg of polysaccharide and IO ml of 0.2~ sodium period&e. The 
results are shown in Table III. 

TABLE III 

ANALYSIS OF PRODUCTS FROM BARRY DEGRADATIONS OF THE POLYSACCHARIDE 

Barry degra- Periodate oxi- Sample Moles offormic acid per Moles ofperiodate per Ratio, formic 
dation number da&n number hg) residae of galacrose residue of galacrose acid: periodare 

First 
Second 

First 200 0.62 1.17 1:x.9 
Second 104 0.44 1.00 1:2.3 
Third 50 o-49 1.08 x:2.2 

RESULTS AND DISCUSSION 

The major step in the purification (Table I) of the polysaccharide involved the 
use of Cetavlon, since this precipitated a mixture of nucleic acid (Fig. I) and other 
impurities at pH 7, and left in solution a galactan, which was easily precipitated by 

borate buffer at pH 8.5. After hydrolysis and paper chromatography, no evidence 

could be obtained for the presence of sugars other than galactose. The presence of this 

hexose was confirmed by preparation of the osazone. Neither uranic acid nor sulphate 

was detectable by specific tests. The absence of nitrogen, nucleic acid (no absorption 

at 260 m,z Fig. I), and amino acids (no ninhydrin reaction) in fraction C, together with 

other data, indicated a high degree of chemical homogeneity, and, in the absence of 
evidence to the contrary, the results of chemical degradations may be regarded as 

applying to a single type of complex molecule. 

Products of partial hydrolysis, containing 70% of reducing carbohydrate, were 
fractionated on charcoal-celite ” Only galactose was identiCed in the aqueous frac- . 
tion. Disaccharides (major fraction) and oligosaccharides (small fraction) were also 

obtained. Beforeand after reduction with sodium borohydride, the reducingdisacchar- 
ide (ratio of total to reducing sugar, 2:1) was found to contain two components, 

in comparabIe amounts, on examination by paper chromatography. Bourne ef aL3’ 
have used paper ionophoresis. in the presence of molybdate, to distinguish between 
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disaccharide alcohols. The unknown disaccharide alcohols showed ionophoretic 
migrations identical with those of standard compounds containing (I +3)- and (I -4) 
linkages, and it may be concluded that the disaccharides contain these linkages in 
equimolecular proportions. Weinland12 recorded similar results for the gala&m from 
the eggs of H. pomatia. 

The completely hydrolysed polysaccharide, when analysed with galactose oxi- 
dase, which is specific for D-galactopyranose and certain carbohydrate derivatives 
having the same configuration with free positions at C-6 and C-4, was found to contain 
64% of D-galactopyranose and 36% of undetermined hexose, presumably r_-galacto- 
pyranose (ca. 2:1 ratio of D- to L-galactopyranose). Since, as shown above, ca. 50% 
of the galactose was linked through position 6, and treatmentoftheintactpolysacchar- 
ide with galactose oxidase resultedin reaction of 27% of the galactopyranose residues, 
it appears that D- and L-galactopyranose residues were present as end groups to the 
extent of 27% and 23%, respectively (ca. I: I ratio of D- to L-galactopyranose). May 
and Weinland13 found a higher ratio for the D and L forms in the galactan from the 
eggs of ET. pomatia. 

The infrared spectrum of the polysaccharide, examined in the rooo-700 cm-’ 
region, had a band of moderate intensity at 8go cm’-‘, characteristic of P-D linkages3g, 
and a band at 760 cm-’ that may be attributed to a ring-breathing vibration4’. 

The polysaccharide had [al’,“+ 19.5” (water), which changed to ca. +56” 
after 40% of hydrolysis; this behaviour is indicative of the &configuration for the 
mixture of D- and L-forms. 

The presence of (I +6)-linkages in the polysaccharide was corroborated by data 
from periodate oxidation, in which a ratio of ca. 1:2 for formic acid liberated to 
periodate consumed was obtained (Table II). Since galactose residues involved in 
(1+3)-linkages do not consume periodate, their presence was not excluded. Paper 
chromatography of the Smith degradation products revealed components that migra- 
ted as glycerol and galactose. After separation of these products on an ion-exchange 
resin, the fraction containing the polyhydric alcohol was acetylated, and the product 
was identified by g.1.c. as glycerol triacetate. The hexose eluted from the same column 
was identified as galactose. Quantitative determination of these products gave a ratio 
of r:o.g for glycerol to galactose (Table II). The formation of glycerol and galactose, 
in a ratio of ca. I:I, in the Smith degradation establishes the presence of (I +3)- and 
(I +6)-linkages in approximately equal proportions. No threitol (which would result 
from 4-linked galactose) was detected. Various structures may be proposed to explain 
these results. Thus, the galactan could involve a back-bone of (I +3)-linked galacto- 
pyranose residues, to which are attached side chains of single galactopyranose residues 
linked(r +6) or vice versa. Baldwin and Bell” investigated the methylation products of 
the gala&an of the albumen gland of Helix pomatia and deduced a similar structure. 

Successive Barry degradations were applied to the periodate-oxidised poly- 
saccharide (Table III). The first degradation afforded a yellow, water-insoluble precipi- 
tate, corresponding to approximately half (104 mg) of the original sample (200 mg). 
The second degradation yielded a yellow, water-soluble product, corresponding to a 
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quarter (50 mg) of the original sample; this product was precipitated with difficulty by 
ethanol (3 vol.). The original sample and theresidual yellow precipitates afforded the 
same ratio (CQ. 1:2) of formic acid released to periodate comsumed. Hydrolysis of the 
yellow precipitates yielded only galactose. Treatment of the oxidized polysaccharide 
with phenylhydrazine acetate and mild hydrolysis afforded a rapid fragmentation of 
the terminal units (as osazones), and the residual polysaccharide, the chain lengths 
of which were then 50 oA shorter than in the original, could be recovered. New, terminal, 
nonreducing units could then be oxidized by periodate, and further degradation was 

possible. This degradative pattern suggests that the galactan contains the same number 
of nonreducing end-groups as inner residues of the branched-chain structure. For 
each pair of terminal residues, one is linked to C-3 and the other to C-6 of the same 
inner residue of the polysaccharide chain (see Fig. 2). Thus, it may be concluded that 
the neutral polysaccharide from the albumen gland of B. glabrata contains D- and L- 

galactopyranose residues linked /?-(I-+)) and /I-( r-+6) (in equal proportions), in a 

highly branched structure, probably similar to the structure established by 0’Colla14 
for the gala&an of another gastropod (Fig. 2). 

Fig. 2. Section of the pattern proposed for the polysaccharide isolated from the 
B. glabrata. 
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SuMhfARY 

A neutral galactan, found in the albumen gland of 23. glabrata, has been studied 
by acid fragmentation, by periodate oxidation, and by Smith and Barry degradations. 
The galactan has a highly branched structure and contains D- (64 “/o) and L-galacto- 
pyranose residues (36%) linked p-(I 43) and /I%( I +6), in approximately the same 
proportion. The release, on mild hydrolysis with acid, of two disaccharides, 3-G 
galactopyranosylgalactopyranose and 6-O-galactopyranosylgalactopyranose, is dis- 
cussed in relation to the occurrence of these sugar sequences in the polysaccharide 
structure. 
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ACETAL EXCHANGE REACTIONS 
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INTRODUCTION 

Although l,l-dimethoxyethane and 2,24imethoxypropane have been used to 
prepare ethylidene and isopropylidene derivatives of sugarsl, other dimethyl acetals 
do not appear to have been used except with a few nucleosides 2*3. We now** report 

the use of acetal exchange for preparing acetals of methyl cx+glucopyranoside. 
Further investigations, to be reported later, indicate that the method is widely appli- 

cable. 

Rl3LJL’i-S AND DI!XUSION 

The equilibrium involved in acetal exchange may be formulated as in equation A. 

HCOH HtiO 
. 
: 
: . + RR’C(OMe)a F+ 

5 yR 
i + 2 MeOH.. . . . . . . . . . . . . . . . . _ . . . (A) 

H&H 
i/\ 

HCO R’ 

[Hampton2b indicated that the dial and the carbonyl compound are the primary 

reactants, with the dimethyl acetal acting as a desiccant: 

I 
HCOH HCO R 

: . 
: + RR’CO f ‘c/ + Hfi s . . . . . . . . . . . . . . . . . . . . . . . . . . (B) 
. 

i/\ 

HCOH HCO R’ 

I I 

RR’C(OMe)s + Hfl +- RR%0 + 2 MeOH . . . . . . . . . . . . . . . . . . . . . . . . . . . . 03 

*present address: Chemistry Department, University of Alberta, Edmonton, Alberta, Canada. 
**A preliminary account of part of this work has been published, see ref. 4. 
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Since reaction C is an efficient scavenger for water (see the experimental section), 
equilibrium B should be displaced until no diol is left; this does not happen. Further- 
more, addition of methanol to the reaction decreases the yield of cyclic acetak 
this is readily accounted for by reaction A, but is difhcult to explain by reactions B 
and C.] Equilibrium A appears to lie well to the right, except where the cyclic acetal 
is strained. In the work now presented,. no attempt was made to displace the equilib- 
rium by removing methanol from the mixture, although we have since found that 
this is possible. 

Reaction of methyl a-D-ghxcopyranoside with various dimethyl acetals and an 
acid catalyst in N,N-dimethylformamide gives 4,6-acetals of the sugar together with 
minor products. Unchanged starting material is recovered readily, and overall recovery 
of carbohydrate material is nearly quantitative; these factors make the method 
attractive where valuable starting materials are involved. Aidehyde seIf_condensation 
products, often a source of inconvenience in conventional acetalation reactions, are 
eliminated, since little free aIdehyde is present during acetal exchange. Small propor- 
tions of acid catalyze the reaction, and neutralization is effected simply with dry, 
basic, ion-exchange resin. Residual dimethyl acetal is removed by evaporation or by 
chromatography on silica gel. 

Reaction of methyl a-D-glucopyranoside with 2,2dimethoxypropane and p- 

toluenesulfonic acid in N,N-dimethylformamide gives unchanged glucoside, methyl 
4,6-O-isopropylidene-a-D-glucoside (l), and in low yield, methyl 2,3:4,6-di-O-iso- 
propylidene-a-D-ghrcoside (2). From treatment of methyl a-D-glucopyranoside with 
acetone, OhZe and Spencker’ obtained no isopropylidene derivative, and Jones6 
isolated only a low yield. 

Evidence for the structure of 2 as methyl 2,3:4,6-di-O-isopropyhdene-a-D- 
glucoside is given in ref. 4 and in the experimental section; This compound provides 
the first example of acid-catiyzed formation of a cyclic acetal bridging vicinal, 
rranri-hydroxyl groups on a pyranoid ring. In a preliminary publication4, we suggested 
that the low yield of 2 might be accounted for by initial formation of the 4,6-0- 
isopropylidene ring, and that this holds the molecule in a conformation that hinders 
formation of the 2,3-acetal ring. Treatment of methyl 4,6-U-isopropylidene-a-D- 
glucoside with 2,2-dimethoxypropane-p-toluenesulfonic acid-N,N-dimethylform- 
amide, however, gives 2 in 14-19x yield, depending on the relative proportions of 
monoacetal and acetalating reagents used. In view of this observation, we consider 
the following explanation more probable than the earlier one. 

Equilibrium (0) lies well to the right, as shown by the high yield of 1; equilib- 

+ Me2C(OMe)2 m -t 2 MeOH WI 

OH 

(1) 
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rium (A’) lies to the left, owing to the strained conformation of 2. With methyl 41-D- 

gkopyranoside as the starting material, the high concentration of methanol produced 
in the mixture by reaction (0) displaces reaction (E) to the left; with methyl 4,6-0- 
isopropyhdene-a-D-glucoside as the starting material, a much lower concentration of 

+ MqC(OMe), .e + 2 MiOH IN 

Me -Y 
Me 
(2) 

methanol is present and reaction (E) proceeds further to the right. Sup&t for this 
explanation was obtained by treating the 4,6-acetal with 2,2-dimethoxypropane-p- 
toluenesulfonic acid-N,NAimethylformamide in the presence of two molecular pro- 
portions of added methanol; in this experiment, the yield of diacetal was only 1.5x, 
whereas, in a parallel experiment in which no methanol was added, the yield was 14%. 

Reaction of methyl cr-D-glucopyranosidewith2,2-dimethoxy-3,3-dimethylbutane 
and p-toluenesulfonic acid in NJGiimethylformamide gives methyl 4,6-0-(I-&H- 
butylethylidene)-or-D-glucoside, methyl 2,3:4,6-di-O-(l-rert-butylethylidene)-a-~glu- 
cosides, and unchanged glucoside. Two diacetak, probably diastereoisomeric at the 
2,3-methylidene carbon atom, were apparent in t.l.c., but we were unable to separate 

these by preparative t.1.c.; the slower-moving isomer was, however, obtained crystal- 
line and was freed of the faster-moving isomer by recrystallization. Examination of 
the mixture by n.m.r. showed, infer alia, singlets at 59 c.p.s.* (tert-Bu), 76, 79, and 
84.5 c.p.s. (Me). Since methyl 4,6-0-(l-tert-butylethylidene)-2,3-di-O-methyl-a-n- 
glucoside gives singlets at 57 c.p.s. (tert-Bu) and 83 c.p.s. (Me), the signals at 76 and 
79 c.p.s. probably arise from the methyl groups attached to the 2,3-methylidene carbon 
atoms in 3 and 4. The spectrum of the pure, slower-moving isomer shows no signal at 
79 c.p.s., whereas, in the spectra of faster-moving fractions, this signal is enhanced at 
the expense of that at 76 c.p.s. 

Me 

tel-f - eu 

3 CR’= W-f-au, R”= Me) 

4 CR’= Me, R”o ferf - Bu) 

The 1-reri-butylethylidene mono- and di-acetals decompose during chromato- 
graphy on silica gel, unless a base, such as trietbylamine, is present in the eluant. 

*AU n.m.r. spectra were measured with a VarianA60 spectrometer, using C(I. 25% solutions in carbon 
tetra&loride, with tetramethylsilane (TMS; 0.0 c.p.s.) as an internal standard. 
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Treatment of methyl cc-D-glucopyranoside with acetophenone (methyl phenyl 
ketone) dimethyl acetal and p-toluenesulfonic acid in N,N-dimethylformamide gives 
only methyl 4,6-O-(1-phenylethylidene)~or-D-glucoside and unchanged glucoside. With 
benzophenone (diphenyl ketone) dimethyl acetal, reaction is slow, and several days 
are necessary for the dimethyl acetal to dissolve; methyl 4,6-U-(diphenylmethyl- 
idene)-a-D-glucoside (5), methyl 6-CL(methoxydiphenylmethyl)-a-D-glucopyranoside 
(6), and unchanged glucoside are obtained. The 4,6-acetal is obtained in low yield; 
this fact and formation of the mixed acetal(6) may be due to the unfavorable’, axial 
phenyl group in 5. If this explanation is correct, the phenyl group in methyl 4,6-0-(1- 
phenylethylidene)-E-D-glucoside is probably equatorial. Foster er a[.’ have shown 
that the phenyl group in methyl 4,6-0-benzylidene-a-D-glucoside is equatorially 
disposed. 

OMe 

(5) (61 

Treatment of 6 with dry hydrogen chloride in chloroform gives 5 and methyl 
cr-D-glucopyranoside (chromatographic evidence only). Compound 6 is cleaved during 
chromatography on silica gel, unless an eluant containing a base is used. 

Each of the monoacetals (derived from pinacolone, acetophenone, and benzo- 
phenone) was methylated, hydrolyzed with acid, and then treated with 2,2dimethoxy- 
propane and p-toluenesulfonic acid. In each case, the product was indistinguishable 
from that obtained by methylation of methyl 4,6-0-isopropylidene-a-D-glucoside. 

Jones6 reported that, in periodate oxidation of methyl 4,6-O-isopropylidene-a- 
D-glucoside, when the optical rotation of the solution is at its minimum value, the 
periodate uptake is 1 mole/mole. We investigated this oxidation at the natural pH of 
sodium periodate (pH 4) and at pH 7; in both cases, the compound consumes 2 moles/ 
mole, with no discontinuity in the uptake-time curves. With the less acid-labile methyl 
4,6-U-(1-phenyIethylidene)-a-D-glucoside, at pH 4, the uptake-time curve shows a 
discontinuity at 1 mole/mole; borohydride reduction when the uptake is 1 mole/ 
mole affords a product that gives analytical data consistent with those calculated 
for the expected diol. The periodate uptaketime curves are shown in Fig. 1. 

The relative acid-stabilities of the monoacetals were assessed by hydrolysis of 
their pet-methyl ethers in 75% acetic acid at room temperature. The isopropylidene 
and 1-tert-butylethylidene derivatives are cleaved at indistinguishable rates, and hy- 
drolysis is complete within 90 min. The 1-phenylethylidene and diphenylmethylidene 
compounds are more stable, and require 3 days and 4 days, respectively, for hydrolysis. 
Hampton2b has found a similar order of stability. Methyl 6-O-(methoxydiphenyl- 
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methyl)-2,3,4-tri-O-methyl-a-D-glucoside is cleaved within 10 ruin; compound 6 
gives a mixture of hydrolysis and ring-closure products. 

EXPEFSMENTAL 

General. - Methyl cr-D-glucopyranoside was freed of D-glucose by passage 
through Dowex-1 (OH-) resin and subsequent recrystallization from water. Dimethoxy 
diphenylmethane (Aldrich Chemicals), 2,2dimethoxypropane (Eastman Organic 
Chemicals), and N,N-dimethylformamide (spectroscopic grade; Matheson, Coleman, 
and Bell) were used as supplied. p-Toluenesulfonic acid was used as the monohydrate. 
Where indicated, solutions were neutralized by shaking them for at least 2 hwith excess 
Rexyn AGl (OH-) resin (in methanol). Column chromatography was performed on 
Brinkmann silica gel (0.05-0.2 mm) with a loading of l-2%, and thin-layer chromato- 
graphy was done on Brinkmann silica gel GFZS4. Eluane are noted in parentheses; 
solvent 1 refers to 3:3: 1 benzene-chloroform-isopropyl alcohol. Evaporations were 
performed below 40”. 

Acetophenone dimethyl acetal. - A solution of acetophenone (12g) andtrimethyl 
orthoformare (16 g) in methanol (80 ml) containing Dowex 5OW-@I+) resin (1 g) 
was protected from moisture and boiled under reflux for 5 h. The solution was filtered 
into a flask containing a little AGl resin (OH-), and evaporated. The product was 
distilled from the AGl resin at 85-87°/15 mm, to give acetophenone dimethyl acetal 
(13.2 g, 80%), which showed a single peak, distinct from that of acetophenone, in gas- 
liquid chromatography. The n.m.r_ spectrum of the product showed a 5-proton multi- 
plet at 537-555 c.p.s., a 6-proton singlet at 185 c.p.s., and a 3-proton singlet at 87 c.p.s. 
No C=O stretc_hing was apparent in the infrared spectrum of the product. 

Reactions of methyl ar-D-ghuopyranoside with various metals. - (I) With 

2,2-dimethoxypropane. Methyl cc-D-glucopyranoside (3.88 g) was added to a stirred 
solution of p-toluenesulfonic acid (0.05 g) and 2,2dimethoxypropane (4.0 g) 
in N,AUimethylformamide (30 g); the glucoside dissolved within a few min. 
After 24 h, the solution was neutralized with AGl resin, Shered, diluted with water 
(150 ml), and extracted with hexane for 2 h. The dried (K&OX) extract was evaporated 
below 30°, and the product was puriiied by column chromatography (1:l hexane- 
ether) to give 2 (0.10 g, 1.8 %), m. p. 83-85”. The analytical sample had m-p. 85” 
(from hexane) and [a]‘, + 99” (c 2.0, benzene). 

Anal. Calc. for Cr3HZ206: C, 56.9; H, 8.1; mol. wt.274. Found: C, 57.1; H, 8.0; 
mol. wt. (osmometry) 271, (mass spectrometry) 274. 

After evaporation of the aqueous phase, xylene (2 x 100 ml) was evaporated 
from the product. Extraction with boiling dichloromethane (2 x 100 ml) left a resi- 
due of methyl cc-n-glucopyranoside (0.68 g, 17.5 “/,), m.p. 165”. Evaporation of the 
extract gave 1 (3.7 g, 79x), m.p. 82-83.5”, [a];’ + 105” (c 4.7, water). The product 
could not be recrystallized satisfactorily, but examination by t.1.c. (solvent 1) showed 
traces of only two contaminants of low RF values. Jones6 gave m.p. 8486”, [alo +94” 
(c 5.0, water), and also noted difficulty in recrystallization. 
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-(2). With (I,l-dimethoxyethyl)benzene (acetophenone dimethyl acetal). The 
reaction was conducted essentially as described in (I). Unchanged D-gbtcoside (IO “/o) 
was recovered, and methyl 4,6-O-Cl-phenylethylidene~a-D-glucoside (go”%) was 

obtained. The latter compound was the only product detected at any stage in the 
reaction; m.p. 162”, [a]26 + 150” (c 1.2, chloroform). 

Anal. Calc. for C,,H,,-,OB: C, 60.8: H, 6.8. Found: C, 60.7; H, 6.9. 
(3) With dimethoxydiphenyImethm2e (benzophenone dimethyI acetaZ). The 

reaction was performed essentially as described in (I), except that a reaction time 
of several days was used since the dimethoxydiphenylmethane dissolved only slowly. 
Unchanged glucoside (63 “4 was recovered. The dichloromethane extract contained 
two products which were separated by column chromatography; eluted first (with 
0.25%of triethylamineinethylacetate)was5(14%),afoam,[a]~+ 101” (c45,acetone). 

AMZ. Calc. for C+,,H2206: C, 67.0; H, 6.2. Found: C, 66.9: H, 6.5. 
Bluted second (with 0.25% of triethylamine and 5% of isopropyl alcohol in 

ethyl acetate) was 6 (18x), m-p. 118-119°, [a]*2 + 84” (c 0.7, acetone). 
Anal. Calc. for C21H260;: C, 64.6; H, 6.7. Found C, 64.7; H, 6.7. 
(4) With 2,2-dimethoxy-3,3-dimethylbutane (pin.acoIone dimethyl acetal). 

The reaction was performed essentially as described in (1). The hexane extract was 
fractionated by column chromatography; eluted first (with 0.25% of triethylamine 
in 2:1 hexaue-etber) was a mixture of two compounds, probably the diastereoiso- 
merit acetals 3 and 4. 

Anal. Calc. for C,sHs,Oe: C, 63.7; H, 9.6. Found: C, 63.8; H, 9.6. 
Eluted second (with 0.25 % of triethylamine in ethyl acetate) was methyl 4,6-O- 

(l-tert-butylethylidene)-a-D-glucoside (61x), m-p. 174-175”, [a]: + 100” (c 0.34, 
acetone). 

Anal. Calc. for Ci8H2.+06: C, 56.5; H, 8.8. Found: C, 56.7: H, 8.7. 
The dichloromethane extract yielded more (13%) of the 4,6-acetal, and the 

insoluble residue was methyl a-D-glucopyranoside (7%). 
A sample of the mixture of diacetals 3 and 4 was applied to each of five 

20 x 20 cm plates covered with a l-mm thick layer of silica gel (Brinkmann, for 
thin-layer chromatography). After ten developments with hexane containing 0.5% 
of isopropyl alcohol and 0.25% of triethylamine, the appropriate regions of the plates 
were divided into six horizontal bands which were removed and individually eluted 
with dichloromethane containing 0.25% of triethylamine. Separation was incomplete, 
but the slower-moving component was obtained crystalline and, after recrystallization, 
had m. p. 114” and was free from the faster-moving isomer in t.1.c. (two developments 
with 2% of isopropyl alcohol in hexane). 

Anal. Cak. for C19HS406: C, 63.7; H, 9.6. Found: C, 64.2; H, 9.7. 
Methylation of methyl 4,6-O-(diphenyrmethyiid~o)-u-D-g~ucosi& (5). - A 

mixture of the title compound (0.36 g), silver oxide (1.4 g), methyl iodide (1.2 g), 
and N,N-dimethylformamide (10 ml) was stirred for 12 h atroom temperature. Water 
(1 ml) was added and the mixture was stirred for a further 1 h. The silver salts were 
filtered off and washed with methanol (20 ml) and N,N-dimethylformamide (20 ml). 
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TABLE I 
TIMES ‘l-0 CoxlpLFTE HYDROLYSIS OF ACRTALS 

Compound Formuhz No. Time 

Methyl 2,3-di-O-methyl-4,6-0-R’,R*- 
methylidenea-n-glucoside 

R’ = R” = Me 
R’ = Me, R” = tert-Bu 
R’ = Me, R” = Ph 
R’ = R” = Ph 

Methyl aO-(methoxydiphenylmethyl)- 
&3,4-tri-0-methyl-a-~glucoside 

7 
8 
9 

10 

9omin 
90 min 

3 days 
4days 

10 min 

Graded hydrolysis of methyl 2,3:4,6-di-O-isopropylidene-a-wglucoside (2). - 

A sample (0.083 g) of the title compound was dissolved in glacial acetic acid 
(3.3 ml) and the solution was kept for 12 h at 25-30”. After removal of the acid at 
30”/0.3 mm, toluene(3 x 20ml) wasevaporated from the residue. Extraction with warm 
dichloromethane (20 ml) left a deposit of methyl a-D-glucopyranoside (0.018 g, 30%), 
and evaporation of the extract gave methyl 4,6-0-isopropylidene-a-D-glucoside(O.O5g, 
70%). Both products were identified by mixed melting points and by comparison of 
their infrared and n.m.r. spectra with those of the authentic compounds. 

Hydrolysis of 2,2-dimethoxypropane. - A small crystal of p-toluenesulfonic 
acid was added to a suspension of water (0.020 g) in 2,2dimethoxypropane (0.309 g); 
the water dissolved immediately. The n.m.r. spectrum was measured, and the inte- 

grated intensities of the signals from the methyl groups Me,C(OMe), and Me&O 
were found to be in the ratio l-67:1. Calculated for complete removal of water from 
the system, this ratio is 1.67:1. 

Periodate oxidations. - Compound 1 (0.06 mmole) in ethanol (0.4 ml) was 
treated with 0.133~ aqueous sodium periodate (1.2 ml), and the solution was kept in 

the dark at 27”. At intervals, samples (0.1 ml) were withdrawn and diluted to 150 ml, 
and the periodate uptake was estimated from the absorbance at 222 rnp according to 
the me+hod af Aspinall and Ferrier ‘. A similar experiment was performed with methyl 
4,6-O-(l-phenylethylidene)~or-D-glucoside. 

The experiment with the isopropylidene compound was repeated, but using 
0.133M aqueous sodium periodate adjusted to pH 7 by addition of 5~ sodium hydr- 
oxide solution. 

The results are shown in Fig. 1. 
Methyl 4,6-0-(l-phenylethylidene)~a-D-glucoside (0.179 g) in ethanol (5 ml) 

was treated with sodium periodate (0.321 g) in water (15 ml), and the solution was 
kept in the dark for 20 h at room temperature. Potassium borohydride (0.54 g) was 
added, and, after 12 h, the solution was neutralized by addition of carbon dioxide. 
Continuous extraction with ether, followed by evaporation of the extract, gave a syrup 
that was purified by elution from silica gel (0.25% of triethylamine in ethyl acetate). 
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Fig. 1. Periodate oxidations. A. Methyl 4,6-O-isopropylidene-a-D-glucoside (1) at pH 7. B. Methyl 
4,6-O-isopropylidene-a-D-ghxoside (1) at pH 4. C. Methyl 4,6-O-(1-phenylethylidene)dl-n-glucoside 
at pH 4. 

The product (0.176 g) showed a single spot in t.1.c. (10% of isopropyl alcohol in ethyl 

acetate). 

Ad. Calc. for C,,H,,O,: C, 60.4; H, 7.4. Found:C, 60.2; H, 7.5. 
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SUMMARY 

The dimethyl acetals derived from acetone, pinacolone, acetophenone, and 
benzophenone undergo acid-catalyzed acetal exchange with methyl a-D-glucopyrano- 
side. The major products are 4,6-acetals of the sugar; the minor products include 
methyl 2,3:4,6-di-O-isopropylidene-a-II-glucoside (using the acetone acetal), and 
isomeric methyl 2,3:4,6-di-U-(l-terf-butylethylidene)-a-r+glucosides (using the pinac- 
alone acetal). These compounds are all examples of a five-membered acetal ring fused 
tram to a pyranoid ring. Treatment of methyl a-D-glucopyranoside with benzophenone 
dimethyl acetal gives methyl 6-0-(methoxydiphenylmethyl)-~-II-glucopyranoside in 
addition to the 4,6-acetal. The 4,6-acetals derived from the four ketones exhibit a 
wide range of sensitivity to Hydrolysis by 75% (v/v) acetic acid. 
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SYNTHESIS OF a+IDOPYRAkOSYL, (a-L-IDOPYRANOSYLURONIC ACID), 
a-D-MANNOPYRANOSYL, AND (cc-D-MANNOPYRANOSYLURONIC ACID) 
PHOSPHATES’ 

P. PaRc-JIEMLID&+, T. OSAWA l **, E. A. DAVIDSON*, AND R. W. JaANLQz*t 

Department of Biochemistry, Duke iJniver&y, Durham, N.C. 27706, and Luboratory for Carbohydrate 
Research, Departments of Biological Chemistry and Medicine, Harvard Medical School at the Massa- 
chusetts General Hospital, Boston, Mass. 02114 (U.S.A.) 

(Received September 13th. 1966; in revised form, November 2nd, 1966) 

INTRODUCl-lON 

The linkage between the t-iduronic acid and the 2-amino-%deoxy-D-gakctose 
moieties of dermatan sulfate (chondroitin sulfate B) has been shown3*4 to be a-~- 

(1+3). A recent report by Jacobson and Davidson5 of the presence, in rabbit skin, 
of a dehydrogenase and an epimerase acting successively upon uridine 5-(a-D-gluco- 
pyranosyl dibydrogen pyrophosphate) to give, first, uridine 5-(a-D-glucopyranosy1- 
uranic acid dihydrogen pyrophosphate), and then uridine §-(&r_-idopyranosyluronic 
acid dihydrogen pyrophosphate), implies that the biosynthesis of dermatan sulfate 
proceeds with inversion. In order to study the biosynthesis of this polysaccharide, the 
preparation of various glycosyl phosphates possessing the t-ido configuration and the 
D--O configuration was investigated. 

Two procedures for the preparation of j?-L-idopyranosyl phosphate were in- 
vestigated. In the first, 2,3,4,6-tetra-O-ace@-a-L-idopyranosyl bromide was treated 
with silver diphenyl phosphate, or with diphenyl hydrogen phosphate in the presence 
of triethylamine; however, the products of the reaction did not contain derivatives of 
L-idosyl phosphate. In the second, penta-U-acetyl-a-r_.-idopyranose was treated with 

*The synthesis of L-idopyranosyl and (L-idopyranosyluronic acid) phosphates was performed in- 
dependently in both laboratories. Because of the similarity of our results, publication is made jointly. 
The study of D-mannopyranosyl and (D-mannopyranosyhuonic acid) phosphates was conducted at 
D&e University, and that of 2,3,4,6-tetra-U-acetyl-x-L-idopyranosyl bromide at Massachusetts 
General Hospital. This is publication No. 420 of the Robert W. Lovett Memorial Group for the Study 
of Crippling Diseases, Harvard Medical School at the Massachusetts General Hospital, Boston, 
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crystalline anhydrous phosphoric acid according to MacDonald’s, and the pro- 
duct was then deacetylated. a-r.-Idopyranosyl phosphate was isolated as its crystalline 
di(cyclohexylammonium) salt. Oxidation of the amorphous L-idopyranosyl phosphate 
afforded (a-L-idopyranosyluronic acid) phosphate, isolated as the crystalline di(cyclo- 
hexylammonium) salt. 

A similar sequence of reactions was conducted with penta-O-acetyl-a-D-manno- 
pyranose. 

RESULTS AND DISCUSSION 

The transformation of 1,2-0-isopropylidene-CX-eglucofuranose (1) into 1,2-0- 
isopropylidene+L-idopyranose (2) was accomplished either through the intermediate 
1,2-O-isopropylidene-5,6-di-O-p-tolylsulfonyl-cx-~-glucofuranose (3) according to 
Vargha’, or through the intermediate 6-0-benzoyl (4)s and 6-O-benzoylS-O-p- 
tolylsulfonyl (5) derivatives ‘*lo. Vargha’s procedure’ for the preparation of 3,5-di- 
O-acetyl-6-O-benzoyl-l,2-O-isopropylidene-~-L-idofuranose (6) from 5 was improved 
by replacement of the potassium acetate-acetic anhydride mixture by a suspension of 
dry Dowex-l(OAc-) in acetic anhydride. Alkaline treatment of 6, as described by 
Vargha’, afforded 2 (increase of the time of hydrolysis to 4 h improved the yield to 
85%). Hydrolysis of 2, followed by acetylation according to Stoffyn and Jeanloz4, 
gave 2,3,4-rri-0-acetyl-1,6-anhydro+L-idopyranose (7). Acetolysis of 7, under con- 
ditions similar to those used for the preparation of the D isomer”, led to the formation 
of crystalline penta-0-acetyl-a-L-idopyranose (8); the yield of this compound could be 
improved by anomerization of the product in the mother liquors. Assignment of the 
a-L configuration to 8 was made on the basis of the similarity of the numerical value 
(and opposite sign) of the optical rotation of 8 to that of the a-D isomer”. 

The n.m.r. spectrum of 8 confirmed the a-r_ configuration and established the 
confolmation as CA [C(aaaze)]12. The H-l signa appeared as a doublet’3-1s 
at T 3.87 with JlsZ 2.0 c.p.s., indicating an equatorial-equatorial coupling of the 
protons on C-l and C-2. Additional evidence for the CA conformation was obtained 
from the region of the acetoxy protons; two resonances appeared at relatively low 
field (r 7.88, 7.89), and one at higher field (r 7.93), with intensities in the approximate 
ratios of 3:l:l. The 6rst two resonances are indicative of 4 axial acetoxy groups (C-l, 

C-2, C-3, and C-4), whereas the last indicates 1 equatorial acetoxy group (C-6). 
Reaction of 8 with hydrobromic acid in glacial acetic acid gave crystalline 

2,3,4,6-tetra-0-acetyl-a+idopyranosyl bromide (9). Assignment of the a-L conf&ur- 
ation was based on the high, negative optical rotation, [a]g - 120”. This assignment 
is in agreement with the rule l6 of greater stability of the anomer having the halogen 
atom on C-l tran.s to the hydroxymethyl group on C-5. 

Reaction of 9 with silver acetate in dry benzene occurred with retention of 
cotiguration, since 8 was isolated, in accordance with Tipson’s tram rxlel’. In the 
presence of methanol and silver carbonate, however, 9 gave methyl 2,3,4,6-tetra-O- 
acetyI+L-idopyranoside (10)). Catalytic deacetylation of 10 gave methyl /I-L-idopyran- 
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oside. Although no ortho ester could be isolated in the reaction, the possibility of its 
formation in small proportion cannot be excluded, because of the tra relationship of 
the halogen atom to the acetoxy group. on C-2, and because of the strongly alkaline 
reagent (see Pacsu”); up to now, glycosides have only been obtained from acylated 
glycosyl halides having the halogen atom and the 2-acyloxy group irans when no acid 
acceptor was presentlg. In addition, the formation of 2,3,4,6-tetra-O-acetyl-L-ido- 
pyranose (11) was observed. 

1 

3 

4 

5 

R’ R” ,1,, 
R’ R” R”’ 7 

H H H 2H H H 

H TS Ts 6 AC AC BZ 

H H B2 

H TS -6~ 

41 
CMe2 

&,I 
CMe, 

12 

8 R=OAc ; R’=H 

9 .R=ar ; R’=H 
10 R=H ; R’=OC+ 
11 R,R’= H,OH 

13 

Condensation of 9with diphenyl hydrogen phosphate in the presence of triethyl- 

amine”‘, or with silver diphenyl phosphate 21 did not afford definite products, either , 

before or after alkaline hydrolysis *. Further work along this line was not pursued. 

Phosphorylation of the per&acetate 8, according to MacDonald’s procedure6, 
gave the amorphous lithium salt of L-idopyranosyl phosphate (12) in a yield of about 
55%. Conversion into the cyclohexylammonium salt resulted in crystalline di(cyclo- 
hexylammonium) a-L-idopyranosyl phosphate (13), but in a yield of only 60%. The 
a-L anomeric assignment for 13 ([aID - 32”) was based on a comparison with the 

*These experiments were performed by Dr. N. Baggett. 
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optical rotation of di(cyclohexylammonium) R- and /3-D-glucopyranosyl phosphate, 
([& + 64” and + 7O, respectively)**, of syrupy methyl a- and /3+idopyranoside 

(kalD - 98” and + 61”)23, and of 8, respectively. The n.m.r. spectrum of 13 also sup- 
ports an cz-L assignment. 

The phosphorylation ofpenta-U-acetyl-a-n-mannopyranose (14)24 was perfo-fm- 
ed in a manner similar to that used for the L-idose derivative, and gave the amor- 
phous lithium salt of cr-n-mannopyranosyl phosphate (15) in a yield of 50%. Its 
molecular rotation, Fr], +13,150, was in agreement with the reported value25, 
[Ml], + 13,300. 

Evidence that MacDonald’s procedure6 gives a mixture of anomers has been 
presented by 0’Brien26, who, starting from 2-acetamido-1,3,4,6-tetra-0-acetyl-2- 
deoxy-a-n-glucopyranose, isolated both anomers of 2-acetamido-2-deoxy-D-gluco- 
pyranosyl phosphate. The ratio of anomers isolated depends not only on the configura- 
tion of the starting material, but also on the relative acid-lability of the resulting prod- 
ucts. The greater acid-lability of the B-D-anomers results from the equatorial orienta- 
tion of the phosphate group, which is relatively unshielded and therefore more prone 
to attack*‘. 

Failure to obtain, from 12, crystalline di(cyclohexylammonium) a-L-idopyrano- 
syl phosphate (13) in a yield higher than 60% suggests that the phophorylation of 8 
gives both anomers of 12. Electrophoresis of the remaining mother liquor indicated 
that it contained mainly a hexosyl phosphate, probably /I-L-idopyranosyl phosphate. 
N.m.r. spectroscopy (see below) and oxidation of 12 (see below) provided evidence 
for the presence of the P-L anomer. 

The most likely explanation for the results of the various phosphorylation 
reactions is the formation of a carboxonium ion intermediate. The CA conformation 
of 8 permits ready neighboring-group participation, because of the tran.s-diaxial 
orientation of the acetoxy groups on C-2 and C-l. Anchimenc assistance (for example, 
by the Zacetoxy group) could give a carboxonium ion (16). A second displacement by 

14 

HO 

17 
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the incoming phosphate ion would then result in retention of cotiguration. The 
presence of the /I-L anomer, in addition to the Q-L anomer, in the reaction product 
may be explained by the instability of the CA conformation of 8, which results in an 
equilibrium of the CA [C(mae)] and CE [C(eeeeu)] conformations during phosphory- 
lation. In the latter conformation, the bonds to all secondary alcohol groups are 
equatorial, and the phosphorylation follows a course analogous to that postulated 
below for penta-U-acetyl+D-glycopyranoses. 

In the case of penta-0-acetyl+n-gluco-(and galacto-)pyranose6 and of 2- 
acetamido-l,3,4,6-tetra-O-acetyl-2-deoxy-B-Duco-(and galacto-)pyranose28, phos- 
phorylation with anhydrous phosphoric acid proceeded predominantly with inversion 
at the anomeric center. This result may be explained by postulating cleavage of the 
I-acetoxy group to yield a carboxonium ion intermediate which then reacts with the 
phosphate ion to give the thermodynamically more stable a-D-phosphate. A reaction 
of the Walden-inversion type may also be involved, wherein the departing acetate 
anion shields the anomeric carbon atom, thus favoring the formation of the a-D- 
glycosyl phosphate. 

The two mechanisms proposed would also explain the apparent course of 
phosphorylation of 2-acetarnido-l,3,4,6-tetra-O-acetyl-2-deoxy-a-D-glucopyranose26. 

The phosphorylation of 14 appeared to proceed exclusively with retention of 
configuration; this observation was substantiated by the results of n.m.r. spectroscopy 
(see below). As with 8, neighboring-group participation would result in ready dis- 
placement of the I-acetoxy group, with formation of an intermediate carboxonium 
ion. A second displacement by the incoming phosphate group would then lead to 
retention of confQuration. Since non-acidic conditions were observed during this 
reaction, as with the preparation of the r_-ido compound, it is unlikely that any 
significant amount of the 8-D anomer of 15 surviving the phosphorylation procedure 
would have escaped detection. These findings support the postulate that formation 
of j?-L-idopyranosyl phosphate resulted from the phosphorylation of 8 in the CE 
conformation. 

In order to study the configuration and conformation of 13, its n.m.r. spectrum 
was compared with that of other glycosyl phosphates of known configuration (see 
Table I)_ Appearance of the H-l signal as two doublets was found to be cha- 
racteristic of all anomericahy pure glycosyl phosphates studied, and was apparently 
due to additional splitting of the anomeric proton by phosphorus (see Fig. 1). Com- 
pound 13 showed J1 sz 3.5 c.p.s., instead of the anticipated 2 or 8 c.p.s. for the CA or 
CE conformation, respectively. This result may be due to existence of 13 in a chair- 
conformation equilibrium or in a non-chair conformation. The spectrum of 12 

showed three doublets in the region of the anomeric proton, and a greater area 
of the center doublet. These observations, as well as the p-p-m. values of the doublets 
compared to those of 13, suggest that 12 is an anomeric mixture. 

Equatorial-equatorial coupling between the C-l and C-2 protons of 14 was 
indicated by appearance of the H-l signal as a doublet at r 3.85 with J1 ,2 1.5 c.p.s. A 
similar observation was made by Lemieux and Stevens2’. Resonances in the region 
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of the acetoxy protons were observed at t 7.83, 7.91, 7.93, and 7.98, with intensities 
in the ratios 2: 1: 1: 1. The low-field value indicates an axial orientation of acetoxy groups 
(G 1 and C-2), whereas the other values indicate an equatorial orientation of 3 acetoxy 

TABLB I 

CEIEWCAL sHXF% @.P.m.)” AND COUPLING CONSTANTS @P.S.), IN DEUTEIUU M OXIDE, OF THE ANOMEmC 
PRorON OF Sohm HExOPYFtANOSYL PHOSPHATES 

Phosphate Attachment IT-la JI,@ &i-l, PC Confom- 
of the protons at ation 
C-I and C-2 

a-n-Glucopyranosyl e-a 6.03 
~3,4,6-Tetra-O-acetyl-~-D- 

glucopylanosyl~ a-a 
a-D-Galactopyranosyl e-a 6.03 
Ct-D-M~Op~~OSyl(l5) e-e 5.91 
a-r-Idopyranosyl (13) e-e and/or a-a 5.86 
“Crude?..-idopyranosyl (12) anomeric mixture 5.87,6.08 
2-Acetamido-2-daoxya_D- 

galactopyranosyl e-a 5.98 
(a-r+GlucopyranosyIuronic 

acid) e-a 6.01 
(a-D-Ma.lmopyranosyluronic 

acid) e-e 

3.0, 3.0 7.5, 7.5 CA 

10.5, 12.0 7.9 CA 
2.5, 3.0 7.5, 8.0 CA 
1.5, 1.5 8.5, 8.5 CA 
3.75, 3.50 7.5, 7.5 CA%XE 
2.5, 3.5, 3.5 7.5, 8.5, 7.5, 7.5 

3.0, 3.0 7.5, 7.5 CA 

3.0, 3.0 7.5, 8.0 CA 

1.5, 1.5 8.5, 8.5 CA 

When&al shift values are given in parts per million @.p.m.) measured from the resonance value of an 
external, tetramethylsilane standard to the center of the doublets for the anomeric proton. 
@Ihe Grst value refers to the downfield doublet_ 
CDlstance between &st peak of each doublet and second peak of each doublet, respectiveIy. 
dThls sample (non-crystalline) was measured in CDCls. 

groups (G3, C-4, and C-6). The J, ,z value of 1.5 c.p.s. for both doublets of CL-D- 

mannopyranosyl phosphate (15j (see Table I) indicates an equatorial orientation of 
the protons on C-l and C-2, and supports an CL-D configuration. 

Oxidation of the amorphous lithium salt of 12 was performed in the presence 
of Adams or platinum-on-carbon catalysts30. Essentially the same results were ob- 

Fig. 1. Nuclear magnetic resonance spectra (partial, in the region of the anomeric proton) at 60 Mc.p.s. 
of a-n-mannopyranosyl phosphate (A), (a-D-gkopyranosyhtronic acid) phosphate (B), 2,3,4,6-tetra- 
O-acetyl-/3-n-glucopyraranosyl phosphate (C), and a-L-idopyranosyl phosphate (D). Spectra A, B. 
and D were observed in DsO, and spectrum C in CDCla. Each division of the scale represents 5 c-p-s. 
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served either in the presence or absence of potassium carbonate. Although 12 under- 

went very rapid oxidation at C-6, with resulting formation of uranic acid, keto sugar 

formation was the principal course of the reaction. After the platinum-on-carbon 

oxidation, (L-idopyranosyhuonic acid) phosphate (17) was isolated (in a yield of 25%) 

as the amorphous lithium salt; this was transformed into the amorphous barium and 

cyclohexylammonium salts. From the latter, the crystalline a-D anomer was obtained 

as the di(cyclohexylammonium) salt (18). The mother liquor from this crystallization 

contained about half of the total material, gave a positive test for (glycosyluronic acid) 

phosphate, and showed a specific optical rotation of approximately + 13”. The pres- 

ence of (glycosyluronic acid) phosphate in the mother liquors was also shown by 

electrophoresis. These observations suggest the presence of (/3-r_-idopyranosyluronic 

acid) phosphate, resulting from the presence of both anomeric forms in the crude 

starting-material. 

The anomeric assignment made for the crystalline di(cyclohexylammonium) 

salt (18) was, in part, based on the observation that its optical rotation (- 16”) bore 

the same sign and was of the same order of magnitude as the optical rotation of 

crystalline 13 (- 32"). In addition, the mother liquor, which apparently contained 

mainly the other anomer, had a positive rotation. 

Oxidation of a-D-mannopyranosyl phosphate (15) in the presence of platinum- 

on-carbon catalyst, in a manner similar to that applied to L-idopyranosyl phosphate, 

gave (a-D-mannopyranosyluronic acid) phosphate (19) in a yield of 25%. 

Formation of the keto groups resulting from the oxidation of axially attached, 

secondary hydroxyl groups was observed in the oxidation of both 12 and 15. The 

results of the catalytic oxidation of the closely related muco-inosito13’ and benzyl 

a-D-xylopyranoside3 ’ suggested that the hydroxyl group in 12 most likely to be oxi- 
dized is that located on C-4. It is of interest that, although the keto compound was 

degraded, probably by carbon-carbon cleavage, the level of uranic acid remained 

constant throughout the oxidation. The isolation of 18 suggests the presence of a CE 

conformation, as a CA conformation would favor formation of ketose, with subse- 

quent carbon-carbon cleavage. It is possible, however, that formation of the carboxyl 

group precludes further oxidation. 

EXPERIMENTAL 

General 
Melting points were taken on a hot stage and correspond to “corrected meiting 

point”. Specific rotations were determined with a Rudolph photoelectric polarimeter, 

Model 200, or with a Cary Model 60 spectropolarimeter, at the wavelength of the 

sodium D line. 

The chloroform used was A. R. grade and contained approximately 0.75 % of 
ethanol. Infrared spectra were recorded for potassium bromide discs with a Perkin- 

Elmer spectrophotometer Model 237. Chromatography was performed on “Silica 

Gel Davison”, from the Davison Co., Baltimore, Maryland 21201 (grade 950, 60- 
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200 mesh), which was used without pretreatment. When deactivation by contact with 
moist air occurred, reactivation was conducted by heating to 17@200” (manufacturer’s 
instructions). The sequence of eluents was hexane, benzene (or 1,2dichloroethane), 
ether, ethyl acetate, acetone, and methanol, individually or in binary mixtures. The 
ratio of weight of substance to weight of absorbent was 1:50-100. The ratio of weight 
of substance (in g) to volume of fraction of eluent (in ml) was 1:lOO. The ratio of 
diameter to length of the column was 1:20. Evaporations were conducted in zmcuo, 
with the bath temperature below 45”. Volumes of volatile solvent smaller than 20 ml 
were evaporated under a stream of dry nitrogen. 

Hexoses, uranic acids, and ketoses were determined by the anthrone32, carba- 
zole33 (or orcino134), and a-phenylenediamine35 methods, respectively. In the study of 
the oxidation, values obtained by the carbazole method were corrected for the L-ido- 
pyranosyl phosphate present, and the values obtained by the a-phenylenediamine 
method were corrected for both the L-idopyranosyl phosphate and the r_-iduronic 
acid present; a hydrolyzate of 1,2-O-isopropylidene-/?-~-idofuranurono-6,3-lactone 
was used as the standard for r_-iduronlc acid. 

Spots on paper chromatograms were revealed by the silver nitrate dip proce- 
dure36, the Hanes-Isherwood spray reagent 37, the o-phenylenediamine dihydrochlor- 
ide spray test3’, and the hydroxamate test38, as means of detecting reducing sugars, 
inorganic and organic phosphate, ketoses, and lactones, respectively. 

Electrophoresis of 50-200 ,ug of material was performed on SchIeicher and 
Schuell No. 598 paper strips (2.5 x 18.5 in) in 0.0% sodium barbiturate buffer (pH 
10.0) at 650 volts for 2 h. The eiectrophoretograms were dried at 85” before reveIation 
of the spots. 

The n.m.r. spectra of the acetylated glycopyranoses were determined by Mr. 
R. Pitcher, Varian Associates, Inc., Pittsburgh, Pa., with a Varian HR-100 n.m.r. 
spectrometer, on 15-20% solutions in deuterochloroform containing 2% of tetra- 
methylsilane (r 10.00) as the internal standard. The n.m.r. spectra of the glycopyran- 
osyl phosphates were determined by Mr. S. Justice, of the Research Triangle Institute, 
Durham, N. C., with a Varian A-60 n.m.r. spectrometer, on 15-20x solutions in 
deuterium oxide. The solutions were prepared after lyophilization of the materials 
from a solution in deuterium oxide. An external, capillary tube containing tetra- 
methylsilane (0.00 p.p.m.) was used as the reference standard. 

The microanalyses were performed by Galbraith Analytical Laboratories, 
Knoxville, Tennessee, by Dr. M. Manser, Zurich, Switzerland, and by Dr. L. Nagy, 
Cambridge, Massachusetts. 

3,5-Di-O-acetyI-6-O-be~oyl-I,2-O-isopropylidene-8_L-idofuranose (6). - Dry 
Dowex-1 X-10(CH3C00-)ion-exchange resin (200-400 mesh, 700 g), was gradually 
added, with constant stirring, to acetic anhydride (1.5 1). After the mixture had been 
cooled, 48 g of 5”l” was added in small portions to the stirred mixture, the mixture was 
refiux.ed for 20 h and filtered hot, and the resin washed with acetic anhydride (300 ml). 
Peak positions were read directly from precalibrated Varian chart paper. All spectra 
were determined at 35-40”. After evaporation of the filtrate, the residual syrup was 
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through a pad of Celite, the solution was evaporated to dryness. The residue was 
dissolved in benzene and chromatographed on silica gel. Benzene-ether (2~1) eluted 
crystalline fractions (72 mg) which gave, after recrystallization from l,Zdichloro- 
ethane-hexane, 30 mg (27%) of methyl 2,3,4,6-tetra-O-acetyl+L-idopyranoside (lo), 

m.p. 116-l 17”, [or]L6 + 42” (c 0.95, chloroform). 
Anal. Calc. for C15H2201,,: C, 49.72; H, 6.12; CH,CO, 65.19. Found: C, 49.62; 

H, 6.13; CH,CO, 66.70. 
A sample was deacetylated with sodium methoxide in methanol. After removal 

of the sodium ions with Dowex-50, the sample was chromatographed on Whatman 
paper No. 1 (reference compounds, methyl a-r;idopyranoside and methyl /I-L- 
idopyranoside, prepared from the crystalline 4,6-O-benzylidene derivativesz3). After 
development with 3:l:l terl-pentyl alcohol-isopropyl alcohol-water and with butyl 
alcohol saturated with 1% ammonia, the spot of deacetylated 9 had the same RF as 
the spot of methyl p-r_.-idopyranoside. 

Elution with 1:l benzene-ether gave 38 mg of crystalline material which was 
recrystallized from 1,2-dichloroethane-hexane to give 34 mg (30%) of product, m.p. 
125-127”, [c~]“D3 - 2” (c 0.32, methanol). The elementary analysis corresponded to 
that for a tetra-O-acetylhexose. A solution of this product in p-dioxane reduced an 
alkaline solution of iodine. The infrared spectrum exhibited absorption maxima 
at 3460, 1745, 1435, 1380, 1270, 1225, 1150,1115, 1055,950,915, and 835 cm-l. 

Anal. Calc. for C14H,,0,,: C, 48.28; H, 5.79. Found: C, 48.37; H, 5.25. 
cc-L-Hopyranosyl phosphate (13). - Finely powdered 8 (500 mg) was placed in 

the top section of a Thunberg tube equipped with a side arm, and powdered, anhydrous 
phosphoric acid (600 mg) was placed in the bottom section. After the tube and its 
contents had been thoroughly dried in vacua over magnesium perchlorate for 3 days, 
the side arm was connected to a vacuum pump and the contents of the lower section 
were heated at 60”. After the phosphoric acid had melted, the two substances were 
mixed, and the reaction was allowed to proceed for 2 h; vigorous evolution of gases 
occurred. The melt was dissolved in purified tetrahycirofuran (3 ml), and the solution 
was added to ice-cold N lithium hydroxide (30 ml). The solution was kept for 18 h 
at room temperature and then for 2 h at 0”. Lithium phosphate was removed by 
centrifugation, and the supernatant liquor was freed of lithium ions by passage 
through a column (2.2 x 15 cm) of Dowex-50 X-10 (Cl-) (200-400 mesh). The acidic 
portion of the eluate was collected in cyclohexylamine (1.1 ml), and the resulting 
solution was chromatographed on a column (2.2 x 20 cm) of Dowex-1 X-10 (Cl-) 
(200-400 mesh). The column was washed with water until the effluent gave a negative 
anthrone test. Subsequently, the column was eluted with 0.05~ lithium chloride in 
0.003~ hydrochloric acid. The fractions giving a positive anthrone reaction were 
combined, the pH was adjusted to 8.0 with 0.1~ lithium hydroxide, and the solution 
was lyophilized. After the material had been thoroughly dried in vacua over magnesium 
perchlorate, the lithium chloride was removed by dissolution in abs. methanol (1 ml) 
and precipitation with dry acetone (10 ml) to give 200 mg (55x), [a]g- 27.5” (c 1, 
water). 
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Anal. Calc. for CsH,rLi20,P - 0.5 H,O: C, 25.62; H, 4.30; P, 11.02. Found: 

C, 25.81; H, 4.30; P, 10.25. 

The presence of traces of inorganic phosphate was shown by chromatography 

on Whatman No. 1 paper with 7:1:2 isopropyl alcohol-ammonia-water3g, and by 

calorimetric analysis40. 

Conversion of the lithium salt (75 mg) into the barium form was accomplished 

by dissolution in water (8 ml) and addition of cont. ammonia to alkalinity, followed 
by the addition of magnesium acetate (50 mg). After filtration, the solution was passed 

through a column of Dowex-50 (H+). Dilute barium hydroxide solution was added to 

the effluent until it was alkaline, and the solution was concentrated to 10 ml. After 

addition of ethanol (30 ml), the solution was kept for 2 days in a refrigerator, and then 

centrifuged. The insoluble material was dissoIved in water (10 ml), the solution 

was centrifuged, ethanol (20 ml) was added to the supernatant liquor, and the sus- 

pension was centrifuged. This procedure was repeated 3 times, to give 48 mg of amor- 

phous powder, [a]kz - 15.6” (c 0.32, water). 

Anal. Calc. for CsHI,BaOgP: C, 18.22; H, 2.84; P, 7.83. Found: C, 18.10; 

H, 2.89; P, 7.44. 

Calorimetric determination by the anthrone method gave an idose content of 
47.1% (talc. 45.6x), crystalline 2,3,4-tri-0-acetyl-1,6-anhydro+L-idopyranose being 

used as the standard. 

Conversion into the cyclohexylammonium salt was accomplished by passing 

an aqueous solution of the lithium sait through Dowex-50 W-X8 (cyclohexylammo- 

nium+, 200-400 mesh). (The resin had been prepared by percolating the H* form with 

a 20% solution of cyclohexylamine in water, and then with distilled water.) Absence 

of lithium ions was verified by a negative flame-test. The effluent was lyophilized, and 

the residue was dried by additions of ethanol, followed by evaporation. The material 

was then dissolved in the minimum volume of water, and abs. ethanol was gradually 

added to turbidity. After 24 h in the cold, the crystalline di(cyclohexylammonium) 

salt 13 was obtained in a yield of 50-60% (relative to the amount of lithium salt taken), 

m-p. 145150”, [a]i5 - 32” (c 0.41, water). 

Anal. Calc. for C,sH3gN20s,P: C, 47.16; H, 8.50; P, 6.70. Found: C, 46.71; 

H, 8.41; P, 5.84. 

Electrophoresis of the mother liquor showed a major component, an idopyran- 
osyl phosphate, contaminated with a small proportion of inorganic phosphate. 

Free L-idcp;:anosyl phosphate was also prepared, care being taken to avoid 
acidic conditiors that might cause hydrolysis of this phosphate. Thus, after hydrolysis 

of the acetate groups with N lithium hydroxide and removal of the precipitated 

lithium phosphate, the solution was passed through a column of Dowex-50 in the 

cyclohexylamm~mium form. Chromatography of the anthrone-positive effluent was 

performed on :i column of Dowex-1. Water, and then 0.05N and 0.075~ lithium 
chloride, elute& free hexose, inorganic phosphate, and hexopyranosyl phosphate, 
respectively. R,:moval of the lithium chloride followed the procedure previously 
described. The chloride-free L-idopyranosyl phosphate was dissolved in water, and 
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the solution was filtered and lyophilized. The residue was dried over magnesium 
perchlorate in a desiccator; [a]‘,’ - 30.5” (c 2, water). The yield of crystalline di(cyclo- 
hexylammonium) salt from this sample was essentially identical to that reported 
above. 

a-r)-Mannopyranosyi phosphate (15). - Reaction of penta-0-acetyl-a-o- 
mannopyranose24 with phosphoric acid was performed under conditions similar to 
those described for penta-0-acetyl-a-L-idopyranose. The product was isolated under 
non-acidic conditions, as described for the idose derivative, and an amorphous pro- 
duct in a yield of ca. 50% was obtained. Electrophoresis revealed only traces of inor- 
ganic phosphate. The material was hygroscopic; it was dried for 12 h at 110-120” 
in vacua ; [a]*2 C 46.3” (c 1, water). Posternak and Rosselet25 reported [a]‘,’ + 33.7” 
(c, 3.01, water) for the anhydrous barium salt. 

Anal. Calc. for C,H,,LiO, - H,O: C, 25.37; H, 4.97. Found:C,26.0l;H, 5.05. 

(a-L-Idopyranosyluronic acid) phosphate (18). - Preliminary experiments on 
the oxidation of 12 in the presence of platinum black showed a rapid disappearance of 
anthrone-positive material, and the rapid appearance of carbazole-positive material 
(uranic acids) and of o-phenylenediamine-positive material (ketoses). The formation 
of uranic acid reached a plateau at about lOok, whereas the ketoses slowly disappeared. 
These results were confn-med by chromatography on Whatman No. 1 paper with the 
solvent system 10:6:0.16 isobutyric acid-N ammonia-O.1~ ethylenedinitrilotetra- 
acetic acid. 

The lithium salt of L-idopyranosyl phosphate (12) (240 mg) was dissolved in 
water (32 ml), the reaction vessel was immersed in a constant-temperature bath at 
50”, and air-dried platinum-on-carbon catalyst (725 mg) was added. Oxygen was 
introduced in a stream below the surface of the solution at a rate sufficient to keep the 
catalyst well suspended. The course of the reaction was followed by the anthrone 
method; the oxidation was complete after 12 h. After the catalyst had been filtered 
off, the pH of the filtrate was adjusted to 9-10 with dilute lithium hydroxide, and the 
sohrtion was lyophilized. The residue was dissolved in water (5-6 ml), and the solution 
passed through a Dowex-50 AG 5OW-X8 (cyclohexyIammonium+) (2 x 15 cm, 
200400 mesh), column. Orcinol-positive material was collected, and passed through a 
Dowex-I AG l-X8, (Cl-)(2 x 20 cm, 200-400 mesh), column. The column was washed 
with water until all anthrone-positive material had been removed. Elution with 0.075~ 
lithium chloride gave a small peak that was positive to the anthrone and phosphate 
tests and negative to the orcinol test, correponding to starting material. Elution with 
0.1~ lithium chloride gave a small peak, which was positive to the o-phenylenediamine 
test, and probably corresponded to a keto sugar. Elution with 0.2~ lithium chloride 
gave a large peak which was negative to the anthrone test and positive to the orcinol 

and phosphate tests. After the pH of the ef3Juent containing the last peak had been 
adjusted with dilute lithium hydroxide to approximately 9, the solution was lyophilized, 
and then evaporated to complete dryness in vacua over magnesium perchlorate. 
Lithium chloride was removed as previously described. Paper electrophoresis of the 
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then deacetylated, to give an anomeric mixture of L-idopyranosyl phosphates from 
which the CL-L anomer was crystallized as the di(cyclohexylammonium) salt. The same 
method, applied to penta-O-acetyl-a-n-mannopyranose, produced only a-D-manno- 
pyranosyl phosphate. The conformation of the starting material and of the reaction 
intermediates, as well as the presence of both anomers of L-idopyranosyl phosphate, 
were established by n.m.r. spectroscopy. A reaction mechanism for the phosphoryl- 
ation is presented. This mechanism is based primarily on the relative orientation of 
substituents at C-l and C-2. 

Oxidation of the amorphous L-idopyranosyl phosphate and of a-D-manno- 
pyranosyl phosphate, when platinum-on-carbon or platinum black was used as the 
catalyst, gave (in low yield) an anomeric mixture of (L-idopyranosyluronic acid) 
phosphates (from which the CC-L anomer was isolated as its crystalline cyclohexyl- 
ammonium salt) and (M-D-mannopyranosyluronic acid) phosphate, respectively. 
Ketose formation was observed in both cases, and must be due to the oxidation of 
axially attached, secondary hydroxyl groups. 

Attempts to prepare L-idopyranosyl phosphate from 2,3,4,6-tetra-O-acetyl-a- 
L-idopyranosyl bromide were unsuccessful. Reaction of the bromide with silver 
acetate gave penta-O-acetyl-a-L-idopyranose, whereas treatment with methanol in the 
presence of silver carbonate gave methyl 2,3,4,6-tetra-O-acetyl-/l-L-idopyranoside. 
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Kaplan and Meyer’ have reported that the concentration of keratan sulfate 
in human costal cartilage varies with age. Similar variations with age have been 
reported for cartilage of chicken, dogfish, and squid2. It has been claimed that keratan 
sulfate is absent in newborn human costal cartilage; it has been found, however, in 
embryonic chick vertebral cartilage2. 

Various degrees of sulfation have been noted for most acidmucopolysaccharides, 
Meyer et aL3 found that the chondroitin sulfate fractions from bovine comeal stroma 
ranged in degree of sulfation from approximately 0.2 to 1.0 molar equivalents per 
repeatig disaccharide unit. Keratan sulfate containing more than 1 mole equivalent 
of sulfate per disaccharide repeating unit has been isoiated from shark4B5 and human 
carrage6, and keratan sulfate fractions containing slightly less, as well as containing 
more, than one mole equivalent of sulfate per disaccharide repeating unit were isolated 
from bovine comeal stroma’. 

The present study describes the distribution of sulfate content of keratan 
sulfate fractions isolated from various adult and embryonic mammalian tissues. 

EXPERlMENl-AL 

Methods and materials. - Methods for the determination of uranic acid, 
hexosamine, carbohydrate, nitrogen, 6-deoxyhexose, and total sulfate have been 
described previously6. Sialic acid was determined by the method of Svennerhohn’. 

Hydrolyzates were prepared by heating keratan sulfate preparations in N 
HCl for 3 h and deacidiifying the solutions with Dowex-3 (CO,‘-). 

Paper chromatography was performed in 2-methyl-2-butanol-2-propanol-wa- 
ter (41:lS) for 36-48 h. Visualization of spots was obtained by staining with a silver 
nitrate reagentg. 

Electrophoresis of keratan sulfate fractions was conducted in 0.1~ pyridine- 
formate buffer, pH 3.0, at 8 volts/cm, for 1.0-1.5 h, using Sepraphore III as support 

*This work was supported by the National Institute of Arthritis and Metabolic Diseases, National 
Institutes of Health, U. S. Public Health Service (Grant NO. AM-05596) and by grants from The 
NatioI;al Foundation, and the Chicago Heart Association. 
**Present address: Department of Pathology, Stanford University School of Medicine. 
*Deceased. 
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medium. Visualization of substances was accomplished by spraying the strips with 1% 
acridine orange solution. 

G-1-c. was performed on an F & M Model 400 Biomedical Gas Chromatograph. 
Deacidilied hydrolyzate samples were converted into the trimethylsilyl derivatives and 
chromatog.raphed on a 4-ft column containing 2.5% SE-30 (obtained from F & M 
Scientific Co., Avondale, Pa.). 

The Technicon amino acid autoanalyzer was used for the determination of 2- 
amino-2-deoxygalactose in hydrolyzates prepared by heating samples with 6~ HCI 
for 20 h, and removing the acid by evaporation in vacua. 

Animal tissues were obtained from a local slaughter house and kept frozen 
until used. Bovine nasal septa were obtained from 2-year old animals slaughtered for 
market. Human intervertebral tissues, kindly provided by Dr. H. Fahmi, University 
of Vancouver, Vancouver, B.C. and Dr. S. Glagov, Department of Pathology, Uni- 
versity of Chicago, were obtained at autopsy and were kept frozen untilused. Cross- 
contamination of annulus and cartilage was avoided by excluding tissue from the 
region in which these are joined. 

Isolation of mucopolysaccharides. - Freshly excised tissues were defatted and 
dehydrated by passage through several changes of acetone. The dried tissues were cut 
into small pieces and to each gram of tissue was added 0.15~ acetate buffer, pH 5.0 
(10 ml), 0.45~ NaCl (5 ml), cysteine hydrochloride (0.3 mg), Versene (0.6 mg) and 
papain (twice crystallized) (2 mg). Digestion was carried out for 8-12 h at 55-60”. 
After dialysis overnight against tap water, the digest was centrifuged, and the sedi- 
ment was discarded. Ethanol (one-fourth the volume) and acid-washed Norit (ap- 
proximately 0.5 g per g of tissue) were added to the supernatant fractions. After being 
stirred for several min, the mixture was centrifuged, and the polysaccharide adsorbed 
to charcoal was eluted by stirring for 0.5 h at 2” with 30% ethanol containing 0.5% 
NJ&OH. Acid-washed Norit appeared to have a stronger affinity for keratan sulfate 
than for other acid mucopolysaccharides present in the extracts, and elution with 
ethanol-ammonia was required for complete recovery of the polysaccharide. When 
peptization of fcharcoal occurred, the ethanol and ammonia were removed in vacua. 
The pH of the cont. solution was adjusted to 3-4 with acetic acid, and the solution was 
kept at room temperature for several h. A clear supematant solution could then be 
obtained by centrifugation or filtration through Celite. The clarified solutions were 
applied to Dowex-1 X2, Cl’ (2m mesh) coIumns for fractionation” with 

graded concentrations of NaCl, a8 indicated in Tables I and II. 
Preparationsyof acid mucopolysaccharides from extracts of bovine nasal septa 

differed from others in that chondroitin sulfate was removed by precipitation with 
1.25 vol. of ethanol prior to resin-column chromatography”. Such extracts were 
kindly furnished by Dr. Lennart Rod&. 

RESULTS 

Properties of the keratan surfate fractions. - Although some color was prod- 
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TABLE I 

KERATAN SULFATE FRACZIONS ISOLATED FROM ADULT HUMAN INIERVFXTEBRAL TISSUES AFKER COLUMN 

CHROMATOGRAPHY ON DOWEX-1 

Tissu@ iVaCI Molar ralio of siIfate Keratan surfate (“AC 

molarity to hexosamine 

Nucleus pulposus, normal 

Annuhrs, normal 

Intervertebral certiIage, normal 

Nucleus pulposus, degenerate 

AnnuIus, degenerate 

2.0 
3.0 
4.0 
2.0 
3.0 
4.0 
2.0 
3.0 
4.0 
2.0 
3.0 
4.0 
2.0 
3.0 
4.0 

t-1* 
1.21 
1.60 

(-)* 
I.16 
1.45 
(-)b 
1.14 
I.43 
(-_)a 
1.28 

::; 

1.11 
1.52 

25 
65 
10 
15 
70 
15 
25 
55 
20 
15 
50 
35 
20 
70 
10 

=Normal tissues were isolated from pooled autopsy material obtained from subjects ranging in age 
from 20-65 years. Degenerate tissues were obtained as pooled material from patients aged 39 and 
63 years. *Sulfate content not determined, since these fractions represent mixtures containingapproxi- 
mately equal amounts of keratan sulfate and chondroitin sulfate. CRecoveriw are estimated to the 
nearest 5% and are based on hexosamine content. Keratan sulfate content of the mixture fractions 
were based on the 2-amino-2-deoxyghrcose and galactose concentrations. 

uced by the keratan sulfate fractions with the carbazole reagent12, the spectra were not 
characteristic of uranic acid. Analyses performed with the Technicon amino acid 
autoanalyzer indicated that all preparations examined, except those from cornea1 
stroma, contained approximately 10% of the total hexosamine as 2-amino-2-deoxy- 
galactose. This is in accordance with previous finding&‘. The proportions of sialic acid 
and Gdeoxyhexose were found to be variabie, ranging from 0% in cornea1 stroma 
preparations to 3 or 4% in preparations from other tissues. Paper chromatography of 
hydrolyzates of keratan sulfate from intervertebral tissues showed galactose and 2- 
amino-2-deoxyglucose as principal components, along with much smaller amounts of 
material moving at a speed similar to those of fucose and mannose. Further evidence 
for the presence of these constituents was obtained by gas chromatography. 

On the basis of nitrogen analyses, preparations from cornea1 stroma were pro- 
tein-free, whereas preparations from other tissues contained 6-8 “/, of protein. These 
results agreed with amino acid analyses previously reported6. The values of the optical 
rotations ranged from [CL&, - 9” to + 8”, the rotations of the preparations from cornea1 
stroma generally being positive, and the rotations of the preparations from interverte- 
bral tissues or cartilage being more negative. Infrared spectra of several of the samples 
were similar to those reported for keratan sulfate’3. 
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TABLE II 

KFXATAN SULFATE FRACTTONS ISOLATED FROM BOVINE TISSUES AFTER COLUMN CHROMATOGRAPHY ON 
DOWJZ-1 

Tissue NaCZ Molar ratio of sulfate Keratan sulfate (%) b 
molarity to hexosamine 

Adult 
Comeal stroma 

Nucleus pulposus 

Nasal septum cartilage 

2.0 
3.0 
4.0 
2.0 
3.0 
4.0 
1.0 
1.5 
2.0 
3.0 
4.0 

Embryo&S 
AEnulus 

Nucleus pulposus 

2.0 
3.0 
4.0 
2.0 
3.0 
4.0 

0.90 40 
1.17 55 
1.22 5 

(-1’ 10 
1.14 50 
1.43 40 
0.46 10 
0.72 40 
0.90 30 
0.97 10 
1.09 10 

w 15 
1.30 70 
1.42 15 
(-1’ 20 
1.30 60 
1.51 20 

aTissues obtained from an embryo 72 cm long. 
bRecoverics estimated as indicated in Table 1. 
CMixtures containing both keratan sulfate and chondroitin sulfate as described in Table I. 

Chromatography of extracts on Dowex-1 columns gave the following results: 
(1) the fractions eluted with 1.0 and 1.5~ N2Cl contained only chondroitin sulfate, 
except for preparations from nasal septum cartilage that had been previously frac- 
tionated, (2) the fractions eluted with 2.0~ NaCl were mixtures of chondroitin sulfate 
and keratan sulfate, except those from cornea1 stroma and nasal septum cartilage 
which contained only keratan sulfate, and (3) the fractions eluted with 3.0 and 4.0~ 
NaCl consisted only of keratan sulfate. Keratan sulfate fractions, which were eluted 
by the various salt concentrations, did not differ in composition, except for sulfate 
content. The electrophoretic mobility of the preparations was proportional to the 
sulfate content. 

Keratan sulfate from human tissues. - Table I presents the results of the 
fractionation of extracts prepared from various portions of human intervertebral discs. 
Fractions, that containedglycoprotein or chondroitin sulfate and were eluted with NaCl 
at concentrations up to 1.5~ are not included. Keratan sulfate was present in fractions 
eluted by 2.0, 3.0, and 4.0~ NaCl. The fractions eluted by 2M NaCl contained in all 
instances approximately equal amounts of chondroitin sulfate and keratan sulfate. 
The fractions eluted by 3M NaCl contained the major fraction of the keratan sulfate 
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present in each tissue, and appeared to be slightly over-sulfated*. The fractions eluted 
by 4~ NaCl contained generally only 10 to 20% of the total keratan sulfate, except 
for a fraction from degenerate nucleus pulposus which comprised 35% of the total. 
These preparations possessed high sulfate contents, ranging from 1.43 to 1.60 molar 
equivalents per equivalent of hexosamine, and no Werence in degree of sulfation was 
noted for the degenerate tissues as compared to normal tissues. It is of interest that 
intervertebral cartilage showed much the same mucopolysacccharide composition 
as the other portions of the intervertebral disc. 

Keratan sulfate from bovine tissues. - Fractions from adult and embryonic 
bovine tissues sho-ived variations in sulfate content similar to those found in human 
intervertebral preparations. Table II indicates that the fractions, eluted by 2M salt 
from both embryonic and adult bovine intervertebral tissues, were similar to those 
from human sources and contained both chondroitin sulfate and keratan sulfate. 

In the case of bovine comeal stroma, aU of the chondroitin sulfate appeared in 
the fractions eluted with 0 to 2.0~ NaCl. Accordingly, the fraction eluted by 2.0~ 
salt contained predominantly keratan sulfate having a relatively low sulfate con- 
tent. The lack of fractions from bovine nasal septum showing a sign&ant content of 
chondroitin sulfate is due to the precipitation with ethanol, of the chondroitin sulfate 
present in the extracts before fractionation on Dowex. It is of interest that relatively 
large amounts of keratan sulfate were eluted from Dowex-1 with concentrations of 
salt up to 1.5~. This difference in elution patterns is consistent with the observation 
that sulfate contents of the nasal cartilage samples are generally lower. 

Another interesting property shown by certain keratan sulfate fractions has been 
reported by Antonopoulos et al. 14- they observed the tendency of cetylpyridinium , 
complexes of keratan sulfate to redissolve on addition of excess cetylpyridinium 
chloride. This phenomenon was observed with the under-sulfated keratan sulfate 
fractions from nasal cartilage and cornea1 stroma eluted with salt concentrations up 
to 2~ from Dowex-1 columns (Table II). In contrast, the fractions eluted with 3M 
and 4M NaCl formed, with cetylpyridinium chloride, complexes which showed little 
tendency to redissolve, even in a large excess of precipitating reagent. 

In view of the presence of low-sulfated keratan sulfate in bovine corneal stroma 
and bovine nasal septa, such material was sought in the fractions obtained from bo- 
vinenucleuspulposusand eluted with 2~ salt. When mixtures were rechromatographed 
on Dowex-1, no substantial separation of chondroitin sulfate and keratan sulfate was 
achieved. However, when these mixtures were first treated with 0.5~ NaOH for 4 h 
at room temperature, the results presented in Table III were obtained. Although the 
mixture was not completely resolved, a large proportion of the total keratan sulfate 
was eluted by 3.0~ NaCl. This fraction showed a sulfate content similar to that of the 
fraction obtained in the original fractionation by elution with 3.0~ salt. 

Keratan szdfate content of embryonic bovine tissues. - Table IV illustrates the 

*The termS over- and under-sulfated are used to denote in keratan sulfate, a content of Sulfate 
groups, larger or smaller, than one mole of sulfate per disaccharide repeating unit. 
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keratan sulfate and total acid mucopolysaccharide contents in several tissues of 
bovine embryos. An increase in keratan sulfate of nucleus pulposus is apparent 
during embryonic development, the concentrations ranging from approximately 4% of 
the total acid mucopolysaccharides in 27-cm embryo to 15% in an embryo of 72-cm 
length. Results from annulus and intervertebral cartilage are shown only for the larger- 
size embryo, since the dissection of these tissues from the smaller embryo was not 
feasible. The annulus contained somewhat less keratan sulfate than was isolated from 
the nucleus pulposus, in agreement with the findings for human tissue (Table II). 

One interesting finding is that keratan sulfate occurred in appreciable amounts 
in bovine embryonic intervertebral cartilage and represented 4% of the total acid 
mucopolysaccharide content. In contrast, cartilage of spinal processes or ribs con- 
tained 1% or less of keratan sulfate. The keratan sulfate produced in the embryonic 
intervertebral tissues could be resolved into several fractions having various sulfate 
contents similar to those from adult tissues (Table I&The totalacid mucopolysacchar- 
ide contents of the more developed bovine embryonic intervertebral tissues were 
similar to those of adult human tissues, but the latter ones contained relatively more 
keratan sulfate. 

DISCUSSION 

Fractionation of various tissue extracts on Dowex-1, by the procedure described 
by Schiller et &.lo for the separation of acid mucopolysaccharides, gave keratan 
sulfate fractions showing sulfate to hexosamine ratios ranging from approximately 0.5 
to 1.6 (Tables I and II). All tissues examined, both from embryonic and adult mamma- 
liansources, yielded keratan sulfate preparations with some degree of over-sulfation. The 
most highly sulfated keratan sulfate preparations were obtained from intervertebral 

TABLE III 

FRACTIONA-ilON ON DO‘WM-1 OF KERATAN SULFATE-CHONDROlTXN SILFATE MIXTURE FROM NUCLEUS 

PULPOSUS AFrERALx.4LrNETRE%- 

NaCi mohuity Components0 RecoveryC Molar ratio of sad- Molar rario of n&o- 
0 fate to hexosamine gen to hexosamine 

0.0 and 1.0 Glycoprotein 5 
1.5 Chondroitin sulfate 17 
2.0 Mixture 36 
3.0 Keratan sulfate 37 

4.0 Keratan sulfate 3 

0 
1.06 1.90 
1.04 1.95 
1.14 2.05 

aThe fraction eluted with 2.0~ salt, as shown in Table II, was prepared as a 0.5% solution in 0.5~ 
NaOH and kept for 4 h at 24’. After dialysis and concentration, the solution was applied to Dowex-1 
X2 (Cl- M mesh) for fractionation. bThe mucopolysaccharides of the mixture shown in the. 
Table, as well as of the original starting material, consisted of approximately one-third CS and two- 
thirds keratan sulfate. The 1.5~ preparation had a uranic acid to hexosamine ratio of 0.9 8 and fractions 
3.0~ and 4.0~ had ratios (0.05. The glycoprotein fraction had a ratio of hexosamine to neutral 
sugar of 0.95. e Based on hexosamine content. 
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tissues; no under-sulfated fractions were found in these tissues (Table III). Embryonic 
sources gave keratan sulfate fractions showing sulfate contents which were similar to 
those from adult tissues. In contrast, bovine nasal septa and comeal stroma tissues 
yielded keratan sulfate which was predominantly under-sulfated. 

These results indicate that the salt concentrations required for elution of keratan 
sulfate from Dowex-1 dare related to the sulfate contents of the preparations, the 
fractions having the highest sulfate concentrations requiring salt concentrations up to 
4M for e:ution. The unexpectedly high-salt concentrations needed for elution of keratan 
sulfate from the resin columns, though not fully understood, may involve different 
factors: for example molecular size polydispersity with the occurrence of fractions 
having relatively low molecular weights, as described by Anseth and Laurent”, or the 
presence of regions with high sulfate densities in which contiguous hexosamine and 
galactose units are sulfated, as shown by Bhavanandan and MeyeP. Such factors may 
also account for the characteristic property shown by keratan sulfate-cetylpyridinium 
complexes to redissolve in excess complexing reagent, as reported by Antonopoulous 
et al l4 This behavior was observed for the keratan sulfate fractions eluted with con- . . 

centrations of salt up to 2M, but only to a slight extent or not at all for those eluted 
with higher salt concentrations. 

TABLE Iv 
KERATAN SULFATE CONTENT OF CALF EMBRYOS 

Embryo size Tissue Keratan sulfate Total mucopolysaccharide 
in cm (%)” content (%)b 

7 
27 
72 

Whole embryo <I I 
Nucleus pulposus 4 15 
Nucleus pulposus 15 20 
Annulus 10 10 
Vertebral cartilage 4 18 
Spinal cartilage 1 - 

Rib cartilage <l - 

uCalcuIated on basis of total mucopolysaccharide content. 
U&xlated from dry weight of tissue. 

Mixed fractions containing both chondroitin sulfate and keratan sulfate, the 
latter amounting to approximately 10% of the total keratan sulfate, were invariably 
obtained from intervertebral tissue extracts during elution from Dowex-1 with 2~ 
salt solution. Whether these represent complexes linked by covalent bonding, as 
suggested previously’7*‘8, or just simple mixtures is not clear from the data. It was 
found, however, that more complete separation of components on Dowex-1 occurred 
when the mixed fractions had undergone a preliminary treatment with alkali. 

The keratan sulfate content of bovine intervertebral tissues was found to 
increase during embryonic development, and represented approximately 15% of the 
total acid mucopolysaccharide content by the third trimester (Table IV). In contrast, 
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rib and spinal cartilage from the same source showed a keratan sulfate content amount- 
ing to 1% or less of the total acid mucopolyszccharide content. The latter results 
are in agreement with the findings of Kaplan and Meyer’ that rib cartilage from 
human embryonic source is low in keratan sulfate. Similar findings on human fetal 
and rabbit embryonic cartilage have been reported by Matthewslg. 
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SUMhfARY 

Keratan sulfate fractions having various sulfate contents have been obtained 
from different tissue sources. Highly sulfated fractions of keratan sulfate have been ob- 
tained from embryonic and adult bovine intervertebral tissues, as well as from adult 
human intervertebral tissues. Under-sulfated keratan sulfate fractions were isolated 
only from bovine cornea1 stroma and from bovine nasal-septum cartilage. 

All tissues produced fractions showing relatively wide variations of sulfate con- 
tent. Increase in keratan sulfate content of bovine intervertebral tissues was noted 
during embryonic development, although this concentration was one-half or less 
that of adult bovine tissues. Acid mucopolysaccharide content of embryos in the last 
trimester corresponded to those found in adult bovine intervertebral tissues. 
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INTRODUCTION 

The reaction of Z-amino-2-deoxy-D-glucose with j3-dicarbonyl compounds’ 
gives pyrrole derivatives of the general formula 1. When the reaction is performed 
using 2&pentanedione2*3 in an anhydrous, basic medium, 2-deoxy-2-[2-(4-oxo-2- 
pentenyl)amino]-D-glucose (2) is obtained in high yield. This substance cyclizes readily 

Ph-C-CH=CHOH 

H 
HOCH 4 

1 I 
(HCOHl* 

I 
Me C+OH 

2 3 

yielding 3-acetyl-5-(D-arabino-tetrahydroxybu~l)-2-me~ylp~role (1, R = R’ = Me), 
3-acetyl-2-methylpyrrole, and D-erythrose 3. On this basis, it has been considered’s3 
that enamines of type 3, or a tautomeric form4, may be the first intermediates 
in the formation of the (tetrahydroxybutyl)pyrroles (1). In order to get a further 
insight into the mechanism of these transformations, we have studied the reactions 
of 2-amino-2-deoxy-D-glucose with other highly enolizable j3-dicarbonyl com- 
pounds, and this paper describes the results obtained with benzoylacetaldehyde 
and 1-phenyl-1,3-butanedne (benzoylacetone). #&Oxoaldehydes are more enolic than 
are the analogous j?-diketones, and are considered to exist mainly in their hydroxy- 
methyleneketone forms’ (4 in the case of benzoylacetaldehyde); 1-phenyl-1,3-butane- 

dione contains 94% of enol form(s) in ethanol solution”. 

RESULTS AND DISCUSSION 

The reaction of 2-amino-2-deoxy-D-glucose with benzoylacetaldehyde and 
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Z-phenyl-1,Zbutanedione in methanol, in the presence of triethylamine, took place 
readily yielding 2-deoxy-2-[1-(3-oxo-3-phenyl-l-propenyl)amino]-D-gcose (5) and 
2-deoxy-2-[2-(4-oxo4phenyl-2-butenyl)a~no]-~~ucose (6), respectively. The former 
compound could also be obtained in high yield by merely treating an aqueous solution 

5 R=H 
6 R=Me 

I 
Ph 

7b 

of the amino sugar with benzoylacetaldehyde at room temperature. Support for the 
structures of these substances are presented in the following discussion of their pro- 
perties. 

Compounds 5 and 6 had high, positive, optical rotations suggestive of a-~- 

anomeric configurations. Their i.r. spectra showed several strong bands in the double- 
bond region, those at the highest frequencies 11631 cm-’ and 1603 cm” incompounds 
5 and 6, respectively] being assigned as carbonyl stretching frequencies perturbed by 
chelation and by high contributions of the ionic forms (7b), (R = sugar residue) to the 
ground states of the molecules. Similar shifts of the carbonyl bands to lower frequen- 
cies have been observed3 in the 2&pentanedione derivative 2, in the intramolecularly 
bonded c&forms of simple jI-amino-@unsaturated ketones’ (7, R = H, alkyl), and 
in the enol forms of j?-diketones’. 

The enamines 5 and 6 gave positive Fehling’s and ferric chloride tests, presumab- 
ly because of their hydrolysis to the parent /Gdicarbonyl compounds and 2-amino-2- 
deoxy-D-glucose. However, these substances seem to be more resistant to hydrolytic 
cleavage than the derivative (2) of 2,4_pentanedione. The optical rotation of the 
benzoyIenamine 5 in aqueous solution did not change with tine; hycirolyis of the 
I-phenyl-1,3-butanedione derivative (6) took place slowly in aqueous solution at 
room temperature, and could be followed poIarimetrically and by the separation of 
I-phenyl-l,3-butanedione. Under the same conditions, the derivative (2) of 2,4- 
pentanedione is rapidly destroyed, partly by hydrolysis and partly by transformation 
into compound 1' (R = R’ = Me) and 3-acetyl-2-methylpyrrole3. Hydrolysis of 
compounds 5 and 6 with dilute hydrochloric acid gave 2-amino-2:deoxy-D-glucose 
hydrochloride; in the case of compound (6), I-phenyl-1,3-butanedione was also iso- 
lated. 

Acetylation of the enamines 5 and 6 gave the tetra-0-acetyl derivatives 8 and 9, 
respectively. The cr-n-anomeric conligurations of these substances were also indicated 
by their high, positive, optical rotations. Their i.r. spectra (carbon tetrachloride soiu- 
tions) showed cat-bony1 bands at 1636 and 1606 cm-’ respectively, attributable, as in 
the parent compounds 5 and 6, to the intramolecularly bonded ketoenamine system. 
Compounds 8 and 9, in both the solid state and in solution, showed broad absorptions 
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(3300 to 3100 cm-‘) that may be assigned as stretching modes of the intramolecularly 
bonded NH group. A similar NH absorption is shown by the tetra-O-acetyl derivative 
(10) of compound 2; this band remained unnoticed when the spectrum was taken 
under lower conditions of resolution and sensitivityJ. The broadening of these bands 

As AmA%& 
H /N\HOA= 
f f 

Me- > 

w&Q ‘=A & 
A ‘i 

Ph Me 

6 9 10 

is similar to that experienced by the OH bands of the enol forms of /Miketoness. 
Weak, broad bands shown by the acetyl derivatives (S-10) at CCL 3500 cm-’ are 
considered to be overtones of the carbonyl stretching vibrations rather than due to 
OH or NH groups. Figure 1 shows the i.r. absorption of the acetyl derivative (9) in 
the NH stretching region and in the double-bond region. 

3600 3500 34.00 3300 3200 1800 1700 1600 1600 

Wavenumber (cm-‘) 

Fig. 1. ldmed absorption of 1,3,4,6-retra-U-acetyl-2-deoxy-2-[2-(49xo-ephenyl-2-butenyl)~o]- 
a-mglucopyranose (9). 

In Nujol; - in CHC!b; ---- incCI& 

CataIytic (sodium methoxide) deacetylation of compound 8 regenerated the 
parent substance (5). Treatment of the acety1 derivatives @-IO) with hydrochloric acid 
in acetone gave good yields of 1,3,4,6-tetra-U-acety~-2-amino-2-deoxy-a-D-glucopyra- 
nose hydrochloride; this substance can be easily prepared from the 2+pentanedione 
derivative (10) in ca. 80% yield (ca. 35% from 2-amino-2-deoxy-D-glucose hydrochlor- 
ide). 

Data of the p.m.r. spectra of the acetyl derivatives are (&IO) includedin Table I. 
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The absorptions ofthe enamine portion of these compounds are very similar to those of 
the intramolecularly bonded c&form (7, R = H, alkyl, or aryl) of the enamines derived 
from @licarbonyl compounds and simple aminesg. The p.m.r. spectrumofthe benzoyl- 
acetaldehyde derivative (8) (Fig. 2) is representative, and will be commented on in 
some detail. The broad triplet at low field (S 10.08 p_p.m.) is assigned to the N-H 
proton. The large paramagnetic shift is due to the presence of the strong, intramole- 
cular hydrogen-bond, and the broadening to the r4N-quadrupole relaxation. The 
multiplicity of the signal is attributed to the nearly equal couplings with H-2 of the 
sugar ring (JNrrI 10.0 Hz) and with the vinyl proton H-l’ (JNH,r, 12.0 Hz). This 
proton gives rise to the double doublet at 6 6.81 p.p.m., the second splitting being 
produced by the coupling (J 1s2n 8.0 Hz) with the other vinyl proton (H-2’), which 
appears as a doublet at 6 5.74 p.p_m_ The value of the coupling constant between the 
oleflnic protons indicates” their cis disposition. The doublet CJI ,2 3.9 Hz) at B 6.24 
p.p.m. is due to the anomeric proton H-l. The chemical shift of this proton, as com- 
pared with those of the anomeric protons in Zacetamido-1,3,4,6-tetra-O-acetyl-2- 
deoxy-a and /?-o-glucopyranose (6 6.18 and 5.73 p.p.m., respectively)‘l, and the value 
ofJ 1 ,2 indicate the equatorial disposition of H-l, and that the dihedral angle formed by 
H-l and H-2 is of the order of 60°r2. Therefore, compound 8 has the a-D-anomeric 
configuration. Further confirmation of this conclusion is provided by the signal at 
6 2.30 p.p.m. due to the axial acetoxyl group at C-l 11*120. The acetoxyl groups in 
equatorial positions of the pyranose ring and the G6 acetoxyl group appear between 
6 2.02 - 2.09 p.p.m?1*12a. The sextet at 6 3.54 p-p-m. is due to H-2, which is equally 
coupled (J2,3 = JNrr2 = 10.0 Hz) with H-3 and the N-H proton, and differently 
(Ji,* 3.9 Hz) with H-l. The triplet at 6 5.36 p.p.m. may be assigned to H-3 (J2,s 10.0 
Hz; J3,4 9.8 Hz), and the triplet at 6 5.11 p.p.m. to H-4 (J4.s 9.6 Hz). The protons on 
C-5 and C-6 give rise to a complex ABC spin system in the region 6 3.95 - 4.45 p.p.m. 

In the p.m.r. spectra OF compounds 9 and 10, the vinyl protons (H-2’) appear 
assinglets, theN-Hsignalsasdoublets, andthereareadditional bands at 6 ca. 2.0 p.p.m. 
due to the additional methyl groups in the N-substituents. The absorptions of the 
sugar portions remain essentially the same as in compound 8; the only appreciable 
difference is the downtield shifts of the H-2 signals in 9 and 10 as compared with (S). 

The spectral assignments, which are in agreement with the integral values of 
the spectra, were confirmed by double-resonance experiments. Irradiation of H-l in 
compounds 9 and 10 removed J1,+, and resulted in collapse of the H-2 sextet to a 
triplet. When H-2 was irradiated, the H-l doublet collapsed to a singlet, the N-H 
doublet to a broad singlet, and the H-3 triplet to a doublet, thereby removing J1,2. 
J NH.25 and J2.3, respectively. Application of the irradiating field to the centre of the 
H-3 triplet also simplified the H-2 multiplet. Irradiation of N-H in the enamine 8 
caused the collapse of the H-l’ quartet to a doublet, and of the H-2 sextet to a quartet; 
a similar decoupling experiment with compound 9 resulted in the collapse of the H-2 
sextet to a quartet. 

Heating of the enamines 5 and 6 in aqueous ethanol, or in a mixture of triethyl- 
amine and methanol, caused cyclisation to 4-benzoyl-2-(D-arabino-tetrahydroxybutyl)- 
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pyrrole (11) and 3-benzoyl-5-(D-arabina-tetrahydroxybutyl)-2-methylp~ole (12), 

respectively. The former compound could be obtained directly by heating a:mixture of 

HO$H 

H f OH 11 R=H 13 R=H 15 R=H 17 R=Me 
12 R=Me 14 R=Me 16 R=Me 16 R=OEt 

HCOH 

I 
CH,OH 

2-amino-2-deoxy-D-glucose hydrochloride and the equivalent amount of sodium car- 

bonate with benzoylacetaldehyde in water-ethanol; the I-phenyl-1,3-butanedione 
derivative (12) was also prepared by allowing the jLllketone and the amino sugar to 

stand in aqueous acetone at room temperature. 

The (tetrahydroxybutyl)pyrroles 11 and 12 have properties similar to those of 

2ompounds having analogous structures previously described’*3. Their acetylation 
gave the corresponding tetra-O-ace@ derivatives, and, in the oxidation with sodium 

periodate or lead tetra-acetate, 4-benzoyl-2-pyrrolecarboxaldehyde (13) and Cbenzoyl- 

5-methyl-2-pyrrolecarboxaldehyde (14), respectively, were obtained in high yields. 

These substances could be transformed into the corresponding 2-pyrrolecarboxylic 
acids, (15) and (16), by oxidation with silver oxide-sodium hydroxide. Decarboxylation 

of 4-benzoyl-2-pyrroIecarboxyIic acid (15) gave known13 3-benzoylpyrrole. 

The reaction between 2-amino-2-deoxy-D-glucose and benzoylacetaldehyde in 

dilute aqueous solution at pH 9-10 (i.e., under conditions similar to those used in the 
reaction of the amino sugar and 2,4_pentanedione in the analytical method of Elson 

and Morgan14) yielded 4-benzoyl-2-(D-ar&ino-tetrahydroxybutyl) pyrrole (11) and 

3-benzoylpyrrole. The same result was obtained by heating enamine 5 at pH 

9-10. 

The p.m.r. spectra of pyrrolecarboxaldehydes 13 and 14, and of the known3*15 

4-acetyl-5-methyl-2-pyrrolecarboxaldehyde (17), and 4-(ethoxycarbonyl)-5-methyl-2- 

pyrrolccarboxaldehyde (18) are summarised in Table II. The analyses of the spectra 

of the D-i-substituted pyrroles (14), (17), and (18) are straightforward. The exchange 

of the NH protons with deuterium oxide removed J1 ,3, and caused the H-3 doublet to 

collapse to a singlet. The CHO proton appeared as a singlet indicating that, as in other 

2-pyrrolecarboxaldehydes16 and in 2-furaldehyde I’, there is no coupling between this 
proton and H-3. The assignment of signals in the spectrum of 4-benzoyl-2-pyrrole- 

carboxaldehyde (13) is based on analogy with the spectra of compounds, 14,17 and 18, 

and on the assumption that the CHO proton couples with H-5 but not -with H-3 16.17. 

These assignments were confirmed by deuteration and by double-resonance experi- 

ments as follows. Treatment of the sample (13) with deuterium oxide changed the 

H-3 multiplet into a doublet (whose spacing was assigned as J3 ,s), and the CHO signal 
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into a doublet (whose spacing was taken as J. CHO,S), tind sharpened considerably the 
H-5 multiplet, which became an unresolved triplet. Irradiation, under these conditions, 
of the CHO proton resulted in collapse of this triplet to a doublet, whose spacing was 
equalto J3,5, and did not tiect the H-3 signal. Irraditition of H-5 caused the CHO and 
H-3 doublets both to become sharp singlets. The H-l in all these pyrroles absorbed at 
same position as the H-l of 2-pyrrokcarboxaldehyde, (6 11.08 p.p.m.)18. Also, the 
values of J1,J in compounds 13,14,17, and 18, and J1 ,5 and J,-Ho,5 in 13 are of the 
same order of magnitude as those observed in other pyrrole derivatives16. 

The reaction between a primary amine and an unsymmetrical j?-dicarbonyl com- 

pound could give rise to two cnamines. Thus, the products formed in the reactions of 
2-amino-2-deoxy-D-glucose with benzoylacetaldehyde and 1-phenyl-1,fbutanedione 
might have had structures 19 and 20; respectively, instead of 5 and 6. The results prev- 

HOHBC 

0 

Q 

H 

HO OH 

“h\ 

r : 
“> 

I 

H/=-+O 

a 

19 R=H 

20 R=Me 

P 

Hi-p” 

=y/=\Ph 

I b-l 
HOCH 

I 
HCOH 

I 
21 R=H 

HCOH 22 R=Me 

I 
CH20H 

P 

HC-C~cAR H - -C02H 

“\ II II Ii Ii 
~2=-%N,=, 

Ph H/C-ym 
H 

25 

23 R=H 

24R=Me _ 

iously presented are inconsistent with the former possibility. Substances such as 19 and 
its corresponding tetra-O-ace@ derivative would show the spectroscopic properties of 
a,jLunsaturated aldehydes. Particularly, the p.m.r. spectrum of the tetra-O-acetyl 
derivative of 19 would be very different from the one observed (Table I, Fig. 2). 

1 I I I I 

lOKl8 7.90 7.78 Z48 Z36 

H;l’ 
H-l H-2’ 1 H-3 Hi4 

m&& d _ jJ1 
-l- . _- 

I I I I I I 1 I 18 
624 5.74 5.38 5.11 4.44 3.96 3.54 230 21206 

Fig. 2. The p.m.r. spectrum of 1,3,4,6-tetra-O-acetyl-2-deoxy-2-[1~3~xo-3-phenyl-l-propenyl)- 
amino]-a-D-glucopyranose (8) at 100 MHz in deuteriocbloroform. Numbers below peaks give inten- 
sities of integrated peaks. 
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Cyclisation of enamine 19 would have given 5-(n-a&&o-tetrahydroxybutyl)-2-phenyl- 
3-pyrrolecarboxaldehyde (21). Periodate oxidation of this compound would have 
afforded2-phenyl-3,5-pyrroledicarboxaldehyde (23), instead of the isomeric 4-benzoyl- 
3-pyrrolecarboxaldehyde (13). The p.m.r. spectrum of the tri-substituted pyrrole (23) 
would be very different from the one observed (Table II), which clearly corresponds to 
a di-substituted pyrrole. Oxidation of aldehyde 23 would have given 2-phenyl-3,5- 
pyrroledicarboxylic acid (25), the decarboxylation of which cannot afford 3-benzoyl- 
pyrrole. The 1-phenyl-1,3_butanedione derivatives (a), (12), and (14) show the proper- 
ties of homologous compounds of5,11, and 13, respectively, rather than those expec- 
ted for the isomeric ketones 20,22, and 24. Also, the p.m.r. spectrum of the perio- 
date-oxidation product (14) (Table II) is better interpreted in terms of the proposed 
formulation than with the structure 4-acetyl-5-phenyl-2-pyrrolecarboxaldehyde (24). 
Therefore 2-amino-2-deoxy-D-glucose seems to react preferentialy with the carbonyl 
group of benzoylacetaldehyde and 1-phenyl-1,3-butanedione that is further away 
from the phenyl ring. Similar results have been obtained in the reactions of these 
/3dicarbonyl compounds with simple primary amines g*lg. 

EXPERIMENTAL 

Melting points are uncorrected. Concentrations and evaporations of solvents 
were carried out in cacuo at a temperature not over 50°. Identification of compounds 
was based on mixed melting points, and comparison of their chromatographic 
mobiities and i.r. spectra. Drying of organic solutions was effected with sodium 
sulphate, unless otherwise indicated. Paper chromatography was carried out on What- 
man No. 1 paper by the horizontal technique (unless otherwise stated), with butyl 
alcohol-ethanol-water-ammonia (40:10:49:1, organic phase). Detection reagents used 
were (a) silver nitrate-sodium hydroxide*’ for monosaccharides and polyhydroxylic 
compounds; (b) aniline hydrogen phthalate” for reducing sugars; and (c) chromato- 
graphic Ehrlich reagent3 for pyrroles; R, values were measured at 20-25”. Optical 
rotations at 5461 A were determined with a Bendix-Ericsson Type 143C polarimeter. 
The U.Y. spectra were obtained with a Beckman DU spectrophotometer. The i.r. 
spectra were obtained with a Beckman IR-SA instrument, and those marked (*) 
with a Beckman IR-7; the following abbreviations are used: s, strong; m, medium; 
w, weak; v, very; sh, shoulder; b, broad. The p.m.r. spectra were measured with a 
Varian HA-100 spectrometer. The samples were used as solutions in deuteriochloro- 
form, with tetramethylsilane (S = 0) as the internal reference. Deuteration was 
effected by shaking the prepared sample with one drop of deuterium oxide. 

kDeoxy-2-[I-(3-oxo-3-phenyl-l-propenyl)amino]-D-gluc (5). - Benzoylacetal- 
dehyde22 (4.4 g, 0.03 moles) was added to a solution of 6.5 g(O.03 moles) of 2-amino-2- 
deoxy-n-glucose hydrochloride and 1.59 g (0.015 mole) of sodium carbonate in 15 ml 
of water. Separation of compound 5 started immediately. After several hours, the 
crystalline mass was Htered off and recrystallized from ethanol; yield, 7.3 g (79O%), 
m.p. 168170”, [a]? -I- 82” (c 1, water); RF 0.81 (descending technique); &,, (water) 
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247 rnp (8 9460); v,,, (Nujol) 3279 b-m (OH, NH), 163 1 b-s (C= 0), 1600 sh-w (phenyl 
ring), 1585 w, 1520 sh-s, 1504 s (phenyl ring) cm-‘. 

AnaZ. Calc. for C,,H,,NO,: C, 58.24, H, 6.19; N, 4.53. Found: C, 57.96; 
H, 6.37; N, 4.82. 

Compound 5 can also be obtained by heating under reflux 2-amino-2-deoxy-D- 
glucose hydrochloride (215 mg, 1 mmole) and benzoyIacetaldehyde(500 mg, 3 mmoles) 
in a mixture of triethylamine (0.3 ml) and methanol (5 ml) for 10 min. The solvents 
were distilled off, and the residual syrup was washed with ether. Crystallization from 
methanol yielded 48 mg (15%) of product, m-p. l&5-169”, identical with that described 

above. 

Hydrolysis of compound 5. - A solution of compound 5 (3.1 g, 0.01 mole) in 
0.5~ hydrochloric acid (150 ml) was refluxed for 2.5 h. The reaction mixture was 
concentrated to ca. 70 ml, and extracted with ether (2 x 50 ml). Evaporation of the 
aqueous layer left a crystalline, dark residue (183 mg), m.p. 190-200” (dec.), which, 
when examined chromatographically [descending, spray reagents (a) and (b)], showed 
only the presence of 2-amino-2-deoxy-D-glucose. A solution of this material in the 
smallest amount of water was passed down a column of Amber&e IR-120 (H+). 
The column was washed with water (500 ml), and then with 0.2~ hydrochloric acid 
until the eluate gave a negative Fehling’s test. The acid eluate was concentrated to ca. 
5 ml and refrigerated. Crystalline 2-amino-%deoxy-D-glucose hydrochloride (1.46 g, 
68x), m.p. 190” (dec.), was collected, washed with ethanol, and identified with an 
authentic specimen. 

Z,3,4,6-Tetra-0-acetyl-2-deoxy-2- [I-(3-oxo-3-phenyl-Z-propenyl)aminol-or- 
copyranose (8). - A solution of compound (5) (0.93 g 3 mmoles) in pyridine (5 ml) 
was treated with acetic anhydride (5 ml) for 48 h at 0”. The mixture was poured onto 
ice, and the crystalline solid was collected and washed thoroughly with water. Several 
recrystallizations from carbon tetrachloride gave the product (0.55 g, 38x), m.p. 
180-181”, [a]:,“,, + 286” (c 0.5, chloroform); vmnr (chloroform) 3472 vw (C=O 
overtone), 1764 s (OAc), 1639 s (ketone C = 0), I592 s (phenyl ring), 1558 m, 1504 m 
(phenyl ring) cm-’ ; v,,,,, (*) (carbon tetrachloride) 3515 VW and 3492 vw (C= 0 over- 
tone), 3195 b-w (intramolecularly bonded NH), 1763 s and 1755 s (OAc), 1622 m 
(ketone C=O), 1589 m (phenyl ring) cm- 1 ; p.m.r. spectrum, see Fig. 2 and 
Table I. 

Anal. Calc. for CZ3H2,NOl,,: C, 57.85; H, 5.70; N, 2.93. Found: C, 57.68; 
H, 5.89; N, 2.97. 

A sample (0.1 g) of this tetra-O-acetyl derivative was deacetylated by treatment 
with 0.5% methanolic sodium methoxide (1 ml) for 24 h. The mixture was neutralized 
with dilute hydrochloric acid and evaporated. The residual solid gave, after recrystal- 
lization from ethanol, compound 5, identical with the sample described above. 

Hydrolysis of compound 8. - A solution of 0.48 g (1 mmole) of compound 8 
in boiling acetone (3 ml) was treated with 5N hydrochloric acid (0.25 ml), and the 
mixture was refluxed for several minutes. Refrigeration of the reaction mixture afforded 
1,3,4,6-tetra-O-acetyl-2-amino-2-deoxy-a-o-~ucopyranose hydrochloride (0.125 g, 
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160 m (phenyl ring), 1577 w, 1558 s (pyrrole ring) cm-‘; p.m.r. spectrum, see 
Table II. 

AnaL Calc. for C,.H,NO,: C, 72.35; I-I, 4.55; N, 7.03. Found: C, 72.16; 
H, 4.73; N, 6.90. 

4-Benzoyl-2-pyrrolecarboxylic acid (15). - A suspension of silver oxide in 
water was prepared by adding 3.2 ml of N sodium hydroxide to a solution of 0.37 g 
(2.2 mmoles) of silver nitrate in water (1 ml). 3-Benzoyl-2-pyrrolecarboxaldehyde 
(0.2Og, 1 mmole) was added, and the mixture was heated for 1 h at 100”. The cooled 
reaction mixture was filtered, and the solid residue was washed several times with hot 
water. The filtrate and the washings were mixed and acidified (Congo Red) with dilute 
nitric acid. The solid was collected and washed with water. Recrystallization from 
ethanol-water gave the product (170 mg, 79%), m.p. 224-225” (dec.); R,,, (ethanol) 
20X6,237.5,288 rnp (.s 38,500, 48,000, 14,700); v,,, (Nujol) 3247 s, 2710 m, 2618 m 
and 2538 m (CO,H), 1695 s (COzH), 1616 s (ketone C=O), 1577 sh-w, 1550 s and 
1522 m (pyrrole ring), 1499 m (phenyl ring) cm-‘. 

Anal. Calc. for ClzH,N03: C, 66.97: H, 4.22; N, 6.51 ;neutralizationequivalent, 
215. Found: C, 66.66; H, 4.49; N, 6.34; neutralization equivalent, 219. 

3-Benzoylpyrrole. - 4-Benzoyl-2-pyrrolecarboxylic acid (15) (100 mg) was 
heated at 210-230” (bath temperature) in a tube fitted with a “cold finger”. 
The sublimate was recrystallized from light petroleum-ether yielding the title 
compound (22.4 mg, 28%), m.p. 97-99” (lit.“, 96-97”), RF 0.94; &,, (ethanol) 
248,279 sh rnp (E 15,200, 8,860); vmaI (chloroform) 3460 s (free NH), 3289 m (bonded 
NH), 1634 s (C=O), 1605 s (phenyl ring), 1575 m (pyrrole ring), 1495 m (phenyl ring) 
cm-‘. 

Anal. Calc. for C,,H9NO: C, 77.17; H, 5.30; N, 8.18. Found: C, 77.47; H, 
5.09; N, 8.07. 

Treatment of compound 5 at pH g-10. - A solution of compound 5 (1.55 g, 
5 mmoles) in 30 ml of a sodium carbonate-sodium hydrogen carbonate buffer (pH 
9.5) was heated under reflux for 30 min. Refrigeration of the reaction mixture afforded 
a crystalline solid (1.09 g, m-p. 173-l78O) which, when examined chromatogra- 
phically [spray reagents (a) and (c)l, showed the presence of 4-benzoyl-2-(D-arabino- 

tetrahydroxybutyl)pyrrole (11) (RF 0.68) and 3-benzoylpyrrole (RF 0.91). This 
material was extracted with acetone (10 ml). Recrystallization of the insoluble portion 
from ethanol gave compound 11 (0.52 g, 36”/,), m-p. 196-198”, identical to the 
preparation described above. Evaporation of the acetone extract afforded 0.17 g 
(20%) of 3-benzoylpyrrole, m.p. 97-98”, identical to the sample described 
above. 

Reaction between 2-amino -2-deoxy-D-ghicose and benzoylacetaldehyde at pH 
9-10. - 2-Amino-2-deoxy-D-glucose hydrochloride (2.16 g, 0.01 mole) and benzoyl- 
acetaldehyde (1.48 g, 0.01 mole) were dissolved in 70 ml of a sodium carbonate- 
sodium hydrogen carbonate buffer (pH 9.5.) The pH was adjusted to pH 9.1 by addi- 
tion of 2N sodium hydroxide, and the resulting solution was heated to 100” for 45 min 
and cooled. The crystalline solid that separated (0.44 g, m.p. 185-190”) was collected 
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and washed with water. Paper chromatography [spray reagents (a) and (c)I of this 
material showed the presence of compound 11 (& 0.69) and benzoylpyrrole (RF 
0.94). The solid was continuously extracted with ether. The insoluble fraction gave, 
after recrystallization from water, 4-benzoyl-2-(n-arabin+tetrahydroxybutyl)pyrrole 
(11) (0.35 g, 1279, m.p. 197-200”. 

Evaporation of the ether solution left a small, dark residue. Thin-layer chro- 
matography [silica-gel G (Merck); light petroleum-ether (2:1), spray reagent 
sulfuric acid-water (1:l)J of this material showed the presence of 3-benzoylpyrrole 
(RF 0.22) in addition to two unidentified substances of+ 0.36 and 0.85. 

2-Deoxy-2-[2-(4-oxo-4-phenyl-2-butenyl)a (6). - A mixture of 
2-amino-2-deoxy-D-glucose hydrochloride (2.15 g, 0.01 mole), 1-phenyl-1,3-butane- 

dione (4.86 g, 0.03 moles), triethylamine (3 ml), and methanol (45 ml) was heated until 
dissolution occurred, and then under reflux for 10 min. Refrigeration of the reaction 
mixture afforded the title compound (1.57 g, 49x), m.p. 137-141”. Several recrystal- 
lizations from methanol gave the analytical sample (0.8 g, 25%), m-p. i52-154”, 
[a]g + 212” (c OS, methanol), RF 0.77; ;i,,, (ethanol) 246,251,263 sh rnp (e 16,200, 
16,360,7,300); u,,,(Nujol)3584mand3165 s(OH,NH), 1603 s(C=O andphenyl ring), 
1585 s, 1538 s cm-‘. 

Anal. Calc. for Cr6HZ,N06: C, 59.43; H, 6.55; N, 4.33. Found: C, 59.02; H, 
6.71; N, 4.26. 

Hydrolysis of compound 6. - Compound 6 (3.23 g, 0.01 mole) was heated in 
0.1~ hydrochloric acid (120 ml) at 100” for 1 h. The reaction mixture was extracted 
with ether, and the extract was dried and evaporated. The residue (0.95 g, 59x), 
m-p. 53-56”, was identified as I-phenyl-l,3-butanedione. The aqueous fraction was 
passed down a column of Amberlite IR-120 (II+). The column was eluted with water 
until the efluent was colourless, and then with 0.2N hydrochloric acid until the eluate 
gave a negative Fehling’s test. Concentration of the acid eluate afforded 2-amino-2- 
deoxy-D-glucose hydrochloride (0.48 g, 22X), m-p. 191” (dec.), identified by compari- 
son with an authentic sample. 

Z,3,4,6-Tetr~-O-acetyZ-2-deoxy-2-[2-(4-oxo-4-phenyl-2-butenyC)ami~]-a-o-gluco- 
pyranose (9). - Acetylation of compound 6, as indicated above for 5, gave the title 
compound (66%). After crystallization from methanol, it had m.p. 193-195”, [a]& 
+ 260” (c 0.25, chloroform); v,,, (*) (Nujol), 3505 VW and 3453 vw (C=O overtone), 
3177 b-w (intramolecularly bonded NH), 1765 s, 1744 sh-s and 1735 s (OAc), 1606 s 
(ketone C=O), 1598 s (phenyl ring), 1587 s, 1554 s, 1539 sh-m, 1516 mcm-‘; v,,, (*) 
(carbon tetrachloride), 3500 b-w, 3193 b-w; vmJX (*) (chloroform), 1557 b-s, 1606 s, 
1588 s, 1558 m, 1515 w cm-‘, see also Fig. 1; p.m.r. spectrum, see Table I. 

Ad. Calc. for Cz4H2sN0,,: C, 58.65; H, 5.95; N, 2.85. Found: C, 58.70; 
H, 6.16; N, 2.83. 

Hydrolysis of compound 9. - Compound 9 was hydrolyzed, as indicated 
before for compound 8, yiekling 1,3,4,6-tetra-O-acetyl-2-amino-2-deoxy-a-D-gluco- 

pyranose hydrochloride (79 %), m.p. 175-178’ (dec.), identified with the sample 
described above. 
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3-Benzoyl-5-(D-arabino-fet~~~Z)-2-~ef~~~~~~~~~e (12). - (a) Com- 
pound 6 (0.32 g, 1 mmole) was refiuxed in a mixture of methanol (4.5 ml) and triethyl- 
amine (0.3 ml) for 5 h. Crystallization of product occurred during this time. The 
reaction mixture was refrigerated, and the crystalline mass was collected; yield, 0.225 g 
(74x), m.p. 161-164”. After recrystallization from water and then from methanol, 
the analytical sample had m.p. 170-171”; [a&r - 58” (c 0.5, pyridine), RF 0.78; 
&,, (ethanol) 242,3 15 v (s 14,920,6,280); v,,, (Nujol) 3236 b-s (OH, NH), 1616sh-s 
(C=O), 1597 s (phenyl ring), 1567 s (pyrrole ring), 1515 w cm-‘. 

(6) A solution of 2-amino-2-deoxy-D-glucose hydrochloride (4.3 g, 0.02 moles) 
and sodium carbonate (1.06 g, 0.01 moles) in water (32 ml) was treated with l-phenyl- 
1,3-butanedione (3.24 g, 0.02 moles) dissolved in acetone (50 ml). The pH of the result- 
ing solution was adjusted to 7.5 by addition of dilute hydrochloric acid, and left at 
room temperature for three days. Evaporation of solvents afforded a material that 
was washed thoroughly with ether and crystallized from water. The product (1.03 g, 
160/,) had m.p. 158-162”. An additional recrystallization from methanol gave the pure 
substance, m.p. 170-171”. 

Anal. talc. for C16HL9N05: C, 62.94; H, 6.27; N, 4.59. Found: C, 63.10; 
H, 6.51; N, 4.32. 

The compound consumed 3.0 mol. of sodium metaperiodate (talc., 3.0 mol.). 
S-(D-arabino-Tetra-aceto~~~utyl-3-benzoyl-2-methyl. - Acetylation of 

compound (12), as indicated for compound 5, gave the product (69%), which, after 
recrystallization from light petroleum-ether, had m.p. 125-127”, [c@& - 115” 
(c 0.5, chloroform); v,,, (chloroform) 3597 sh-w (C= 0 overtone), 3436 m (free NH), 
3257 sh-w (bonded NH), 1751 s (OAc), 1637 s (ketone C=O), 1600 m (phenyl ring), 
1575 m (pyrrole ring), 1534 sh-w cm-‘. 

Anal. Calc. for CZ4H2,N09: C, 60.88; H, 5.75; N, 2.96. Found: C, 61.02; 
H, 5.9 1; N, 2.72. 

4-Benzoyl-S-methyl-2-pyrrolecarboxaldehyde (14). - (a) 3-BenzoyK(D-ara- 
bino-tetrahydroxybutyl)-2-methylpyrrole (12) (0.31 g, 1 mmole), suspended in a 
mixture of water (30 ml) and ether (30 ml), was treated with sodium metaperiodate 
trihydrate (1 .I g, 4 mmoles) for 2 h under vigorous stirring. The layers were separated, 
and the aqueous fraction was extracted with ether (30 ml). The combined ethereal 
fractions were dried, and the solvents was removed by distillation.Theproduct(167mg, 
79%) had m.p. 133-134” which did not change after a recrystallization from ethanol- 
water (1:2). 

(6) Lead tetra-acetate (4.43 g, 0.01 mole) was added to a suspension of com- 
pound 12 (0.61 g, 2 mmoles) in benzene (60 ml) containing a few drops of acetic 
acid, The mixture was heated at 40-50” for ca. 5 h under vigorous stirring. The solid 
was titered off and extracted with benzene (2 x 20 ml). The filtrate and the benzene 
extracts were combined, washed with 10% sodium carbonate (2 x 20 ml), and dried 
(MgSO,). Removal of the solvent left the product (0.34 g, 790/,), m.p. 129-133”. 
Recrystallization from ethanol-water (1:2) gave the analytical sample, m.p. 133-134”; 
t.,,_ (ethanol), 242,286,304 rnl.r (E 14,020,9,780, 11,600); v,,, (chloroform) 3521 sh-w 
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(C=O overtone), 3425 w (free NH), 3236 s (bonded NH), 2841 w and 2695 w (CHO), 
1658 s (aldehyde C=O), 1631 s (ketone C=O), 1603 m (Phenyl ring), 1563 s (Pyrrole 
ring), 1502 s (phenyl ring) cm-’ : p.m.r. spectrum, see Table II. 

AnaL Calc. for C,,H,,NOz: C, 73.22; H, 5.20; N, 6.57. Found: C, 72.98; 
H, 5.44; N, 6.85. 

4-3enzoyZ-S-methy~-2-pyrroerhyl-2-pyrrolecarboxylic acid (16). - Oxidation of compound 
14 with alkaline silver oxide, as indicated for the preparation of 4-benzoyl-2-pyrrole- 
carboxylic acid (15), gave the title compound. After two recrystallizations from metha- 
nol-water(l:l),theproduct (57%) had m.p. 204206O (dec.); &, (ethanol) 239,245 sh, 
303 w (a 32,400, 29,400, 8000); v,,, (Nujol) 3247 s and 2558 sh-m (CO&I), 1695 s 
(CO&l), 1631 s (ketone C=O), 1603 m (phenyl ring), 1567 s (pyrrole ring), 1506 s 
(phenyl ring) cm- ‘. 

Anal. Calc. for CrJH,,NOJ: C, 68.11; H, 4.84; N, 6.11; neutralization equiva- 
lent, 229. Found: C, 68.44; H, 5.14; N, 6.10; neutralization equivalent, 246. 

1,3,4,6-Tetra-O-acetyl-2-amino-2-deoxy-cr-D-glucopyr~ose hydrochloride from 2- 
amino-compound 10. - 1,3,4,6-Tetra-U-acetyl-2-deoxy-2-[2-(eoxo-2-pentenyl)amino]- 
a-D-glucopyranose3 (10) (4.29 g, 0.01 mole) was dissolved in 15 ml of boiling acetone 
and treated with 2 ml of 5~ hydrochloric acid. The mixture was heated under reflux 
for 2 min. On cooling, 1,3,4,6-tetra-O-acetyl-2-amino-2-deoxy-ar-D-glucopyranose 
hydrochloride rapidly crystallized. The suspension was diluted with ether (15 ml) 
and shaken. The solid fraction was collected, washed with ether, and recrystallized 
from methanol. Yield, 3.0 g (79%); m-p. 188-190”. The preparation was identical to 
that obtained from compound 8. 

ACKNOWLEDGMENTS 

The authors express their gratitude to Professor F. Garcia Gonzalez for his 
interest, to Dr. J. Calderon, Instituto de Quimica “Alonso Barba”, for the microana- 
lyses, and to Dr. J. Bellanato, Instituto de Optica “Daza de Valdes”, for the i.r. 
spectra taken with a Beckman IR-7 spectrophotometer. 

One of them (M.G.G.) thanks the Comisaria de Protection Escolar, Ministerio 
de Education National of Spain, for the award of a Scholarship. 

SUMMARY 

2-Amino-2-deoxy-D-glucose reacts with benzoylacetaldehyde and I-phenyl-1,3- 
butanedione to yield 2-deoxy-2-[1-(3-oxo-3-phenyl-l-propenyl)amino]-D-gcose (5) 
and 2-deoxy-2-[2-(Poxo-4-phenyl-2-butenyl)amino]-D-glucose (a), respectively. Acetyl- 
ationofthesesubstancesaffords 1,3,4,6-tetra-O-ace~1-2-deoxy-2-[1-(3-oxo-3-pheny1-1- 
propenyl)amino]-a-o-glucopyranose(8)andl,3,4,6tetra-O-acetyl-2-deoxy-2-[2-(4-oxo- 
4-phenyl-2-butenyl)amino]-a-r+glucopyranose (9), whose structures are established 
on the basis of their i-r. and p.m.r. spectra, and hydrolysis to 1,3,4,6-tetra-O-acetyl-2- 
amino-2-deoxy-a-D-glucopyranose hydrochloride. Cyclisation of enamines 5 and 6 
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yields Pbenzoyl-2-(D-ardbino-tetrahydroxybutyl)pyrrole (11) and 3-benzoyl-5-(Dora- 
bino-tetrahydroxybutyl)~2-methylpyrrole (12) respectively. Treatment of compound 5 
at pH 9-10 gives the (tetrahydroxybutyl)pyrrole (11) and 3-benzoylpyrrole. Oxidation 

of pyrrolcs 11 and 12 with sodium periodate (or lead tetraacetate) yields 4-beuzoyl-2- 
pyrrolecarboxaldehyde (13) and 4-benzoyl-5-methyl-2-pyrrolecarboxaldehyde (14), 
respectively, which can be subsequently oxidized to the corresponding Zpyrrolecarbox- 
ylic acids (15) and (16). 1,3,4,6-Tetra-O-acetyl-2-amino-2-deoxy-or-D-glucopyranose 
hydrochloride can be readily prepared by hydrolysis of 1,3,4,6-tetra-O-acetyl-2-deoxy- 
2-[2-(40x0-2-pentenyl)amino]-a-D-glucopyranose (10). 
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Notes 

Syntheses with anhydro sugars 

Part V. Synthesis of thio sugars by reaction of sugar epoxides with 
pyridinium thiolbenzoate 

The thiolbenzoate anion has been used for nucleophilic displacement of both 
haIo’*2 and ester groups3, and is a valuable agent in syntheses of thio sugars. Pyri- 
dinium thiolbenzoate can be applied to this purpose in another type of reaction, 
namely, epoxide-ring cleavage. Although not yet applied in a great number of cases, 
the method seems to be generally applicable and is of special advantage for prepara- 
tion of thio sugars having the suIfur atom in a secondary position. 

5,6-Anhydro-r,2-O-isopropylidene-a-D-glucofuranose (l), thiolbenzoic acid, 
and pyridine, in equivalent amounts, react at room temperature to yield 6-S-benzoyl- 

4 5 6 

OAc &i OH 
7 Ft.82 9 10 
0 R-AC 

I,%0-isopropylidene-6-thio-a-~glucofuranose (2) which is identical with the product 
obtained by treatment of 1,2-O-isopropylidene-6-O-p-tolylsulfonyl-or-~-gIucofuranose 
with potassium thiolbenzoate in N,N-dimethyIformamide4. Subsequent acetylation 
yields the di-0-acetyl derivative (3) obtained previously’ by benzoyiation of 3,5-di- 
O-acetyl- 1,2- 0-isopropylidene-6-thio-z-r+gIucofuranose. 
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Methyl 2,3-anhydro-4,6-O-benzylidene-a-D-allopyranoside (4), when melted 
with pyridinium thiolbenzoate, yields methyl 2-S-benzoyl-4,6-O-benzylidene-2-thio- 
a--D-altropyranoside (5). The structure of compound 5 was proved by Raney nickel 
desulfurization, which yielded the known methyl 4,6-O-benzylidene-2-deoxy-a-D-&& 
hexopyranoside6 (6), as well as by catalytic debenzoylation with sodium methoxide in 
methanol which afforded a product (2) identical with that obtained by debenzylation 
of methyl 2-S-benzyl-4,6-U-benzylidene-2-thio-a-D-altropyranoside7. The last-named 
compound (10) could be obtained by benzylation of compound 9, whereas S-benzoyl- 
ation gave back compound 5. Remarkably, compound 5 and its O-acetyl derivative 
(7) showed a negative optical rotation, whereas the di-O,S-acetyi compound (8) 
shows the normal positive value. 

EXPERIMENTAL 

~S-BenzoyI-l,r-O-isopropylidene-6-thio-a-D-g~~cofuranose (2). - An intimate 
mixture of 5,6-anhydro-r,2-O-isopropylidene-cr-D-glucofuranose (1, I .o g), thiolbenzoic 
acid (0.7 g), and pyridine (0.4 g) reacted with spontaneous warming and liquefaction 
during a few minutes. After about I h, ethanol (I ml) was added to the viscous yellow 
mass, followed by sufficient water to initiate crystallization. Separation of the crude, 
crystalline product (2, 1.5 g, m-p. roe-103”) was achieved by further addition of 
water. Recrystallized twice from ethanol, the substance had m.p. 12o-121~, [cY]~’ 
f3.0” (c 2.0, chloroform) (Found: C, 56.55; H, 6.01; S, 9.53. C,6HZ006S talc.: 
C, 56.54; H, 5.92; S, g-&%1- 

3,5-Di-O-acetyI-6-S-benzoyI-r,2-O-isopropy~idene-6-thio-u-D-gIucofur~ose (3). - 

The 6-S-benzoyl derivative (2, 0.5 g), dissolved in a mixture of pyridine (2.5 ml) and 
acetic anhydride (I .oml), was left overnight at room temperature and then poured into 
IOO ml of ice water. The resulting sirup slowly solidified to yield crude product 
3 (0.3 g), which, after two recrystallizations from ethanol, had m.p. I 16-117O, 

[z]? + 20.0~ (c 5.0, chloroform). 

Methyl 2-S-benzoyl-q,d-O-benzyIidene-2-thio-a-D-a~tropyranoside Q. - The an- 
hydro derivative (4, 10.4 g), thiolbenzoic acid (10.8 g), and pyridine (3.2 g) were mixed 
thoroughly and heated at r50-160” to complete liquefaction. The brown-red, viscous 
liquid was kept at this temperature for IO min and then left to cool. Following disso- 
lution in ether (ca. 150 ml), the mixture afforded crude product 5 (7.28, m.p. I54-r5g”), 
which, after two recrystallizations from ethanol, had m-p. 163-165”, [a];’ -25.2” 
(c 4-0, chloroform) (Found: C, 62.82; H, 5.59; S, 7.41. C,,H,,O,S caIc.: C, 62.98; 

H, 5.67; S, 7.28%). 

Methyl q,6-O-benzyZidene-2-deo.uy-cr-D-ribo-hexopyranoside (6). - Compound 5 
(3.2 g), suspended in ethanol (320 ml), was treated with one tablespoonful of freshly 
prepared Raney nickel. The mixture was refluxed for I h, the catalyst was filtered off, 
and the solution was treated with charcoal. Concentration and cooling gave a crys- 
talline mass smelling of benzaldehyde. Paper-chromatographic analysis (r-butanol- 
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acetic acid-water, IO: 1:3, descending technique) revealed the presence of two carbohy- 
drate derivatives (RF 0.48 and o-go) which both gave, with the diphenylamine- 
aniline-phosphoric acid reagents, a red-violet color typical for monosaccharide 
derivatives having a -CHz-grouping adjacent to the carbonyl function’. The mixture 
:ould be readily fractionated by extraction of its chloroform solution by water. 
The faster-moving substance remained in the chloroform phase and crystallized after 
addition of ethanol to the concentrated chloroform solution to give compound 6 
(o-7 g), m-p. II~-II?‘, [cz]g” + 150.9’ (c 2.1, chloroform); lit6, m.p. 1x7-119~ and 
r26-128”, [a]u -i- 152~ (chloroform). 

Identication of the second 2-deoxyaldose derivative, presumably methyl 2- 
deoxy-a-D-ribo-hexopyranoside, was abandoned. 

Methyl 4,6-0-benzylidene-2-thio-a-D-altropyranoside (9). - The S-benzoyl deriv- 
ative (5, I .6 g) was added at room temperature to absolute methanol (20 ml) containing 
sodium methoxide (0.56 g). After IO min, when all of the substance haddissolved, 
the solution was treated with a slight excess of glacial acetic acid and evaporated 
in ULZCUO until the first crystals appeared. Complete separation of the product (I g) 
was brought about by cautious addition of water with continuous mixing. Recrystal- 
lization from ethanol gave compound 9, m.p. 17o-172O, [LY]~’ + 77.4O (c, 2.3 chloro- 
form); lit.‘, m.p. I68-I6g”, [aID + 80.5” (chloroform). 

Methyl r-S-benzyZ-4,6-O-benzyZidene-z-thio-cr-D-aItropyranoside (IO). - To a 
suspension of methyl 4,6-O-benzylidene-2-thio-n-D-altropyranoside (9, 0.37 g) in 
acetone (5 ml), benzyl chloride (0.3 ml) and 5% aqueous sodium hydroxide (1.5 ml) 
were added. The mixture was vigorously shaken for 30 min and then pouredinto water 
(IOO ml); shaking was continued until the oily substance solidified. Recrystallization 
from ethanol afforded compound 10 (0.3 g), m-p. r3g-r4o”, [CL];’ t 97-6” (c 2.5, 
chloroform); lit.‘, m.p. I36-137O, [C&, + 91” (chloroform). 

Methyl ~-O-acetyl-2-S-benzoyZ-~,6-O-benzyZidene-z-thio-a-D-aZtropyranoside (7). 

- The S-beuroyl derivative (5, 1.0 g) was acetylated in the usual manner in pyridine 
(5 ml) and acetic anhydride (2 ml) to yield, after recrystallization of the crude product 
from ethanol, compound 7 (0.6 g), m.p. 130-r31”, [a]? --I2.3O (c 4.0, chloroform) 
(Found: C, 62.25; H, 5.48: S, 7.30; C,,H+&O,S talc.; C, 62.14; H, 5.44; S, 7_210/,). 

MethyI3-O-acetyl-2-S-acetyI-q,d-O-benzylidene-z-thio-a-D-a~tropyranoside(8).- 

Methyl 4,6-0-benzylidene-2-thio-a-D-altropyranoside (9, 1.0 g), when acetylated as 
described in the preceding paragraph, afforded the di-0-acetyl derivative (8, 0.8 g), 
m.p. g&95”, [a];’ +75.8” (c 4.0, chloroform) (Found: C, 56.61; H, 5.72; S, 8.54. 
C,sH,20,S talc.: C, 56.53; H, 5.79; S, 8.38%). 

MethyZ 2-S-benzoyl-4,6-O-benzylidene-2-~ll~o-~-D-a~rro~yra~oside (5) by partial 

benzoylation of compound 9. - To a solution of substance 9 (0.3 g) in acetone (12 ml), 
potassium carbonate (0.3 g) and benzoyl chloride (0.3 ml) were added. The mixture 
was shaken vigorously for 15 min and then left overnight. Part of the substance 
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separated in spherical crystal aggregates; the remainder was obtained upon addition 
of water to the filtered reaction mixture from which acetone had been partly distilled 
off. Recrystallization from ethanol gave compound 5 (0.2 g), m-p. 163-165”, [XI;’ 
-23.0~ (c 1.8, chloroform). 
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Proton magnetic resonance of crystalline a-D-glucose 

INTRODUCTION 

Nuclear magnetic resonance has been used to study the position of hydrogen 
atoms in crystals, and particularly to determine certain aspects of hydrogen atom 
behaviour which are inaccessible to diffraction studies, such as re-orientation of the 
ammonium ion in ammonium chloride. We commenced this study of oc-D-glucose 
when the position of hydrogen atoms in the crystal was not known, in the hope that 
it might assist in determining the arrangement of protons involved in hydrogen bond- 
ing. While the work was in progress, Brown and Levy’ published the results of neutron 
diffraction experiments which fixed the proton positions. By and large this work is in 
agreement with ours, but there is a small discrepancy which is discussed later. 
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RESUL3-S AND DLSCXJSSION 

The proton magnetic resonance line of crystalline a-n-glucose differs from the 
more familiar high resolution spectra obtained from the same material in solution 
in that there is only a single broad and featureless peak. The width of this peak meas- 
ured between points of maximum slope is approximately 10.3 gauss (G), which may 
be expressed as approximately 44,000 c.p.s. in the units commonly used in high resolu- 
tion n.m.r. In solution, the molecules tumble freely and rapidly, so that all but the 
very small isotropic nuclear magnetic and molecular magnetic interactions are averaged 
to zero and a sharp line spectrum characteristic of the molecule is obtained. In the 
solid, these isotropic interactions are completely overwhelmed by the much larger 
anisotropic interactions originating from the magnetic fields due to the magnetic 
dipolemoments of all protons in the crystal; hence amuch broader signal is observed. 
A comparison of spectra of this type is most conveniently made by reference to the 
second moment (or “moment of inertia” of the absorption line about its “centre of 
gravity”) expressed in units of G’. 

Van Vleckz has shown that, given the position co-ordinates of the atoIILs in a 

crystal, the second moment of the nuclear magnetic resonance line is strictly calculable, 
and is related to the inverse sixth power of the interatomic spacings in the crystal. For 
powder samples of carbohydrates, the expression for the second moment is given by 

equation (I) 

m = C,H~~ rij(J%We6 + CHO C rik(KO)-6 + C,c C rk~(JXC)-6 
* i.k k.1 

(I) 

where AH: is the second moment, ‘ii (H,H) is the distance between the ith and jth 
protons, ri, (H,O) is the distance between the ith proton and the kth oxygen nucleus 
and rk, (H,C) is the distance between the kth proton and the lth carbon nucleus; 

c HH, C,,, and C,, are constants appropriate to the nuclear interactions indicated 
by the subscript. In normal carbohydrates the most abundant isotopes of oxygen 
and carbon are I60 (>99-9%) and “C (> 98.9%) which have zero nuclear spin 
and consequently do not contribute to the second moment. For this reason the second 
and third terms of equation (I) become negligible and the expression reduces to equa- 
tion (2). Thus, the experimental second moment of the proton magnetic resonance 

(2) 

absorption line can be used as a useful measure with which to compare the second 
moment calculated from a hypothetical model of the hydrogen positions within a 
carbohydrate crystal. 

In their original X-ray diffraction study, McDonald and Beevers3 showed that 
E-D-@UCOSe crystallizes in the space group P2,2,21 with cell dimensions a = 10.36& 
b = 14.8&, c = 4.g7& They found also that the molecular packing in the crystal 

was dictated by intermolecular hydrogen bonds and suggested that the three dimen- 
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sional hydrogen bond network consisted in part of two roughly spiral chains perpen- 
dicular to the [roo]plane and two other chains, whichwere-almost linear, perpendic~ular 
to the [OOI] plane. Their data, however, did not allow the hydrogen atoms to be located 
with any precision, so to a first approximation they were placed midway between the 
appropriate oxygen atoms, although each proton involved in a hydrogen bond will 
be closer to the oxygen atom to which it is covalently linked. 

The asymmetric position of the proton in the oxygen-oxygen bridge imparts a 
sense to the hydrogen bond chain. It was believed initially that the sensitivity of the 
n.m.r. second moment to the inter-proton distance would provide useful information 
on this property and also on the possible motions of such protons in the crystal. 
Unfortunately, calculations of the second moment for two models of the hydrogen 
bond chains yielded values of 15.70 G2 and 15.73 G2 which are not sensibly different. 

Before this work was completed, Brown and Levy! completed a new structural 
analysis with neutron diffraction data. A redetermination of the ceil parameters4 
yielded the result a = 10.3662 (o.ooog)A, b = 14.8506 (0.0016)& c = 4.9753 (0.0003)A 
(standard error in brackets). This analysis confirmed the work of McDonald and Bee- 
verL and, furthermore, has provided proton co-ordinates to a precision comparable 
with those of the heavier atoms. 

The calculated second moment based on the new coordinates of Brown and Levy 
with cell dimensions obtained by Ellison, Levy, and Brown4 is 14-99 G2 of which 
5.48 G2 is contributed by the hydrogen bonded protons. This may be compared with 
the observed second moment (averaged over five spectra) of 14.31 G2. 

The standard deviation in the observed second moment is 0.13 G2, and the resi- 
dual instrumental errors are estimated to be less than 0.27 G2. Hence, the error in 
observed second moment is probably less than 0.30 G2 (the r.m.s of the two foregoing 
errors). The standard errors in the cell dimensions quoted by Ellison et al4 lead to an 
error of 0.01 G2 in the calculated second moment. The difference between the observed 
and calculated second moments is slightly greater than twice the sum of the errors 
in these two quantities and is probably significant. 

The i&a-red spectrum and spe&c rotation of the specimen indicate that it is 
substantially pure a-D-glucose. The three most likely impurities, however, are P-D- 
glucose, a-D-glucose monohydrate and water. The powder second moment of P-D- 
glucose is 16.6 G2 (based on the co-ordinates given by Ferrier’) so no sign&ant 
change in the second moment coluld be anticipated from small amounts of this sub- 
stance. The influence of cr-D-glucose monohydrate would be greater because of the 
water molecules present in the crystal but again it would increase the value of the 
observed second moment above that of pure oL-D-glucose. As there was no narrow 
absorption line discernible in the spectra and because of the previous treatment of the 
sample it is reasonable to assume that the amount of adsorbed water present was 

negligible (<o. I%). 
The difference ofo.68 G2 between the observed and calculated second moments, 

therefore, is probably best explained by the large thermal and zero point vibrations of 
the hydrogen atoms, as these could average out the dipolar magnetic fields at the 
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various sites. Furthermore it is concluded that for many monosaccharides little addi- 

tional information may be obtained from broad&e n.m.r. which is not also provided 

by the appropriate diffraction data. 

The sample of analytical reagent grade a-D-glucose (NBC) was dried in mzcuo, 
at 3o”,over Pz05 for 24 h before sealinginan evacuated glass tube. It had [cc];’ f I I 1.6”, 
(c 3, water); lit.’ [a] 6” + I 12.2~ (c 4, water). 

The n.m.r. spectra were obtained at a frequency of 27 Mc/sec using a Pound- 

Knight marginal oscillator. All spectra were taken at room temperature and fixed 
frequency, the magnetic field being scanned over 50 gauss. Signal to noise ratios of 

approximately IOO:I were obtained in the spectra. 
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D-arabino-Hexosulose bis(benzoylhydrazone) (1) has recently been used in 
preparing r-substituted triazoles’. Like the bis(semicarbazone)*, it was prepared from 
the osone, which is difficult to obtain. We have now attempted to prepare compound 
1 and D-arabino-hexosulose bis(semicarbazone) (2) by other methods; these have shed 
some light on their mechanism of formation. 

It is known that arylosazones are obtained through the intermediate formation of 
Amadori compounds, and that higher yields of osazones are obtained when these com- 
pounds are used instead of the corresponding sugar3. We have therefore tried to syn- 
thesize the above bis(hydrazones) from. the Amadori compounds: x-deoxy-r-p- 
tohtidino-D-fructose (3) and r-p-anisidino-r-deoxy-D-fructose (4). The reaction took 
place readily, and 2 and 1 were obtained in 14 and 2r% yields, respectively. 

When the reaction was carried out by using D-glucose and aniline, or p-toluidine, 
instead of the corresponding Amadori compounds, the yield increased to 28% for 2. 
This unexpected result led us to believe that, unlike arylosazones4, the above 
bis(hydrazone) is formed by a mechanism not involving the intermediate formation of 
Amadori compounds and yet catalyzed by the presence of aromatic amines. The 
highest yields of bis(hydrazones) were obtained when D-glucose semicarbazone or 
D-glucose benzoylhydrazone were respectively refluxed with semicarbazide, or benzoyl- 
hydra&e, in ethanolic acetic acid containing aniline or p-toluicline. The reaction was 
complete in four to eighteen h, and the yields amounted to 40% for 2 and 34% for 1. 

It was, therefore, concluded that, as with formation of arylosazones, the first 
step in the reaction is the formation of the hydrazone; but that this then reacts with 
the aromatic amine without formation of an Amadori compound. In other words, 
the mechanism of formation of bis(acylhydrazones) differs from that of arylosazones. 

EXPERIMENTAL 

D-arabino-Ifexosulose bis(semicarbazone) (2).-(a); From 3. A solution of 2 
(5 g), semicarbazide hydrochIoride (2 g), and sodium acetate (2.4 g) in 2~ acetic acid 
(5 ml) and ethanol (50 ml) was refluxed for I h; 2 was filtered off after 24 h, and crys- 
tallized from dilute ethanol; yield, 0.8 g; m.p. and mixed m.p.* 215~. 

Anal. Calc. for C,H,,N,O,: C, 32.87; H, 5.52; N, 28.75. Found: 32.83; 
H, 5-84; N, 28.90. 

(b) From 4. A solution of 4 (5 g) , semicarbazide hydrochloride (1.95 g), and so- 
dium acetate (2.25 g) in 2~ acetic acid (5 ml) and ethanol (50 ml) was treated as above; 
yield, 0.75 g; m.p. and mixed m.p. 215~. 

Anal. Found: C, 32.68; H, 5.70; N, 28.62. 
(c) From D-glucose. A solution of D-ghrcose (5 g), p-toluidine (7 g) or aniline 
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(3 g), semiearbazide hydrochloride (6.15 g), and sodium acetate (7.5 g) in 2N acetic 
acid (5 ml), water (8 ml), and ethanol (50 ml) was refluxed for 4 h. The product (2.3 g) 
had m.p. and mixed m.p. 125~. 

(d) Frum D-&cCXe semfcarbazone. A solution of D-glucose semicarbazone (5 g), 
p-toluidine (7 g) or aniline (3 g), semicarbazide hydrochloride (2.4 g), and sodium 
acetate (2.9 g) in water (8 ml), 2~ acetic acid (5 ml), and ethanol (50 ml) was refluxed 
for 4 h. The product (2.5 g) had m-p. and mixed m-p. 2150. 

D-arabino-Nexosulose bis(benzoyIhydrazone) (l).-From 3. A solution of 3 
(2.5 g) and benzoylhydrazine (2.5 g) in 2~ acetic acid (5 ml) and ethanol (50 ml) was 
refluxed for 8 h and concentrated. Compound 1 crystallized from ethanol; yieid, 0.8 g; 
m-p; and mixed m.p.l 188”. 

Anal. Calc. for C,,H,,N,O,: C, 57.97; H, 5.35; N, 13.52. Found: C, 57.52; 

H, 5.72: N, 13-54. 
(b) From 4.A solution of 4 (2.5g) and benzoylhydrazine (2.5g) in 2~ acetic acid 

(5mI) and ethanol (5om.l) was treated as above. The product (o.8g) had m.p.and mixed 
m.p. 188’. 

(c) From D-gkose benzoylhydrazone. A solution of D-glucose benzoylhydrazone 
(2.5 g), benzoylhydrazine (1.2 g), andp-toluidine (1.58) or aniline (r.25g) in 2~ acetic 
acid (5 ml), water (5 ml), and ethanol 35 ml) was refluxed for 18 h. The product (1.2 g) 
had m-p. and mixed m.p. 188~. 
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Preliminary Communication 

Stereoselective ring-opening of B-D-mannopyranose 
orthoacetates). 

1.2-(alkyl 

D-Mannopyranosyl residues are common in the carbohydrate prosthetic groups 
of glycoproteins, structural studies on which suffer from a dearth of well-characterized 
oligosaccharides. With a view to synthesizing oligosaccharides containing D-mannose, 
particularly those having a-~-Cl -2) linkages, the ring opening of B-D-mannopyranose 
1,2(alkyl orthoacetates) was investigated. 

Earlier work has been directed toward the ring opening of the 1,2-(alkyl 
orthoacetates) of 3,4,6-tri-O-acetyl-B-D-mannopyranose’ and 3,4,6-tri-O-acety&oD- 
glucopyranose2v3. In order to avoid any embarassment in later conversions because 
of acetyl migration, the present studies were made with 3,4,6-tri-0-benzyl-B-D- 
mannose 1,20(methyl orthoacetate) (l), m.p. 78-Sl”, [a]n + 12.1” (c 1.65)*, which was 
prepared from the corresponding triacetate (2). 

The acid-catalyzed ring opening of 1 (0.4~) in dichloromethane containing 
p-toluenesulfonic acid (O.O4M), excluding water or any alcohol, showed complete 
rearrangement within 20 min at 46.5”, with almost exclusive formation of methyl 
a-D-dycoside derivatives. The reaction was performed in the n.m.r. sample tube, and 
followed by observing the decrease of orthoacetate C-Me signals at t 8.35 and 8.56 
with concomitant appearance of an O-acetyl peak at T 7.91. The final, equilibrium 
mixture was analyzed by column chromatography on silica gel, whereby methyl 
Z-0-acetyl-3,4,6-tri-U-benzyl-a-D-mannoside (3), [alD + 27.9” (c 2.24), and 
methyl 3,4,6-tri-O-benzyl-a-D-mannoside (4), [aID + 59.7” (c 1.85), were isolated in 
82% and 7% yield, respectively. A small proportion. of the D-D anomer (5) of 4 was 
identified by t.1.c. No other products were observed. A similar reaction, with 0.012M 
mercuric bromide as catalyst in nitromethane3, was slower, but otherwise gave the 
same results. 

The presence of methanol in the reaction mixture appeared to have little or no 
effect upon the direction of the ring opening, but there was more extensive loss of 
the 2-acetoxy group. Treatment of 1 (0.4 mmole) with methanol (0.4 mmole) and 

*The reactions were followed by t.1.c. on silica gel G (E. Merck, Darmstadt, Germany) with 1:l 
chIoroform-ethyI acetate as eIuent and detection of the components by sulfuric acid. The products 
were pu-ified either by recrystallization, usually from ether-petroleum ether, or by chromatography 
on silica gel @.05-0.2 mm), with successive elution by clichloromethane, ethyl acetate, and methanol_ 
me melting points (Fisher-Johns apparatus) are uncorrected. The n.m.r. spectra were obtained in 
chloroform or chloroform-d, with a tetramethylsilane external standard, by using a Varian A-60 
spectrometer. AU opticaI rotations were observed in dichloromethane. 
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p-toluenesulfonic acid (0.4 mmole) in dicblorometbane (1 ml) for 10 min at 46.5” 
gave an equilibrium mixture containing 74% of 3, 20% of 4, and 6% of 5. Similar 
treatment of 3,4,6-tri-O-acetyl-a-D-glucose 1,2-(alkyl orthoacetate) has previously2 
been shown to result in the complete removal of the Zacetoxygroup from the products, 
which were a mixture of 3,4,6-tri-O-ace@-D-glucose and the corresponding alkyl 
cc-(and /3)-D-glycosides 2. The stereoselectivity of the ring opening was not so pronoun- 
ced in this D-glucose series as is described above forl. Almost exclusive formation of 
4 was achieved by heating 1 in 2% methanolic HCl for 24 h or longer under reflux. 
Similarly, aqueous acetic acid hydrolyzed 1 to 3,4,6-tri-@benzyl-D-mannose, m.p. 
98-g”, [a],, -t= 22.7” (c l-92), which was characterized by oxidation, with periodate, to 

the known 2,3,5-tri-O-benzyl-D-arabmose, m.p. 77-i30”, undepressed on admixture 
with an authentic sample. 

The acid-catalyzed rearrangements of the 1,2-(cyclohexyl orthoacetate) and 
1,2-(isopropyl orthoacetate) of 3,4,6-tri-O-benzyl-&D-mannose proceed with equal 
stereoselectivity, to give the corresponding a-D-mannoside. Studies are continuing 
to extend the reaction to other orthoesters. 
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Page 8. The scheme should read: 

AmyIomarae 

I 
Pretreated with IQO/BuOH/glycerol at SW’ 
Extracted vnth EtOH/NaOH(3 N ) 
Neutrahzed 
Centrtiuged 

Supet-mtant AI/ 
I * 

I 
Sedwnent Apl 

Reflwed BuOH 
I Alkaline extraction 

Complex formation 

I 
Supernatant Ap2 

Refluxed BuOH Dialysis 

Complex formation Freeze-drying 

4 
AM 

Carbohydrate Res , 3 (1966) 102-1 I o 

The subtltle of the article should vead: 

Page IIO The headmg of Table II should read. 

Part XV. The enzymlc synthesis of some O-D-glucosylpentose dlsacchandes 

Properties of @D-&ICOSyl-D-XylOSeS 
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